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RESTORATION OF THE WARREN MASTODON (MASTODON AMERICANUS) 

After a painting by Charles R. Knight in 1908, under the direction of Henry Fairfield Osborn 

This restoration is based on the classic skeleton known as the Warren Mastodon, which was unearthed in the year 1845 just 

north of the Highlands of the Hudson and presented by the late J. Pierpont Morgan to the Hall of the Age of Man of The American 

Museum of Natural History in the year 1906. The animal took its name from John C. Warren, Professor of Anatomy at Harvard 

University, who described it in detail in his memoirs of 1852 and 18598. 

The painting represents the animal, a bull at least thirty years old, as he appeared in life before he sank into a shell-marl 

basin six miles northwest of Newburgh-on-Hudson, New York; this event, so auspicious to palzontologists of today, occurred in 

the Late Glacial Epoch between 30,000 and 40,000 years ago. In the right background is the north gap in the Hudson River High- 

lands, Storm King Mountain on the right and Break Neck on the left. In the foreground is one of the shallow sheets of water 
covering the shell-marl in which the remains of the animal were so perfectly preserved. The flora of the forest corresponds with the 
description by Asa Gray, in a letter to Doctor Warren, of the contents of the mastodon’s stomach: “An examination with the micro- 
scope showed, from the structure of the woody fibre, that they were boughs of pine or spruce of some sort, and that they minutely 
agreed with the wood of hemlock spruce; so that this is very probably the species they belonged to, but there is no certainty Ofte 



PROBOSCIDEA 
A MONOGRAPH OF THE DISCOVERY, EVOLUTION, MIGRATION 

AND EXTINCTION OF THE MASTODONTS AND 

ELEPHANTS OF THE WORLD 

BY 

HENRY FAIRFIELD OSBORN 
A.B. Princeton, 1877; D.Sc. Princeton, 1880; Honorary LL.D. Trinity, 1901; LL.D. Princeton, 1902: 

Sc.D. Camsrince, 1904; LL.D. Cotumaia, 1907; Px.D. Curistianta, 1911; D.Sc. Yate, 1923: 
D.Sc. Oxrorp, 1926; D.Sc. New York, 1927; LL.D. Union, 1928; Docror' 

oF THE University oF Paris, 1931; Doctor or NATURAL SCIENCE, 

Jouann Wo rGaAnc Goetue University, 1934 

ResEARCH ProressoR OF ZOOLOGY, CotumMBIA University; Honorary Curator-In-Cuter oF VERTEBRATE 
PALAEONTOLOGY, THE AMERICAN MusguM or Naturat History; Senior PAL#ONTOLOGIST, 

Unirep States Geotocicat Survey; Honorary Prestpent, THE AMERICAN 

Museum or Natura History; Honorary Presipent, 

Tue New York Zoo.ocicat Society 

EDITED BY MABEL RICE PERCY 

VOLUME | 

MCERITHERIOIDEA 

DEINOTHERIOIDEA 

MASTODONTOIDEA 

PUBLISHED ON THE J. PIERPONT MORGAN FUND BY THE TRUSTEES 

OF THE AMERICAN MUSEUM OF NATURAL HISTORY 

THE AMERICAN MUSEUM PRESS 

NEW YORK, 1936 



PUBLICATION NOTE 

Volume I has been on the American Museum Press since 1924. In the course 

of the intervening eleven-year period to 1935 the field of research has been greatly 

broadened and many discoveries have been made which alter the Classification of 

the Proboscidea; the consequent alterations appear in the Table of Contents and 

in the Phylogenetic Appendix to the present volume. 

At the time of the author’s lamented death on November 6, 1935, the final 

revision of the manuscript was in progress. This has been carried out along the 

lines laid down by him; since that time no changes have been made in his deter- 

minations and necessary corrections have been inserted as footnotes. 

Volume II, containing Elephantoidea, Appendices, and Index, will be issued 

as soon as possible, probably in 1937. 

Coryriaut, 1936, By 

Tue American Museum or Natura History 



IN MEMORIAM 

IOANNIS PIERPONT MORGAN 

ARTIVM ET SCIENTIARVM 

ADIVTORIS ARDENTIS ET LIBERALIS 

HOC VOLVMEN 

AMICITIAE MNEMOSYNVM 

D: B.D, 

SCRIPTOR 



DuRING THE YEARS 1907 TO 1936 

THE EXPLORATIONS, COLLECTIONS, RESEARCHES AND PRINTING OF THIS MONOGRAPH 

Have Been PROMOTED CHIEFLY BY FuNDS DONATED BY 

JOHN PIERPONT MORGAN 

1837 — 1913 

FouNDER, TRUSTEE AND BENEFACTOR 

OF 

Tur AMERICAN Museum or NATURAL Hisrory 



PREFACE 

HE author began his researches for this Monograph by devoting the years 1889-1900 to zoogeographical 
| Fea on the origin, migration and distribution of the twenty-two Orders of Mammals known at that 

time. The theoretic conclusion was reached that the Proboscidea originated in Africa. This conclusion was 

confirmed in the Faytim district of northern Africa by Hugh Beadnell (1901-4) and by Charles William Andrews 
(1901-3). In Andrews’ Memoir of 1906 published by the British Museum (see p. 36 of the present monograph) 
he wrote: 

The probability that Africa would be found to be the original home of these animals was pointed out by several writers, 
notably Osborn, Stehlin, and Tullberg. The first of these suggested that probably not only the Proboscidea but also the 
‘Hyracoidea, certain Edentates, the Antelopes, the Giraffes, the Hippopotami, the most specialized Ruminants, and among the 
Rodents the Anomalures, the Dormice, and Jerboas, among Monkeys the Baboons,’ and, as his map suggests, the Sirenia also, 

originated in this region. Osborn also put forward the theory that a succession of migrations from Africa to Europe occurred, 
notably at the end of the Eocene, at the beginning of the Miocene, and again in the earliest Pliocene. It was in the early 
Miocene migration that the Proboscidea passed out of Africa for the first time so far as known. 

The American Museum expedition of 1907 amplified the epoch-making discoveries of Beadnell and Andrews 

and subsequent exploration has demonstrated beyond question that in Africa originated not only the Mceritheres 

and primitive Mastodonts but also the Deinotheres and the Elephants. Not a trace of these proboscideans has 

been found in any other continent earlier than Miocene time, when waves of Deinotheres and Mastodonts, already 

highly specialized, began to enter Eurasia and to migrate to all the continents excepting Australia. 

The actual preparation of this monograph opened in the year 1907 with the author’s expedition to the desert 

bordering the Faytim of northern Egypt, accompanied by Walter Granger of the mammalian paleontology staff 

of the American Museum. In 1908 the author determined to give the Proboscidea a monographie treatment 

similar to that he was then giving to the Titanotheres. Intensive work on the Proboscidea, first entered 

upon in 1920 during the concluding phases of work on the Titanotheres, has continued without interruption for 

fifteen years. Thus the intensive study of the evolution and phylogeny of two dominant and widely different 

types of mammals, the Titanotheres and the Proboscideans, has occupied a total uninterrupted research period of 

thirty-five years, 1900-1935. 

The Titanothere Monograph involved methods of collateral research in geology, comparative anatomy, 

animal mechanics and biology that were largely new to the science of paleontology, chiefly in the science of measur- 

ing the skull (craniometry) and in the science of animal ascent (phylogeny). From the outset the craniometric 

methods and results of the Titanothere researches partially prepared the way for the solution of proboscidean 

problems. In their adaptations the Proboscidea present the widest possible contrasts to the Titanotheres. 

Moreover, there was little conception of the new and rapidly oncoming difficulties in interpreting the classic 

proboscideans as a whole or the entirely unexpected adaptations in numerous new lines of mastodont and ele- 

phantoid ascent. Previously undreamt-of kinds of proboscideans have been discovered. Through the classic 

and the new kinds have been revealed a number of biological principles hitherto unknown. 

xi 
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METHODS OF COMPARATIVE RESEARCH 

In the analysis and synthesis of thousands of observations on the Proboscidea it soon became obvious that 

five main lines of research were essential to a judicial, comprehensive and philosophical treatment: 

First, to survey, for the restatement of historic descriptions and figures, the ancient literature of what 

may be called “the dawn period’ of mammalian paleontology, including Robert Kerr’s naming of the 

American mastodon, Elephas americanus, in 1792 and Blumenbach’s naming of the European mammoth, £. 

primigenius, in 1799; second, to study all the subsequent scientific descriptions of fossil and living proboscideans, 

with republication of essential parts of the original descriptions and reproduction of all the original figures; third, 

to directly or indirectly reéxamine all the fossil proboscidean collections in the world and especially to verify 

and refigure all types of genera and species; fourth, to secure the codperation of mammalian paleontologists all 

over the world in the examination of distant collections inaccessible to the author; fifth and most important, to 

approach this great and difficult subject with an entirely open mind, unbiased by preconceptions, each problem to 

be considered in a fresh and free spirit of observation, induction and generalization. 

Thus approached, the Proboscidea have proved infinite in variety, full of surprises, creative of new ideas and 

demonstrative of new evolutionary principles. 

DISCOVERY OF MULTIPLE LINES OF PROBOSCIDEAN ASCENT 

A research period of unparalleled difficulty proved to be also a period of unparalleled opportunity—oppor- 

tunity such as has never before been afforded to any zoologist, paleontologist or biologist. There has been vast 

expansion of our knowledge since the year 1859 in which appeared Darwin’s ‘‘Origin of Species,” since 1886 when 

Richard Lydekker catalogued the Proboscidea in the great collection of the British Museum (Natural History), 

and even since 1929 when D. M.S. Watson’s article, ‘‘Proboscidea,” appeared in Volume XVIII of the Fourteenth 

Edition of the Encyclopedia Britannica. Even within the year 1935 most surprising discoveries have been made 

bearing on the origin and distribution, affinity and ascent of the Proboscidea, which as far as possible are em- 

bodied in the phylogenetic appendix at the close of the present volume. 

The outstanding result of the expansion of our knowledge of the Proboscidea is the demonstration, partly in 

fulfilment of the prophetic vision of Hugh Falconer, that the single genus Mastodon of Cuvier is the prototype of 

the suborder Mastodontoidea, which comprises all the mastodonts of the world, as fully set forth in the Appendix. 

This suborder embraces thirty-one distinct lines of generic ascent—in brief, of genera; these genera are grouped 

into fifteen distinct subfamilies, which in turn are grouped into four families, out of one of which it is possible 

that the Elephantoidea, the second great suborder of the Proboscidea, evolved. 

In like manner, as fully set forth in Volume II, the single genus Elephas of Georges Cuvier is now known to 

have divided into eight to ten separate lines of generic ascent, which in turn are grouped into four subfamilies, 

actually very wide apart in structure, in geographic distribution, in feeding habits and in adaptation. None of 

these elephantoid lines is known prior to Middle to Upper Pliocene time. The line with the most noble geologic 

and geographic history is that of the genus Archidiskodon, which apparently dated back to the Middle Pliocene of 

South Africa and enjoyed a glorious migration of 15,000 miles to its Late Pleistocene climax in Nebraska, Texas 

and Mexico. 

Thus, taken altogether, the Mastodonts and the Elephants, the Deinotheres and the Mceritheres—the four 

great branches constituting the great order PROBOSCIDEA—are now known to have evolved along no fewer 

than forty-one lines of generic ascent. 
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LINNAZAN CLASSIFICATION REPLACED BY OSBORNIAN 

The above revolution, by the discovery of multiple lines of ascent, is first manifested in the zoologie and 

classificatory treatment of the Proboscidea, in which we are impelled to substitute for the purely zoologie pre- 

evolutionary classification of Linnzus an evolutionary or phylogenetic classification based on principles first 

set forth by the author in 1892 and fully exemplified in the Titanothere Monograph (1929). Inherent in phylo- 

genetic classification are entirely new conceptions of the real evolutionary meanings of the old Linnzan terms 

Species and Genus, Family and Order, as well as of the more recent terms Superfamily, Subfamily, Subspecies 

and Mutations. The classic Linnean system based solely on zoologic observation and the creational concept 

is now replaced by a phylogenetic system in which all divisions from the Subspecies to the Order are placed 

vertically as succeeding each other during millions of years of geologic time, rather than horizontally as observed 

in recent or existing time by Linnzeus and all zoologists. 

The Osbornian phylogenetic system that was set forth in the Titanothere Monograph (Vol. I, Fig. 14, p. 16) 

is literally fulfilled in one proboscidean family known as the Serridentide, embracing seven complex lines of ascent 

of the serridentine mastodonts, namely, Serridentinus, Ocalientinus, Serbelodon, Trobelodon, Platybelodon, Toryno- 

belodon, Notiomastodon; also in an elephantoid subfamily known as Mammontinew, embracing three related but 

widely distinct kinds of mammoths—the woolly, the hairy, the southern—Mammonteus, Parelephas and Archi- 

diskodon. Thus for the first time we arrive at the real evolutionary significance of the classificatory terms of 

Linnzeus—Order, Suborder or Superfamily, Family, Subfamily, Genus, Species, Subspecies, Ascending Mutation. 

The facts upon which these phylogenetic results of mastodontoid and elephantoid ascent are established 

may be summarized as follows: 

1) The Proboscidea originated exclusively in Africa, probably in Upper Cretaceous or Lower Eocene time. 

2) Not remote from the stem that gave rise to the manatees and dugongs (Sirenia), proboscideans were distinguished 

from the first by specialization of the second incisor teeth above and below, also by the potentiality of forming transverse 
ridge-crests which, especially in the third superior and inferior grinders, rise from primitive 244-3 ridge-crests to progressive 

30 ridge-crests. 

3) The subfamily radiation into all habitats, from the purely aquatic and amphibious habitat of the Mceritheres to 
swamp, river-border, shallow lake-border, savanna, forest, tundra and desert habitat, from humid to arid climates, from 

equatorial to boreal latitudes and from sea level to elevated mountains (for example, the Andean mastodon), in which thirty- 

one lines of mastodonts and eight to ten lines of elephants have become specialized in every organ. 

4) The conversion of a broad prehensile upper lip of the hippopotamus type in the Meeritheres into the broad prehensile 

upper lip of many of the mastodonts and, finally, into the true proboscis of certain mastedonts and of all Stegodonts and ele- 

phants. 
5) The genera are primarily distinguishable (a) by the adaptations of the grinding teeth which, when very carefully 

analyzed, as in the Appendix to the present volume, are highly characteristic, and (b) by the respective adaptations of the 

superior and inferior incisive teeth to a great variety of proboscidean floral habitats and modes of feeding; (c) in the Deino- 

theres, in three kinds of shovel-tuskers, also in the Rhynchotheres, the lower incisive tusks are far more important and diversi- 

fied than the upper, while in many mastodonts and in all the Stegodonts and elephantoids the lower tusks disappear entirely, 
the lower jaw being correspondingly abbreviated; (d) the superior tusks function first as offensive weapons of marked 

sexual variation and second as auxiliary feeding tools of great importance, excepting in one division of the elephantoids in 

which the gigantic superior tusks are withdrawn from feeding service and become only of sexual distinction and value. 
6) There is consequently frequent recurrence of adaptive parallelism, namely, of similarly specialized organs, like the 

shortened jaw being independently produced in different phyla, or the rounded and upturned enamel-less superior tusks 

serving as weapons. 

7) With the various functions and forms of the superior and inferior grinders, the superior tusks, the upper lip and the 

proboscis are coérdinated not only the cranium and jaws but also the neck, backbone, and limbs. For example, the three 

types of mammoths—the tundra (Mammonteus), the north temperate (Parelephas) and the southern (Archidiskodon)—alike 

exhibit enormous incurved tusks of use only in combat or for sexual selection purposes and not as auxiliary feeding organs; 

in these three mammoths the posterior half of the backbone is relatively weak because the tusks have relatively little work to 

do as auxiliary feeding organs, whereas in the African and Indian elephants and their relatives the backbone is extremely 

strong, in correlation with active tusks. 
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PROBOSCIDEA, THE NEW STANDARD OF CHRONOLOGIC WORLD CORRELATION 

Not revolutionary, but in accord with the clocking of geologic time by similar stages of evolution (homotaxis, 

Huxley) long in use by invertebrate palzontologists, is the evidence yielded by intensive examination which 

the Proboscidea afford for Tertiary geologic correlation of stages in adaptive progression and retrogression in the 

widely distant distribution centers of mastodonts and elephants which migrated into all the continents except 

Australia. The continuous evolution of far-separated adaptations of the grinding teeth, in northern and southern 

Afriea, in Eurasia and in North and South America, can now be coérdinated with unexpected precision, as in the 

outstanding metamorphosis of Archidiskodon proplanifrons of South Africa into the gigantic Archidiskodon 

maibeni of Nebraska (see Volume II). In this correlation the intensive study of the grinding teeth in the masto- 

dontoid and elephantoid divisions plays a leading part. 
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PROBOSCIDEAN CHRONOLOGY 
Another result which will prove to be revolutionary in anthropology is the new means afforded of dating 

precisely the main periods of the prehistoric evolution of Man, by intensive measurement of the length, width 

and thickness of the enamel layers in the grinding teeth of the elephantoid division (Osborn 1931.858) in successive 

stages from Upper Pliocene to closing Pleistocene time. Man was a mastodon and elephant hunter from early 

times. Remains of fossil elephants are occasionally found embedded in the same strata with remains of fossil 

man, and the total length of the enamel foldings in proboscidean grinding teeth enables us to date relatively the 

successive phases in the evolution of man. 

ARISTOGENESIS AND PROPORTIONAL MODIFICATION 
From the author’s prolonged thirty-five-year research on Titanotheres and Proboscidea there issue not 

only the principles governing the classic modifying modes of evolution known to Lamarck and Darwin (variation, 

development, degeneration) but also the newly discovered and hitherto unrecognized principle and modes of the 

origin of new characters through aristogenesis or creative biomechanical rectigradation (Osborn 1894.92,1934.922). 
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Ascending mutations, species and genera are principally defined by continuously progressive changes in the 

aristogenes and proportions of the grinding teeth and in the upper or lower incisive tusks. Although the rate of 

proportional adaptation varies enormously, for the first time we know approximately how long a period of geo- 

logic time it takes to produce a full-fledged and highly efficient adaptation, as in the metamorphosis of the lower 
incisive tusks of Oligocene Phiomia into the dominant shovel-tusks of Pliocene Amebelodon (see Plate V, pp. 
236-237), or in the metamorphosis of the posterior grinders of T’rilophodon from Lower Miocene into Mio-Pliocene 
time (see Fig. 300, p. 341). 

ene 
o——ppecies of Llephas” 

known to Darwin in 1859 

Elephantoidea: Adaptive Radiation from Genus Elephas Linnaeus, 1735 8 generic phyla: Osborn, 1933 
— | 

PRINCIPLES OF ADAPTIVE PROBOSCIDEAN ASCENT 

Through the clear distinction between change of proportion (alloiometry) and the origin (aristogenesis) 

of new parts, also through the newly discovered multiple lines (forty-one or more) of ancestry and ascent technical- 

ly known as phyla, the Proboscidea afford a complete revolution in our biological philosophy and concepts of the 

nature and causes of evolution. The contrast between Darwin’s knowledge of the Proboscidea when he wrote 

the Origin of Species in the year 1859 and the knowledge contained in this monograph is graphically shown by 

comparing the two accompanying charts (1933) with Plate XI (1935). 

Never before has it been possible to follow many lines of phylogenetic ascent over extremely long periods of 

geologic time, noting the progressive adaptive changes in each organ in each phylum to gain the perfection of 

certain mechanisms at the expense of other mechanisms. In general, the specialization of certain organs becomes 

more intense, while clos¢ly contiguous organs remain absolutely stationary. For example, among the shovel- 

tuskers, Phiomia osborni of the Oligocene of Egypt gives rise to the incredibly specialized Amebelodon fricki of 

Nebraska, with a relatively similar and unchanging skeleton and limbs. Amebelodon is paralleled by the flat- 

tusker Platybeledon of the Gobi Desert and of Nebraska in which the whole jaw becomes an enormous shovel, 

the upper jaw and skull being sacrificed and thus greatly reduced in size. 

[This section of the Preface was not completed by the author.—Editor.| 



xvi OSBORN: THE PROBOSCIDEA 

ACKNOWLEDGMENT OF COOPERATION 

Coéperation in the preparation of this monograph has been practically worldwide, with the exception of the 

naturalists of Australia, the only continent not invaded by proboscideans. A full list of the names of codperating 

authors and investigators is given in Chapter I, pages 13-15, also in the Bibliography at the close of this volume, 

but I should like to notice here some of the outstanding collaborators and assistants. 

My lifelong and honored friend, Andrew F. West of Princeton University, has greatly added to the value of 

the work by his Latin rendering of the Dedication. 

In the United States I am especially indebted to my friend, Erwin H. Barbour of the University of Nebraska, 

who placed at my service all his materials, his writings and his illustrations. In recent years my research as- 

sociate, Childs Frick, has rendered most timely service in his explorations, researches and astounding discoveries. 

European collaboration that has been invaluable was that of Sir Henry Lyons in supporting the Faytm expedition 

of the year 1907 with all the resources of the Geological Survey of Egypt. In his assistance on the home stretch 

of research on this monograph Arthur T. Hopwood has been particularly helpful in the Calcutta and British 

museums. In both France and Germany I have had the aid of a host of friends. 

CRANIOMETRY. New methods of measuring the skulls of the proboscideans were initiated in the year 1903 

with the aid of William King Gregory in continuation of the new systems of measurement introduced in the 

researches on the craniology of the Titanotheres. In every subsequent year this most helpful and talented col- 

league has responded instantly to every call for codperation and counsel. 

OpontToGRAPHy. The grinding teeth are the remains most frequently found and constitute the chief bases 

of scientific description and classification. The preparation of measurements, calculations and difficult drawings 

of the evolution of enamel foldings in the stegodontoid and elephantoid branches of the Proboscidea has occupied 

two years’ time in the American Museum and the British Museum (Natural History); this work includes the 

excellent aid of Edwin H. Colbert of the American Museum staff in the calculation of indices, of William Dixon 

Lang and William E. Swinton of the British Museum in the new ganometric measurement of the superior and 

inferior grinding teeth of the proboscideans, of Miss Barbara Hopkins of the British Museum in her admirable 

drawings of molar tooth sections and of Sir Henry Lyons of the Science Museum in the preparation of diagrams. 

SysTEMATIC IDENTIFICATION. During the period from 1922 to 1930 Charles Craig Mook assisted in the 

arrangement of the rapidly incoming collections of fossi! mastodonts and elephants. In the year 1930 Doctor 

Mook was succeeded by Doctor Colbert, who has rendered substantial aid in the more recent identification and 

measurements of the material. The proboscidean collection now numbers 1235 specimens. 

InLusTRATION. Especially outstanding is the superb work of illustration rendered by Lindsey Morris 

Sterling from the year 1902 to the time of her death in 1931. Beginning with pen drawings of crania in the 

elephantoid branches, executed in imitation of wood engraving, shown especially in Chapters VI, VIII, X, XIV, 

XX, Mrs. Sterling with rare intelligence, accuracy and constant enthusiasm prepared the greater number of pen 

drawings and diagrams for this monograph and is thus entitled to an enduring rank among the leading scientific 

draughtsmen of the present century. To our deepest regret Mrs. Sterling did not live to see the publication of 

these volumes in which her work will be preserved for all time. 

Reminiscent of the splendid series of illustrations of the extinct reptiles and mammals of North America 
are the frontispiece and five plates reproduced from the masterly oil, water color and pencil sketches of Charles 
R. Knight. All these sketches were executed before the habits and characteristics of these proboscideans were so 
precisely known as at present. In design and artistic conception the Knight restorations are unsurpassed. In 
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the year 1928 Margret Flinsch, guided by the most recent studies of the author, entered upon the work of restor- 

ation of the fossil elephants and mastodonts, after prolonged graphic study of the living elephants. Her work 

combines a fine sense of accuracy with rare artistic appreciation of the motions and adaptations of these remarkable 

animals. Beginning with the Moeritheres of the Fay(iim she has vigorously and freshly restored, under the author’s 

direction, all the chief types of proboscideans as members of the forty or more genera and twenty-odd subfamilies 

into which the Order is now divided. A prolonged and very difficult undertaking of the last three years has been 

the outline restorations of most of the known fossil and living types for phylogenetic charts illustrating the adaptive 

radiation of the mastodonts and elephants, also the modeling in plaster of the outstanding mastodonts and 

elephants, aided by the figures of Muybridge. 

The work of illustration also calls for grateful mention of the following artists: Alastair Brown and Roger 

Bullard for their pen and pencil sketches; D. F. Levett Bradley for her mapping and lettering; Abram E. 

Anderson for his fine photographs of skulls and skeletons in the American Museum collection and for his de- 

scription of the microscopic characters of the enamel of the proboscideans in Volume II; Elwin R. Sanborn of 

the New York Zoological Society for his photography. 

Epitine. Beginning in the autumn of the year 1920 and continuing up to the time of publication, Mabel 

Rice Percy has been the editor-in-chief of these volumes. Rarely fitted by intense appreciation of the possibilities 

and results of scientific research, as well as by unflagging energy and patience, exceptional memory and rare 

precision, Miss Percy has rendered imperishable service to the science of paleontology. The taste and beauty of 

the typographic arrangement, the adjustment of the illustrations, the great labor of examining and correcting 

succeeding galley and page proofs to make this monograph a consistent and harmonious statement of fact and 

measurement, are all due to Miss Perey. 

In the closing years Ruth Tyler has assisted in the final proofreading and editorial work of the text as a 

whole and, especially, in the Table of Contents, Bibliography and the Appendix. The introductory pages and 

Preface have been prepared by Florence Milligan. 

Editorial appreciation is also due to Francesca LaMonte and Marcelle Roigneau in the work of translating 

the citations from the French, Spanish, Italian and Russian languages; to the Staff of the American Museum 

Library and to Jannette May Lucas for library assistance; to Miss Percy for the extremely difficult assemblage 

of titles for the Bibliography and to Miss Lucas for assistance in this compilation; under Miss Percy’s direction 

fine work has been done by the American Museum Department of Printing, originally headed by Stephen Klassen 

and including Miss Gerold and Messrs. Warther, Caggana and Klassen, Jr., and on the home stretch headed by 

Edward A. Burns with Messrs. Caggana, Haddon and Lewis and Mrs. Price assisting. 

IT am indebted also to Professor Barbour, Harold J. Cook, Morris Skinner and C. Bertrand Schultz for as- 

sistance in field geology; to James L. Clark and Martin Johnson in comparative zoology; to Nels C. Nelson and 

J. Reid Moir in prehistoric archeology. 
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CHAPTER | 

DISCOVERY OF THE LIVING AND EXTINCT PROBOSCIDEANS 

1. Principles of revision of generic and specific names. 2. Revision and adoption of generic names of Proboscidea. 
Certain of the names applied to the mammoth and Examples of names of prior generic conception and 

mastodon. definition, with classic orthography. As adopted 
Linnean special creation system (1735-1766). by Osborn up to the year 1923. 
Nomenelatural principles adopted in the present Indeterminate names, collective or section names. 

Memoir. Summary of total generic names adopted up to the 
Principle of soundly established usage and of common end of the year 1933. 

sense. 
3. Phylogenetic nomenclature and classification adopted in 

Post-1836-selection of the first soundly established gen- the present Memoir. 
eric or specific name. 

Determination of the characters, validity, and names of 4. Acknowledgments of codperation and assistance. 
specific types. 

The proboscideans and the horses divide the honors of age-long association with man, not only in the historic 

period but far back into prehistoric times. Whereas the horses entered Eurasia late in Pliocene time and were 

hunted for food during the closing 100,000-year period, the association of man and the proboscideans appears to 

have been far more remote, certainly extending back into Upper Pliocene time where we discover more or less 

conclusive evidence that man hunted the primitive elephants of the period. During the severe environment of the 

late Paleeolithic age, man had become an extremely clever horse hunter, as shown at Solutré in southern France, 

as well as an extremely clever mammoth hunter, as shown in the ‘‘woolly mammoth pit” of Moravia. Whereas 

many horses were necessary to feed a tribe, a single elephant or mammoth would furnish an entire feast, aside 

from the priceless materials of bone and ivory to be fashioned for economic and artistic purposes. 

From FaBLE AND MytTH TO SCIENCE 

From the dawn period of Palzolithic art the mammoth has been looked upon with wonder and curiosity, 

while the horse has compelled admiration by its beauty and adaptation. This introduces us to a further contrast 

in the fabulous, mythical, and scientific history of both these remarkable mammals, namely, that the fossil 

proboscideans of Quaternary age were the first objects in all parts of the world to arouse scientific curiosity, specu- 

lation, and finally research. In the Eastern world there sprang up around the mammoth a distinct ‘earth-burrow- 

ing’ myth; in the Western world there was the natural Biblical interpretation that the fossil elephants were a 

product of the Flood. 

But the present volume is devoted entirely to the succession of discoveries in various parts of the world, in 

fact in all the continents except Australia. These discoveries through the dawn period of scientific research and 

interpretation have been steadily accumulating. They began in 1695 with the first independent observations on 

the ‘ancient elephant’ by Tentzelius (published in 1698). They culminate in the summary (Chap. X XI) of the 

second volume, in which the full tide of experience and of knowledge brings us to the close of the most complete 

and remarkable evolutionary history of mammalian descent thus far revealed. 

Thus, with only occasional allusion to fabulous and mythologic interpretation which in itself would fill 

volumes teeming with interest, we set ourselves to the task of progressive scientific interpretation: 

First, a period of exploration, discovery, and description which virtually began in 1695 when Tentzelius 

victoriously argued with the doctors of Gotha that he had actually found a fossil or extinct elephant rather than 

the remains of a recent elephant as his colleagues hotly contended; continuing (1) with the special creational 
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influence of Linneus, Buffon, Blumenbach, and Cuvier, and extending through (2) the intermediate period cul- 

minating in the speculations of Hugh Falconer, a contemporary of Darwin; thence (3) into the post-Darwin 

evolution period, through the bypaths and mazes of erroneous speculation on proboscidean descent, and finally 

(4) into the illumination of recent time resulting from twenty-seven years of continuous research by the present 

author in the entire field of proboscidean exploration and discovery. 

In brief, the history of the discovery and interpretation of the fossil proboscideans—mastodonts as well as 

elephants—is coincident and coextensive with the dawn, rise, and development of the science of Vertebrate Pale- 

ontology, coupled with our slowly deepening and broadening penetration into the mysteries, principles, and laws 

of evolution. First, there had to be waged a century-long battle to prove that these more or less petrified speci- 

mens were actually fossils belonging to the still unknown world of extinct life; second, another century passed of 

more or less accurate scientific description and nomenclature, and, finally, a third century of evolutionary inter- 

pretation and adaptation of the nomenclature to evolutionary knowledge. 

In the various chapters of the present Memoir the history of every great proboscidean type is separately 

traced from the beginning to the very end of its scientific interpretation, with the fullest justice to the actual facts 

observed by the authors of each of the four great periods of proboscidean thought. So far as practicable the obser- 

vations are recorded literally in the language of each author, both as a matter of justice and as a practical matter 

of the dissemination of the widely scattered and at present inaccessible literature in many different languages. 

Also, so far as possible, errors of interpretation are omitted, otherwise this volume would embrace a “comedy of 

errors” and one would lose sight of the main lines of actual fact. 

Immense pains have been taken to reproduce every original description in the language of the author, to 

reproduce every original type figure in facsimile, to retain every original generic name to which the author appears 

to be entitled by originality of observation, as fully explained below in the section on nomenclature of the present 

chapter, and finally to give the fullest credit for priority and originality of thought to the great pioneers in prophecy 

and research, among which are the outstanding names of Tentzelius, Blumenbach, Cuvier, and Falconer. 

As to proboscidean bibliography the series of papers bearing on the subject of this Memoir is arranged alpha- 

betically by authors at the close of the present Volume. A clearer idea, however, of the historic development of 

discovery is shown in the following chronologic arrangement of the writers, greatly renowned, less renowned, or 

obscure, who have enlightened us on this great subject, from Tentzelius (1698) to the present time. 

AUTHORS CHRONOLOGICALLY CLASSIFIED BY THEIR EARLIEST AND LATEST WRITINGS 

1. 1698-1836. TrnrzeLius, Burron, Linn=us, BLuMENBAcH, CuvIER PERIOD 

1602 Avalo y Figueroa, Diego de 1767 Baldassari, Giuseppe 1792 Gmelin, Johann Fridrich 

1692 Witsen, Nicolaus 1768 Collinson, Peter 1792 Kerr, Robert 

1693 Ray, John 1769 Hunter, William 1795-1829 Geoffroy Saint-Hilaire, Etienne 

1696 Ludolf, Hiob 1771-1793 Pennant, Thomas 1795-1836 Cuvier, Georges Léopold Chré- 

1698 Tentzelius, Wilhelmus Ernestus 1773 Rozier, Frangois tien Frédéric Dagobert 

1706 Ides, Eberhard Ysbrant 1777 [1780] Pallas, Peter Simon 1799 Corse, John 

1715 Réaumur, René Antoine 1778 Buffon, Georges Louis 1802 Lacépéde, Bernard Germain 

Ferchault de Leclere de Etienne de la Ville 
1729 Sloane, Hans 1779-1810 Blumenbach, Johann Friedrich 1803 Artaud, Soulange 
1734 Beyschlag, Joannes Fridericus 1782-1786 Merck, Johann Heinrich 1807 Adams, Michael 
1734 Seba, Albert 1783 De Hay 1807 Link, Heinrich Friedrich 
1735-1768 Linneus, Carolus 1785 Kennedy, Ildephons 1808-1825 Nesti, Filippo 
1741 Breyne, John Philip 1785 [1788] Joubert de, —— 1808-1837 Fischer de Waldheim, Gotthelf 
1751-1775 ‘Targioni-Tozzetti, Giovanni 1786 Fortis, Giovanni Battista detto 1811 Illiger, Carolus 
1752[1756] Guettard, Jean Etienne Alberto 1814 Rafinesque-Schmaltz, Constan- 
1764 Daubenton, Louis Jean Marie 1788-1803 Camper, Peter _ tine Samuel 
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Tilesius von Tilnau, Wilhelm 
Gottlieb 

Oken, Lorenz 
Smith, William 
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1818 [1821] Sémmerring, Samuel 

1820 
homas von 

Breislak, Scipione 
1820-1823 Borson, Etienne 

1821-1869 
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1832-1841 
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1837 
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1858-1861 
1859 

1860 
1861[1858] 
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1865 
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1867-1868 
1867-1868 
1867-1891 
1867-1896 
1868-1881 
1868-1894 
1869-1878 
1870 

2. 1839-1865. 

Gray, John Edward 
Cooper, William 
Harlan, Richard 
Kaup, Johann Jacob 
Lyell, Charles 
Beechey, F. W. 
Brayley, Edward William 
DeKay, James E. 
Meyer, Hermann von 
Hodgson, Bryan Houghton 
Brandt, Johan Friedrich 
Boué, Ami 
Scholl, Johann Baptist 
Hays, Isaac 
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Klipstein, August von 
Lartet, Edouard 
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Desor, Pierre Jean Edouard 
Duméril, André Marie Constant 
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Morren, Charles 
Strauss, F. C. J. von 
Blainville, Henri Marie 
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Schlotheim, Ernst Friedrich von 
Krier, Johann Friedrich 
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Godman, John D. 
Schinz, Heinrich Rudolf 
Fitzinger, Leopold Joseph 

Franz Johann 
HKichwald, Eduard von 

Burmeister, Hermann 
Briggs, C. 
Mather, William Williams 
Bonaparte, Charles Lucien Jules 

Laurent 
Koch, Albert C. 
Foster, J. W. 
Horner, William E. 
Owen, Richard 
Lichtenstein, Martin Heinrich 

Karl 
Gloger, Constantin W. L. 
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D’Orbigny, Alcide 
Grant, [R.] E. 
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1850-1858 
1850-1857 
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Buckland, William 
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Laurillard, Charles Léopold 
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Gay, Claudio 
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Jager, Georg Friedrich 
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Gibbes, Robert W. 
Quenstedt, Friedrich August von 
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Wagner, Andreas 
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Fraas, Oscar Friedrich von 
Hall, James 
Peters, Karl F. 
Dall, William Healey 
Hayden, Ferdinand Vandeveer 
Gill, Theodore 
Chantre, Ernest 
Lortet, Louis 
Dupont, Edouard Frangois 
Marschall, Augusto de 
Biedermann, W. G. A. 
Davies, William 
Yates, Lorenzo G. 
Bachmann, Isidor 
Christy, Henry 
Dana, James Dwight 
Wallace, Alfred Russel 
Major, Charles Immanuel 

Forsyth 
Coues, Elliott 
Vacek, Michael 
Stefanescu, Gregoritt 
Ameghino, Florentino 
Fuchs, Theodor 
Acconci, Luigi 

1881 
1881 

1881 
1881-1883 
1882-1890 
1882-1890 
1883 
1883 
1883 
1883-1887 
1884 
1884 
1884-1890 

1888-1891 
1889 
1891 
1891 
1891 

Baretti, Martino 
Grewingk, Constantin Caspar 

Andreas 
Hoernes, Rudolf 
Brauns, David August 
Naumann, Edmund 
Nicolucci, Giustiniano 
Jentzsch, Carl Alfred 
Reiss, Wilhelm 
Weinsheimer, Otto 
Howorth, Henry H. 
Fritsch, K. von 
Thomas, Philippe 
Martin, Johann Karl Ludwig 
Koken, Ernst 
Kittl, Ernst Anton Leopold von 
Verri, Antonio 
Jentink, F. A. 
Carles, Enrico de 
Moreno, Francisco P. 
Riitimeyer, Ludwig 
Weithofer, K. Anton 
Baur, Georg 
Botti, Ulderico 
Cantamessa, Filippo 
Filhol, Henri 
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1891 
1893-1911 
1893 

1876-1916 
1883 
1885-1912 
1885-1923 
1888-1908 
1890-1909 
1890-1922 
1890-1933 
1891 
1891 
1891-1901 
1891-1912 
1892 
1892-1934 
1893-1911 

1894-1931 
1898-1912 
1899-1900 
1899-1920 
1899-1926 
1899-1930 
1899-1930 
1900 
1900 
1900-1908 
1901 
1901 
1901-1928 
1902 
1902 
1902 
1902 
1902 
1902-1930 
1903 
1903 
1903 
1903 
1903-1930 
1903 
1903 
1903 

1903-1907 
1903-1911 
1903-1929 
1903-1934 
1904 
1904 
1904 
1904 
1904-1908 
1904-1931 
1905 
1905 
1905 
1905 
1905-1914 
1905-1926 
1905-1926 

Whitfield, Robert Parr 
Hutchinson, Henry Neville 
Philippi, R. A. 

4. 1900-1933. 

Lydekker, Richard 
Branco [Branca], Wilhelm 
Pohlig, Hans 
Depéret, Charles 
Capellini, Giovanni 
Hofmann, Adolf 
Newton, Edwin Tulley 
Barbour, Erwin Hinckley 
Flower, William Henry 
Lenk, H. 
Zittel, Karl Alfred von 
Felix, Johannes 
Wortman, Jacob L. 
Osborn, Henry Fairfield 
Thomas, Michael Rogers 

Oldfield 
Pavlow, Marie 
Lambe, Lawrence Morris 
Tullberg, Tycho Fredrik Hugo 
Boule, Marcellin 
Stehlin, Hans Georg 
Hay, Oliver Perry 
Matthew, William Diller 
Matschie, Paul 
Sclater, William Lutley 
Lucas, Frederick Augustus 
Phillips, P. Lee 
Wiist, Ewald 
Andrews, Charles William 
Andrusov, Nikolai Ivanovich 
Beadnell, Hugh John Llewellyn 
Blake, John Frederick 
Herz, Otto 
Leney, Frank 
Sherborn, Charles Davies 
Bourg de Bozas, Robert 
Clarke, John Mason 
Dawkins, William Boyd 
Nordenskiéld, Erland 
Sternberg, Charles Hazelius 
Stromer, Ernst 
Villada, Manuel Maria 
Zalensky, Vladimir Vladimiro- 

vich 
Bate, Dorothea M. A. 
Schlosser, Max 
Gidley, James Williams 
Gregory, William King 
Bartolotti, C. 
Blanckenhorn, Max 
Palmer, Theodore Sherman 
Seguenza, Luigi 
Dubois, Eugen 
De Lorenzo, Giuseppe 
Anderson, Netta C. 
Maddren, Alfred Geddes 
Pompeckj, Joseph Felix 
Udden, Johan August 
Schuchert, Charles 
Pfizenmayer, E. W. 
Pilgrim, Henry Guy Ellcock 
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1897 

1905-1928 
1906 
1906 
1906 

1906 
1907 
1907 
1907 
1907 
1907-1913 
1907-1928 
1907-1929 
1908 
1908 
1908 
1908-1910 
1908-1911 
1908-1915 
1908-1917 
1908-1923 
1909 
1909-1910 
1909-1911 
1909-1919 
1909-1927 
1909-1930 
1910 
1911 
1911 
1911 
1911 
1911-1922 
1911-1924 
1912 
1912-1924 
1912-1929 
1913 
1913 
1913-1916 
1913-1930 
1914 
1914 
1914 
1914 
1914 
1914 
1914 
1914 
1914 
1914 
1914-1932 
1915 
1915 
1915-1928 
1915-1929 
1916 
1916 
1916 
1917-1922 

1893-1896 Portis, Alessandro 
1894-1895 Hayes, Seth 

Graells, D. Mariano de la Paz 

Hornaday, William Temple 
Beck, Richard 
Noack, Th. 
Tokunaga [Yoshiwara], 

Shigeyasu 
Winge, Herluf 
Barbiani, A. 
Fraas, Eberhard 
Merrill, George Perkins 
Sanderson, George P. 
Scott, William Berryman 
Abel, Othenio 
Pontier, G. 
Brown, Barnum 
Gilmore, Charles Whitney 
Wegner, Richard Nikolaus 
Bach, Franz 
Haug, Emile 
Athanasiu, Sava C. 
Lull, Richard Swann 
Mayet, Lucien 
Quackenbush, L. 8. 
Shimek, Bohumil 
Calvin, Samuel 
Wadia, D. N. 
Freudenberg, Wilhelm 
Cook, Harold James 
Evans, George Henry 
Janensch, Werner 
Sierra, Lorenzo 
Stremme, Hermann 
Terra, Paul de 
Schlesinger, Giinther 
Breuil, Henri 
Khomenko, J. 
Dietrich, Wolfgang O. 
Soergel, Wolfgang 
Hilzheimer, Max 
Zuffardi, P. 
Sellards, Elias Howard 
Woodward, Arthur Smith 
Buwalda, John P. 
Heller, Edmund 
Kato, T. 
Lomnicki, M. 
Newton, Richard Bullen 
Niezabitowski, Edward Lubicz 
Oswald, Felix 
Roosevelt, Theodore 
Sato, Denzo 
Schouteden, Henri 
Reck, Hans 
Gez, Juan W. 
Sinclair, William J. 
Cooper, Clive Forster 
Matsumoto, Hikoshichiré 
Cotter, G. deP. 
Kunz, George Frederick 
Merriam, John Campbell 
Airaghi, Carlo 

1897-1899 
1899 
1899 

1918 
1918 
1918-1927 
1919 
1919 
1919 
1920 
1920-1928 
1921 
1921 
1921-1933 
1922 
1922-1931 
1922-1931 
1922-1932 
1923 
1923 
1923 
1923 
1923 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924-1925 
1925 
1925 
1925 
1925-1928 
1925-1929 
1926 
1926 
1926 
1926 
1926-1927 
1927 
1927 
1927 
1927-1929 
1927-1929 
1927-1931 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928-1929 
1928-1929 

1928-1931 
1929 
1929 

1929-1933 

Trouessart, E. L. 
Heck, L. 
Wagner, George 

PHYLOGENETIC Prertop TERMINATING WITH THE PUBLICATION OF THE PRESENT MEMOIR 

Aichel, Otto 
Fourtau, René 
Stefanescu, Sabba 
Bolk, Louis Carles Enrico de 
Brives, Abel 
Carette, Eduardo 
Thevenin, Armand 
Joleaud, Léonce 
Castellanos, Alfredo 
Neuville, Henri 
Frick, Childs 
Reeds, Chester Albert 
Klahn, Hans 
Revilliod, Pierre 
Haughton, Sidney Henry 
Granger, Walter 
Hartnagel, Chris Andrew 
Petronievics, Branislav 
Reyes, Alicia E. 
Roman, Frédéric 
Capitan, Joseph Louis 
Caterini, Francesco 
Majer, Istvan 
Makiyama, Jiré 
Palmer, Rupert William 
Peyrony, D. 
Stauffer, Clinton R. 
Vaughan, Thomas Wayland 
Zukowsky, Ludwig 
Frade, Fernando 
Lang, Herbert 
Plate, Ludwig 
Sandford, Kenneth Stuart 
Furlong, Eustace L. 
Eales, Nellie B. 
Loomis, Frederic Brewster 
Pohle, Hermann 
Schmidtgen, O. 
Wayland, E. J. 
Hopwood, Arthur Tindell 
Anderson, Robert Van Vleck 
Bather, Francis Arthur 
Culver, Harold E. 
Cabrera, Angel 
Dart, Raymond A. 
D’Erasmo, Geremia 
Belizva, E. 
Broom, Robert 
Fabiani, Ramiro 
Peterson, Olof August 
Romer, Alfred Sherwood 
Stock, Chester 
Uhle, Max 
Borissiak, Alexei Alexievich 
Tolmachoff, Innokenty Pavlo- 

vich 
Spillmann, Franz 
Absolon, Karel 
Anthony, Raoul Louis 

Ferdinand 
Hayasaka, Ichiro 



DISCOVERY OF THE PROBOSCIDEANS 5 

1929 Heurn, F.C. van 1930 Fhik, Julius 1931 Colbert, Edwin Harris 
1929 Prouteaux, M. 1930 Moodie, Roy Lee 1931 Flerov, Constantine C. 
1929 Vaufrey, Raymond 1930 Simionescu, Ioan 1931 Teilhard de Chardin, Pierre 
1929 Yabe, Hisakatsu 1930 Szalai, Tibor 1931-1932 Sunamoto, Etsujiro _ 
1929-1930 Berckhemer, Fritz 1930-1933 Simpson, George Gaylord 1932 Maarel, Frans Henddrik van der 

1933 Koenigswald, Ralph von 
See supplementary Bibliography for 1934 and 1935 at the close of Volume I. 

1. PRINCIPLES OF REVISION OF GENERIC AND SPECIFIC NAMES 

We should always remember that nomenclature is the tool rather than the master of paleeontologic thought; 

also that no technical principles should override the work of the early discoverers and naturalists. 

In revising the seventeenth to early nineteenth century generic and specific names of Proboscidea, the author 

has found it impossible either to adopt any consistent rules of nomenclature or to adhere to the International 

Code of Zoological Nomenclature of the successive editions of 1901 to 1916, which was formulated by zoologists 

for zoologic practice in which the problems are entirely different from those in palzontologic nomenclature. An 

ex post facto code is difficult in zoology; it is impossible in paleontology until after the time of Cuvier. Zoologic 

types are complete individual specimens, whereas the early and some of the more recent palzontologic types are 

often partial, imperfectly known, and still more imperfectly understood. For example, see the succession of 

names applied to the ‘Mammoth,’ which will be fully set forth in Chapter XVIII, Volume II, and to the ‘Mas- 

todon,’ fully set forth in Chapter VI, as well as the generic names listed more fully in chronologic order below. 

CERTAIN OF THE NAMES APPLIED TO THE MAMMOTH AND MASTODON 

Insertions by the author are in square brackets 

1696 Mammonrtova Kosr Ludloff {Ludolf] (Mammontova, probably derived from the Tatar word mama signifying earth, and 
kost signifying ivory tusks). Original citation inaccessible; cited by Fischer de Waldheim (‘‘Oryctographie,” 
III, Fossiles du Gouvern. de Moscou, 1830-1837, p. 111). 

“T. Elephant. 1. Le Mammont . . . Hlephas mammonteus. m. [Fischer, 1830-1837] . . . Je conserve la 
dénomination la plus ancienne, et je n’écris point Mammouth parce que ce nom n’a pris origine que par corruption 
ou une fausse lecture du mot Mammont [Footnote: ‘Mammouurt en russe; le Yer (+) terminal a été changé par les 
anglais en h et le n a été pris pour un u. D’ailleurs Ludloff est le premier qui en parle (1696) et appelle ces 
ossemens Mammontova Kost et justifie ainsi ma dénomination systématique.’].”’ 

Cited by Cuvier (Ann. Mus., VIII, 1806, p. 45): “‘C’est sous le nom de cornes de mammont, mammontova-kost, 
qu’ils désignent les défenses. ”’ 

1788 MammonteumM Camper (Nova Acta Acad. Sci. Imp. Petropol. Communicanda, II, 1787, p. 251). 
[Type: E. primigenius.] ... “os humanum petrifactum, aut fossile, etiamsi Mammonteorum, Elephan- 

torum, . . . Adserere ex eodem principio audeo Mammonteum animal extinctum non modo esse, sed nullam 
omnino habuisse cum Elephanto similitudinem!”’ 

1806 Mastoponte [= Mastodon] Cuvier (Ann. Mus., VIII, 1806, p. 270). 
[Type: M. americanus.] “Sur le Grand Mastodonte, . . . Animal trés-voisin de l’éléphant, mais 4 macheliéres 

hérissées de gros tubercules, dont on trouve les os en divers endroits des deux continens, et surtout prés des bords 
de l’Ohio, dans l’Amérique Septentrionale, improprement nommé Mammoutu par les Anglais et par les habitans des 
Etats-Unis.” 

1816 Mastropon Oken (Lehrb. Naturges., Dritter Theil, p. 789). 
“Mastodon” defined, distinguished from Mammoth and Elephant. Cited: 1. [?tapiroides] Montabusard, 

Saxony. 2. M. of Simorre [angustidens]. 3. M. of Chile [humboldtiz]. 4. M. of Cordilleras [andiwm]. 5. M. of 
Ohio [americanus]. 

The full and most confusing chronologic sequence of nomenclature of the Mammoth and the Mastodon 

is set forth in detail in Chapters XVIII, Volume II, and VI, of which the above are examples. 

In surveying the above names the question arises whether Mammonteum Camper, 1788, may be regarded as 

a genus with Elephas primigenius as the type; also, what is the proper orthography of the word Mastodonte G. 
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Cuvier, 1806, as compared with the word Loxodonte F. Cuvier, 1825. If Loxodonte is changed to Loxodonta as by 

some authors, why not change Mastodonte to Mastodonta? Similar difficulties arise in connection with every 

generic name proposed for the Proboscidea, excepting only the original Elephas Linnzeus, and even with Elephas 

we are in difficulties, because the Ceylon species, H. indicus Linn., 1754, is not admitted by the Code as antedating 

E. maximus Linn., 1758. Cuvier, the founder of vertebrate paleontology and the first to clearly conceive 

and define the real characters of these extinct mammals, was the last to adopt the Linnean binomial terminology. 

Blumenbach first called the American mastodon Ohio-Incognitum, and then Mammut ohioticum, because he entirely 

lacked the comparative anatomical genius of Cuvier. 

LINN AN SPECIAL CREATION SysTEM (1735-1766) 

The early editions (I to IX inclusive) of the “Systema Nature”’ of Linnzus are not accepted in the Inter- 

national Code of Zoological Nomenclature. It is important to note that Linnzus used the term Elephas indicus 

in 1754 and called the same animal Elephas maximus in 1758 (“Systema Nature,’ 1758, p. 33). The Editio 

Decima, Reformata, of the ‘Systema Nature”’ by Caroli Linnei, 1758, is accepted in the International Code as the 

starting point of modern systematic zoology. In Chapter XX (the Elephantinz) the specific nomenclature 

under Elephas will be fully discussed. 

(Osborn, “From the Greeks to Darwin,’’ 1894, pp. 128-130): Finally the turning-point to modern ZoGlogy and Botany 
was marked by the great work of Linneus, the Systema Nature. The binary system of nomenclature therein proposed was a 
mere tool for the expression of his broad conceptions of the relation of animals and plants to each other. Species were in his 
mind the units of direct Creation; each species bore the impression of the thought of the Creator, not only in its external form 
but in its anatomical structure, its faculties, its functions; and the end of classification was to consider all these facts and to 
arrange animals in a natural system according to their greater or less likeness . . . he adopted the aphorism of Leibnitz natura 
non facit saltum; to him every species was exactly intermediate between two others: ‘We reckon as many species as issued in 
pairs from the hands of the Creator.’ These were his earlier views in all his writings between 1735 and 1751, in which the 
sentence nullz specie nove recurs, expressing his idea of the absolute fixity of species from the period of their creation as de- 
scribed in Genesis, the only change being that of the extension in numbers, not of variation in kind. Yet Linneus was too 
close an observer to continue to hold this idea of absolute fixity, and in 1762 we find his views had somewhat altered, and 
this is of particular interest because of the hypothesis which he advanced to explain the origin of new species: ‘All the species 
of one genus constituted at first (that is, at the Creation) one species, ab initio wnam constituerint speciem; they were subse- 
quently multiplied by hybrid generation, that is, by intercrossing with other species.’ He was thus inclined to admit a great 
increase of species, more or less recent in origin, arising by hybridity, and losing their perfection of type. He elsewhere sug- 
gested that degeneration was the result of the influences of climate or environment. In the last and thoroughly revised edition 
of the Systema Nature, which appeared in 1766, we no longer find this fundamental proposition of his earlier works, nullz 
Specie nove. 

NOMENCLATURAL PRINCIPLES ADOPTED IN THE PRESENT MEMOIR 

In the present revision the author has therefore adopted four principles as applicable up to the year 1836. 

1) Recognition of priority of conception and of definition rather than of technical priority of the name. 
2) Principle of soundly established usage and of common sense. 
8) Principle of selection of the first generic or specific name founded on a clearly established character or a clearly designated type. 
4) Well-known principle of ‘elimination’ of species which do not belong, and of ‘restriction’ to species which do belong to the genus. 

The need for such common-sense principles may be illustrated by the case of the names applied to the 

Mammoth and the Mastodon. The early writers on fossil Proboscidea were without the guidance of modern 

rules of nomenclature now embodied in the International Code, either as regards: (1) The orthography or ety- 

mology of names, or (2) the designation of type specimens, or (3) the consideration of priority of publication; nor 

did they realize the value of (4) the Linnean classic orthography, nor (5) the designation of the type locality, nor 

(6) the geologic level or formation in which types occur. 

Consequently to rob Cuvier of his clear conception of grinding tooth structure, which he termed Mastodonte, 

and to substitute the barbaric term Mammut, signifying ‘earth-burrower,’ would be gross injustice to the founder 

of vertebrate paleontology. 
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PRINCIPLE OF SOUNDLY EsTaBLISHED USAGE AND OF COMMON SENSE 

Osborn’s second principle of nomenclature accords in general with the successive revisions by G. Cuvier 

(1799, 1806), by Oken (1816), by G. Cuvier (1817), by Lartet (1836), by Burmeister (1837), by De Blainville 

(1839-1864), by Gloger (1841), by D’Orbigny (1842), by Falconer (1846, 1857, 1865, 1868), by Laurillard (1846), 

by Pictet (1853), by Leidy (1869), by Cope (1889), and by Trouessart (1899). 

BARBARIC AND Ciassic TERMS APPLIED TO ELEPHAS PRIMIGENIUS.—The mammoth (Elephas primigenius 

of Eurasia) received a series of christenings beginning in 1696 when Ludolf termed the mammoth “‘Mammontova 

Kost,” a term cited by Cuvier (1806.1, p. 45), also by Fischer de Waldheim (1830-1837) who insisted that Mammont 

is the proper expression of the Russian vernacular and that Mammouth is a corruption. Camper’s Mammonteum 

(1788) is cited by Leidy (1869, p. 392). This serves to show that in the nomenclature of the seventeenth and 

eighteenth centuries the terms Mammont and Mammouth were repeatedly applied both in vernacular and in 

scientific usage to the animal now known as Elephas primigenius. Camper’s Latin term Mammonteum, by trans- 

position Mammonteus, is the first classic term applied to the mammoth; a full list of the terms subsequently 

applied will be cited in Volume II. 

BaRBARIC AND CxLaAssic TERMS APPLIED TO MASTODON AMERICANUS.—The corrupt vernacular name 

Mammut Blumenbach (1799), although preoccupied in the vernacular for Elephas primigenius and a synonym 

of Ohio Blum. (1797.2), was revived as a genus for the American mastodon by Hay (1902); so far as we know 

Hay was the first author to recognize Blumenbach’s vernacular term Mammut, a term not employed in the 

designation of the type figures by Blumenbach himself. Our greatest American authority on generic names, 

Palmer (1904), following Hay, has accepted Mammut (op. cit., 1904, p. 397); it has also been adopted by Lull 

(1908). It certainly seems in the interest of paleontology to regard the term Mammut as technically pre- 

occupied by Ohio-Incognitum Blum. and in historic justice to Cuvier to retain firmly in proboscidean nomen- 

clature the appropriate historic name Mastodon Cuvier. 

De Blainville’s citations (1839-1864, p. 245) of the barbaric and classic generic names applied to Mastodon 

americanus are as follows: 
1° Le Granp Mastoponte. 

Ohio incognitum, Blumenbach. Abildungen, n° 19 ,1797- 

Elephas Americanus, Pennant. 

Mammouth Ohioticum, Blumenbach. Manuel d'Hist. nat. 

E. Americanus, molaribus multicuspidibus, lamellis post detri- 

tionem quadri-lobatis, G. Cuvier, sur les esp. d'Eléph. viv. et foss. 

1798. 

Mastodon giganteum , G. Cuvier. Ann. du Mus. VA, p. 270, pl. 49-56, 

1808. 

‘MASTODON’ SOUNDLY ESTABLISHED FOR MASTODON AMERICANUS.—Towards the beginning of the eighteenth 

century the American mastodon was discovered. In 1771 Pennant named this animal the American Elephant. In 

1792 Kerr named this animal Elephas americanus; in 1797 Blumenbach (1797.2, Abbildungen, No. 19) first named 

and figured it as Ohio-Incognitum; in 1799 he named it Mammut ohioticum, using the preoccupied word Mam- 

mut, but in 1810 (Abbildungen, No. 19) he again reproduced this figure with the name Ohio-Incognitum on the 

plate. According to Falconer (1846, p. 18) and De Blainville (1839-1864, p. 245) the name Mastodon giganteum 

Cuvier dates 1805; this date is not accepted by Leidy (1869, p. 393) or Palmer (1904, p. 401). In 1806 Cuvier 

described the animal as ‘‘Le Grand Mastodonte,” after defining the term in earlier papers (see De Blainville, 

1839-1864, p. 245). Cuvier did not at the time adhere to the Linnzan classic orthography in naming his genera, 
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e.g., Mastodonte (= Mastodon). His name was cited, however, by Oken in 1816 as Mastodon and by Cuvier 

himself as Mastodon in 1817. 

Cuvier’s admirable selection of the diagnostic name Mastodon, which has since been reprinted millions of 

times in all the scientific and popular literature, should not be set aside for any form of the barbaric and pre- 

occupied term Mammut. 

Post-1836-SELECTION OF THE First SOUNDLY ESTABLISHED GENERIC OR SPECIFIC NAME 

Osborn’s third principle of paleeontologic nomenclature is of an entirely different kind; it applies to the 

rules which should govern us in the selection of generic names founded on two or more species which are now 

known to belong to one or more different genera, e.g., the name Trilophodon Falconer, et seq. 

In the chronologic list of Generic Names and Genotypic Species given below, in each instance the following 

eight rules are observed: 

(1) The original orthography is replaced by the classic orthography. 
(2) The earliest known use of the name is cited in the author’s orthography. 
(3) The words nomen nudum indicate that the author gave no definition by which the ‘species’ could be determined; or that the name 

is @ synonym. 

(4) The earliest type figure is cited and where valid and available is reproduced. 
(5) The genotype species are invariably cited in the order given by the original author. 
(6) The geographic locality is cited where given (= Hab.). 
(7) The geologic age or level is cited also (= Type loc.). 
(8) The name or specific determination adopted by the present author is given. 

Important Note.—Few if any of the eight principles of the selection of generic or specific names can with fair- 

ness be applied retroactively to the 1698-1836 Cuvierian period, as listed above. A notable illustration of the 

perils attached to such procedure is afforded by the first mentioned type specimen of the species Hlephas primigenius 

Blum.; in this classic description Blumenbach first refers to the fossil skeleton described by Tentzelius as un- 

earthed at Burgtonna near Gotha; this skeleton is now positively known to be a specimen of the straight-tusked 

elephant named Elephas antiquus by Falconer in 1847, 1857. The technical type of Hlephas primigenius Blum. 

is the specifie type of Elephas antiquus Fale. Technically, therefore, the species named primigenius antedates the 

species named antiquus. Imagine the dislocation of the entire literature of the Proboscidea if the name antiquus 

were substituted for the name primigenius on technical grounds covering the modern selection of the type, holo- 

type, cotype, ete. 

DETERMINATION OF THE CHARACTERS, VALIDITY, AND NAMES OF SPECIFIC TYPES 

Beginning with the close of the Cuvierian period in the year 1836, we may with greater justice apply the 

modern principles of paleontologic nomenclature which came into being during the Darwinian period (1859- 

1894) and which have been gradually clarified and intensified in the phylogenetic period (1900-1933). During the 

phylogenetic period two important steps have been taken: First, in revising the work of Cope, Leidy, and Marsh, 

Osborn discovered that the type locality and geologic level were of extreme importance in the study of phyletic 

series of species; second, Schuchert and others sharpened and clarified the conception of the word type, which may 

have an entirely different significance in palzeontology from that conveyed in zoology. Accordingly the modern 

technical procedure may be summarized under the following eleven rules: 

(1) We must first determine the geographic locality and where possible the geologic level as the starting point of the 
determination of the characters of the type, because both these facts have a very important bearing on generic and specific defini- 
tion. Experience teaches that the characters of the original type specimen, the geographic locality, and the geologic level on which 
the specimen was found afford the permanent facts to which all questions of nomenclature must finally be referred in mono- 
graphic investigation. 

(2) The type, where not specifically designated by the original author, is chosen (lectotype) as the first specimen men- 
tioned, the first described, the first figured by the author, consequently great attention has been paid in this Iconography to 
the selection of the particular specimen or specimens which conform with the author’s first description and definition. 



DISCOVERY OF THE PROBOSCIDEANS 9 

(3) Do not confuse the holotype characters with other characters based on cotype, paratype, or neotype specimens which 
the author may have erroneously considered as belonging to the same species as the type. Much of the early systematic work 
on the Proboscidea was done without discrimination between the permanent facts to be derived from the type specimen and 
the opinions which the original or subsequent authors derived from erroneously associated specimens. Osborn’s rule is that 
specific definition must be based on original types or holotypes only, unless there is absolutely no possibility of doubt that the 
associated specimens are of the same geologic level and belong to the same species. 

Osborn’s usage of the terms type (holotype), cotype, paratype, lectotype, and neotype conforms in general with that of 
Oldfield Thomas (1893), of Cossmann (1904), of Schuchert (1905.1, 1905.2), and of Osborn (1918.473). 

(4) Type=Ho.oryrer. A particular individual specimen “deliberately selected by the author of a species, or it may be 
the only example of a species known at the time of original publication. A holotype therefore is always a single individual, but 
may embrace one or more parts, as the skin, skeleton, or other portions’ (Schuchert, 1905.2, p. 10). The holotype must 
usually be determined from the original description. 

(5) Coryprs=CodrDINATE OR EquivaLent Typrs. This term is applicable when the author’s type description refers 
to two or more individuals without selecting or designating one as the holotype, so that all appear to be identified equally, by the 
original author, with the specific name given. Osborn’s custom in such cases is to designate as the type (lectotype) the 
specimen first mentioned, described, or figured. 

(6) Paratypr=SuBoRDINATE OR SUPPLEMENTARY Typr. Besides the particular individual specimen deliberately 
selected by the author of a species as the type, other specimens mentioned or enumerated in the original description which may 
supplement the characters of the type may be chosen as paratypes. This procedure is especially valuable in paleontology, for 
the type specimen very seldom consists of a complete individual. ‘ 

(7) LecrorypE=Cuosen Type. ‘Where the original diagnosis is without illustrations or is accompanied by figures 
based on two or more specimens, the first subsequent author is at liberty to select from these cotypes a type for the old species, 
adhering, as far as can be ascertained, to the intention of the original author. Such a type specimen is to be designated as a 
Lecrotyrr (=achosen type).”’ (Schuchert, 1905.2, p 12). The lectotype practice of Osborn in paleontology is either (a) to 
select the first individual specimen named by the original author, because it sometimes happens that the second individual 
specimen belongs to a distinct species, or (b) to select the specimen to which the specific name or description obviously refers. 

(8) Nrotrype=New Tyrer. Defined by Schuchert (1905.2, p. 14) as a new ‘supplementary type selected by an author, 
on which a species is to rest because of the loss of the original type or where the original material still extant is so poor 
or fragmentary that from it the characters of the species can not be determined with certainty.” Great care must be taken 
that the neotype comes from the same geologic level as the type. 

(9) Meratypr. Defined by Schuchert, after Thomas (Schuchert, 1905.2, p. 14) as “‘A specimen received from the original 
locality [in paleontology, the exact stratum as well] after the description has been published, but determined as belonging to 
his own species by the original describer himself.’ ”’ 

(10) Tororyrr (Schuchert, 1905.2, p. 14). ‘In paleontology it is further demanded that the topotype should come not 
only from the exact locality but also from the identical stratum that furnished the species.” 

(11) Ipkorypr (Schuchert, 1905.2, p. 15). ‘‘These are the specimens from any place except the original locality, named 
by an author of a species after publication [e.g., M. sivalensis].” 

2. REVISION AND ADOPTION OF GENERIC NAMES OF PROBOSCIDEA 

We now come to the practical test of the above principles of nomenclature in vertebrate paleontology and 

find that step by step the application of these principles enables us to do full justice to the work of the great leaders 

and discoverers in proboscidean paleontology, such as Cuvier and Falconer, only by setting aside in certain cases the 

generic and specific names proposed by revisers and reviewers of less authority and of little or no original thought. 

The student will observe the following five points: 

(1) Great confusion exists in the use of the eighty or more generic names which have been proposed for the Proboscidea. 
(2) Much research has previously been devoted to the revision of this nomenclature by De Blainville, Falconer, Leidy, Cope, 

Trouessart, Ameghino, Palmer, Hay, Matthew, Lull, Schlesinger, and Freudenberg. In the preparation of the present Memoir 
the author has enjoyed the cordial coéperation of the late Joel A. Allen dean of American mammalogists and highest American 
authority on zoological nomenclature, of T. 8. Palmer author of the invaluable ‘Index Generum Mammalium,”’ of the late 
W. D. Matthew who devoted much time and thought to this subject; also of the British Museum authorities, Oldfield Thomas, 
Charles W. Andrews, and F. A. Bather, as well as C. Davies Sherborn author of the “Index Animalium.”’ 

(3) The notes and correspondence relating to this difficult subject are bound and filed in the Osborn Library, including 
the author’s inquiries and replies, under the title: OSsBoRN’s CORRESPONDENCE, NOMENCLATURE OF THE ProposcipnA, 1921-1935. 
As in the case of the revision of species, reference is made to these notes and letters as, for example: (Allen, letter, 1921). 

(4) The reader will observe between 1758 and 1931 a progressive departure from the Linnzan conception of a genus. The 
generic names first proposed are really collective or group names, e.g., Elephas equals all elephants, Mastodon equals all masto- 
donts, T'rilophodon equals all mastodonts with three crests in the intermediate molars. Even so recently as 1886 Lydekker em- 
braced all known elephants, recent or fossil, under the single term Hlephas, and all known mastodonts under the single term 
Mastodon; Freudenberg (1922) has followed this practice. 

(5) Recently certain authors who have gone to the opposite extreme have proposed new generic names based on single 
characters or single stages of evolution. 
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A. EXAMPLES oF NAMES OF PrioR GENERIC CONCEPTION AND DEFINITION, WITH 

CLassic OrnTHOGRAPHY. As ADOPTED BY OSBORN UP TO THE YEAR 1923 

The generic names proposed or adopted since 1923 are listed below (p. 11) 

Exeruas Linneus, 1735-1758, for all the elephants of Indian type. Type Elephas indicus =mazimus. 

Mammonteus Camper, 1788. Type Elephas primigenius. This Latinized vernacular name (Mammonteum Camper) pre- 

occupies the long series of generic names subsequently applied to the Mammoth, e.g., Dicyclotherium, Cheirolites, Syno- 

dontherium, and Polydiskodon. 
Mastopon G. Cuvier, 1806, 1817, for all the zygolophodont mastodonts which are actually related to the genotypic species 

M. americanus. 
Loxoponta F. Cuvier, 1825, 1827, for all the elephants of African type. Type Elephas africanus. 

DeEINOTHERIUM Kaup, 1829, for all the Deinotheres. Type Deinotheriwm giganteum. 

Srrcopon Falconer and Cautley, 1846 [1847], 1857, for all pro-elephants which resemble the genotypic species E. cliftii, E 

bombifrons, EL. ganesa, E. insignis. 
Anancus Aymard, 1855, for all the bunolophodont, brevirostrine mastodonts which are closely related to Aymard’s genotypic 

species Anancus macroplus=M. arvernensis. 
TrILOPHODON Falconer, 1846-1857, collective name, restricted to M. angustidens. 

TETRALOPHODON Falconer, 1847-1857, collective name, restricted to M. longirostris. 

PENTALOPHODON Falconer, 1857-1865, collective name, restricted to M. siwalensis. 

RuyncuornertuM Faleoner, 1856-1868, based upon a very distinctive kind of lower jaw from Mexico and including a large 

number of American forms of similar character. Type Rhynchotherium tlascalz. 
ZyGoLoPHopoN Vacek, 1877, an excellent genus based on the species M. borsoni, M. turicensis, M. tapiroides, M. pyrenaicus, 

all of which are probably interrelated and are certainly distinct from the ancestry of M. americanus. Osborn (1926.706) 

removed M. turicensis from Zygolophodon making it the type of the genus Turicius. He also refers M. tapzroides to 

the genus Turicius. 
Arcuipiskopon Pohlig, 1885-1888, founded on the very distinctive specific types Elephas planifrons and E. meridionalis. 

Pataomastopon Andrews, 1901, founded on the very distinctive type P. beadnelli. 
MeritHertum Andrews, 1901, for all the true Meeritheres. Type Meritherium lyonst. 
Pxuromra Andrews and Beadnell, 1902, founded on the very distinctive type Phiomia serridens. 

B. INDETERMINATE NAMES, COLLECTIVE OR SECTION NAMES 

Unfortunately several of the remaining sixty or more generic names which have been proposed do not rest 

on such indisputable grounds of clear conception and definition as the above. The erroneous or invalid names fall 

into four categories: 

(1) Indeterminate names, that is, names defined without a clear conception of generic characters or without a clear designa- 

tion of the genotypic species, or with an erroneous designation of genotypic species, or other obvious misconceptions. Examples 

of such names are Chio Blum., 1797, Mammut Blum., 1799, Gomphotherium Burm., 1837=Gamphotherium Gloger, Czno- 

basileus Cope, 1877, Hemimastodon Pilgrim, 1912, Promastodon Pohlig, 1912, also Choerolophodon Schlesinger, 1917. 

(2) Collective, Section or Growp Names. Names founded on parallel or convergent dental characters which arise entirely 

independently within different genera and different phyla. The earliest outstanding examples of this kind are Falconer’s collec- 

tive section or group names, T’rilophodon, Tetralophodon, and Pentalophodon, e.g. : 
Trilophodon Fale., 1846-1857, first used as a Section to include Mastodon ohioticus, Deinotherium giganteum, M. tapirotdes, 

M. angustidens, and M. andium, species with three-crested intermediate molars. 
Trilophodon Falc., 1857, subsequently defined as a subgenus, with the genotypic species M. angustidens. 

Tetralophodon Falec., 1847-1857, first used as a Section to include Mastodon perimensis, M. sivalensis, M. arvernensis, M. 

longirostris, and M. latidens, species with four-crested intermediate molars. 
Tetralophodon Warren, 1852, with the genotypic species: M. latidens [=Stegolophodon], M. arvernensis [= Anan- 

cus], and M. sivalensis [= Pentalophodon]. These species obviously belong to several distinct genera or phyla. 
Tetralophodon Falc., 1857, subsequently defined as a subgenus, with M. longirostris as the genotypic species. 

a ee ata Fale., 1857-1865, defined to include species with five-crested intermediate molars; genotypic species M. 

sivalensis. 

(3) Collective or group names founded upon an erroneous assemblage of species belonging to two or more different genera or 

phyla. Examples of names of this kind are in chronologic order as follows: 
Mastotherium Fischer, 1814. Genotypic species: M. megalodon [= Mastodon], M. leptodon [=Trilophodon], M. microdon 

[= Turicius], M. hyodon [= Cordillerion|. 
Bunolophodon Vacek, 1877. Genotypic species: M. arvernensis [=Anancus], M. pentelicus [= Trilophodon (Choerolopho- 

don)], M. atticus [=Turicius], M. longirostris [= Tetralophodon], M. angustidens [= Trilophodon|. 
Dibelodon Cope, 1884. Genotypic species: D. shepardi [= Rhynchotherium]. Referred: D. tropicus [=Cordillerion], D. 

humboldtii |= Cuvieronius]. 
Tetrabelodon, Cope, 1884. Genotypic species: 7. angustidens [=Trilophodon]. Referred: T. andium [=Cordillerion], T. 

productus = Serridentinus]. 
Polydiskodon Pohlig, 1885-1888. Genotypic species: Elephas primigenius [=Mammonteus], E. indicus |=Elephas], E. 

namadicus {= Palzoloxodon]. 
(4) Obvious synonyms, as listed below, which are also frequently collective, are readily disposed of, e.g.: 
Euelephas Fale., 1857. Genotypic species: EF. indicus [=Elephas], E. armeniacus [=Parelephas], ?E. hysudricus 

[= Elephas (Hypselephas)]. 
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SEVERAL DispuTABLE NAmEs.—From the above analysis it appears that there remain several generic names 

improperly defined and as to the validity of which there may be decided differences of opinion, namely, Gampho- 

therium Gloger, 1841, Trilophodon Falc., 1846-1857, Tetralophodon Falc., 1847-1857, Pentalophodon Fale., 1857- 

1865, Mastotherium Fisch., 1814, Bunolophodon Vacek, 1877, Dibelodon Cope, 1884, Tetrabelodon Cope, 1884, and 

Polydiskodon Pohlig, 1885-1888. 

It is in the usage of such names that the widest differences of opinion have been manifested and that the 

greatest confusion as to the true phylogenetic evolution of the Proboscidea has arisen, for the common reason that 

all these names were founded on misconceptions of true relationships. It is in such a group of names also that it 

proves impossible to adopt any uniformly consistent principle of revision. Consequently for reasons more fully 

stated below we have cut the Gordian knot by courtesy to Falconer and have adopted three collective generic 

names, as follows: 

Trilophodon Fale., 1846-1857, collective name, restricted to M. angustidens. 
Tetralophodon Fale., 1847-1857, collective name, restricted to M. longirostris. 
Pentalophodon Falc., 1857-1865, collective name, restricted to M. sivalensis. 

We have eliminated five other collective names, because they are synonyms of collective names previously 

proposed, namely: 

Mastotherium Fischer, 1814, collective name, also a synonym of Mastodon, etc. 
Bunolophodon Vacek, 1877, collective name, also a synonym of Anancus, of Tetralophodon, of Trilophodon. 
Dibelodon Cope, 1884, collective name, also a synonym (in part) of Mastotherium and of Tetrabelodon. 
Tetrabelodon Cope, 1884, collective name, also a synonym of T’rilophodon and of Dibelodon. 
Polydiskodon Pohlig, 1885-1888, collective name, also a synonym of Mammonteus, of Elephas, and of Loxodonta. 

SuMMARY OF ToTaL GENERIC NAMES ADOPTED UP TO THE END OF THE YBAR 1933 

The sixteen generic names adopted up to the year 1923 as representing distinct and separate phyla, namely, 

Elephas, Mammonteus, Mastodon, Loxodonta, Deinotherium, Stegodon, Anancus, Trilophodon, Tetralophodon, 

Pentalophodon, Rhynchotherium, Zygolophodon, Archidiskodon, Palxomastodon, Meritherium, and Phiomia, are 

now amplified by the adoption of Stegomastodon, Eubelodon, Stegolophodon, Miomastodon, Cuvieronius, 

Serridentinus, Ocalientinus, Serbelodon, Parelephas, Pliomastodon, Turicius, Palxoloxodon, Cordillerion, Amebel- 

odon, Platybelodon, Synconolophus, Notiomastodon, Hesperoloxodon, Platelephas, (?) Hypselephas, Trobelodon, 

Blickotherium, and Aybelodon. 

The addition of twenty-three generic names to the sixteen first listed, making thirty-nine’ in all, does not 

signify the discovery of thirty-nine' distinct phyla or branches, because certain of these genera represent geologic 

sections in certain branches; for example, it is probable that Miomastodon, Pliomastodon, and Mastodon were 

actually successive genera; similarly that Phiomia branched into Amebelodon. 

Eliminating such succession of genera, we have thus far discovered no less than TWENTY-SIX GREAT PHYLA in 

which our knowledge includes one or more sections conveniently designated as GENERA. 

SreGomastTopon Pohlig, 1912, founded on the Mastodon mirificus of Leidy 
EvuBELopon Barbour, 1914. Type Eubelodon morrilli, a single individual from Devil’s Gulch, Nebraska. 
SrecoLopHopon Schlesinger, 1917, founded on the distinctive type of Mastodon latidens Clift. 
Mromastopon Osborn, 1922. Type Mastodon merriami, a Middle Miocene mastodont intermediate in character between Palzo- 

mastodon and Mastodon. 
Cuvirrontus Osborn, 1923, based upon the species Mastodon humboldtii Cuvier, characterized by double trefoils and tusks 

without enamel band. 
SERRIDENTINUS Osborn, 1923. Genotypic species: Mastodon productus Cope, M. serridens Cope, M. floridanus Leidy, M. 

obscurus Leidy, and Serridentinus |= Trilophodon] simplicidens Osborn. 

‘Forty-one by the addition of Torynobelodon and Gnathabelodon. 
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PARELEPHAS Osborn, 1924. Upper Pliocene to Upper Pleistocene genus based on the species Elephas jeffersonii Osborn, of 

Indiana. 
Puromastopon Osborn, 1926, a Pliocene stage based on the species first described by Osborn as Mastodon matthew, subse- 

quently as Pliomastodon matthewt. 
PaLtmoLoxopon Matsumoto, 1924, founded on Hlephas namadicus naumanni Makiyama. 
Turicrus Osborn, 1926, based on Mastodon turicensis Schinz, one of the genotypes of Zygolophodon Vacek, 1877. 
CorpILLERION Osborn, 1926. Type Mastodon andium Cuvier, characterized by single trefoils and spirally twisted tusks with 

enamel band. 
AMEBELODON Barbour, 1927. Type Amebelodon fricki, distinguished especially by its shovel-shaped tusks. 
PLATYBELODON Borissiak, 1928. Type Platybelodon danovi, distinguished especially by its flat tusks. 
SynconoLopuus Osborn, 1929. Type Synconolophus dhokpathanensis, a very progressive species of this phylum from the 

Middle Pliocene of India. 
Norromasropon Cabrera, 1929, founded on the distinctive type Notiomastodon ornatus. 
Hesprerotoxopon! Osborn, 1931, provisionally proposed, with Palzolorodon antiquus italicus as the type, representing a 

phylum quite distinct from that of ‘Elephas namadicus’ of the Siwaliks. 
Burckxotuerium Frick, 1933. Type Blickotherium blicki Frick. A Rhynchorostrine with peculiarly formed symphysis and 

laterally compressed, enamel-banded incisors. 
AyseLopon Frick, 1933. Type Aybelodon hondurensis Frick. A Rhynchorostrine with slender jaws, upcurved rostrum, and 

enamelless tusks. 
Trosetopon Frick, 1933. Type Trobelodon taoensis Frick. Of Serridentine relationship. 
OcauientINUS Frick, 1933. Type Ocalientinus ojocaliensis Frick. Serridentine grinders, abbreviate cranium, and elongate, 

troughlike rostrum. 
SERBELODON Frick, 1933. Type Serbelodonbarbourensis Frick. Short, broad symphysis and laterally flattened incisors. 
PLATELEPHAS gen. noy.!_ Type Elephas platycephalus Osborn, having a relatively elongate, dolichocephalic, and platycephalic 

cranium. 
Hypseepuas gen. noy.! Genotypic species: Elephas hysudricus Falconer, 1845, 1846, and Hlephas platycephalus angustidens 

Osborn, 1929. 

3. PHYLOGENETIC NOMENCLATURE AND CLASSIFICATION ADOPTED IN THE PRESENT 

MEMOIR 

Modern terminology and classification express the discovery of lines of descent. As clearly shown in Chapter 

II of the present Memoir, the Osborn phylogenetic system (1892-1931) adapts the Linnzean ‘special creation’ 

nomenclature to the Darwinian ‘divergent-evolution’ principle of descent. As set forth in a long series of writings 

on this subject, beginning with Osborn, 1892.67, an essential outcome of Darwinism is the substitution of a 

nomenclature conformable to the divergent branching or polyphyletic adaptations of the Proboscidea to diverse 

habitats and different feeding habits. 

EvoLuTionary Stace Tueory. In the 14th edition (1929) of the Encyclopaedia Britannica the articles 

ProposcipEA, ELEPHANT, MAmmotu, and Masropon summarize the general knowledge of these animals as 

prevailing in the decades previous to the year 1929. These divide the Proboscidea into the following nine stages: 

Ist Stage. Mcritheritwm, Upper Eocene of Egypt. Very primitive. 
2d Stage. Palzxomastodon, Lower Oligocene of Egypt. Great advance on Meritherium. 
3d Stage. Tetrabelodon angustidens, Lower Middle Miocene of Europe. Advance on Palzomastodon. 
4th Stage. Tetrabelodon longirostris, Pliocene of Europe. In external appearance entirely elephantine. 
5th Stage. Mastodon, Pleistocene. Terminal stage of the mastodonts. 
6th Stage. Deinotherium, Mio-Pliocene of Eurasia. Side branch. 
7th Stage. Stegodon, Pliocene of India. Transitional to the elephants. 
8th Stage. Hlephas antiquus of Eurasia and other Plio-Pleistocene species. 
9th Stage. EHlephas maximus, E. africanus, of India and Africa. 

The arrangement of the Proboscidea in these nine stages accords with the outworn belief among zoologists 

that one or more of these stages represents a successive or ascending order; for example, that Meritherium gives 

rise to Palzomastodon, as, in turn, Mastodon passes into Stegodon and then into Elephas. This prevailing belief 

is entirely erroneous; it is a vestige of monophyletic theories of animal descent which in the past have been largely 

due to the breaks and gaps in our palzontologic collections. Now that these gaps are in a great measure filled 

by discovery and these animals intensively studied, the older monophyletic theories prove to be illusory; they 

Description in forthcoming Volume II (The Elephantoidea). 



DISCOVERY OF THE PROBOSCIDEANS 13 

are wholly superseded and replaced by polyphyletic systems in which each of the generic phyla, even of the Oligo- 

cene, passes back into fundamental divisions that occurred during Eocene times. It is proven that the divergence 

or branching of the Proboscidea, like that of all other ungulates, was well advanced in the Eocene. 

In brief, it becomes necessary to replace the old evolutionary stage theory by the new polyphyletic adaptive 

radiation theory of Osborn. 

POLYPHYLETIC ADAPTIVE RapiaTION THEORY.—Each of the successive chapters of this Memoir (Chap. IT, 

“Origin and Classification of the Proboscidea,”’ to Chap. XX, ‘The Subfamily Elephantinz’’) contains a full 

exposition not only of the principles of adaptive radiation but of the necessary modification of the nomenclature 

by polyphyletic discovery. Finally in Chapter X XI (Affinities, Migrations, and Phylogeny’’) the whole subject 

of the adaptive evolution of the Proboscidea along polyphyletic lines is fully set forth. 

Each of the forty-one genera finally established in the present Memoir represents a clearly distinct stage 

of descent; for example, it has very recently been determined that the line of descent terminating in the ‘Elephas 

namadicus’ of India is quite distinct from the line of descent terminating in the ‘Elephas antiquus italicus’ of 

western Europe. 

generic names must be applied to these two lines of descent and to their African relatives, namely: 

It follows that, not only as a matter of convenience but as an expression of truth, different 

Elephas antiquus line of descent = Hesperoloxodon Osborn, 1931. 

Elephas namadicus line of descent = Palxoloxodon Matsumoto, 1924. 

Elephas africanus line of descent = Loxodonta F. Cuvier, 1825, 1827. 

Thus our modern phylogenetic knowledge completely revolutionizes all the older taxonomic systems and 

theories. 
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PRESENT AUTHOR. RESTORATIONS BY MarGret Furscn (1932), UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

All figures one-hundredth natural size, excepting 14 which is one thirty-fourth natural size. 

1,14 Meritherium lyonsi Andrews. 
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3. Trilophodon angustidens Cuvier. 
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Eubelodon morrilli Barbour. 

Cordillerion andium Cuvier. 

Cuvieronius superbus Ameghino. 

Stegodon ganesa Falconer. 

Stegodon trigonocephalus Martin. 

Archidiskodon imperator Leidy. 

Parelephas jeffersonii Osborn. 

Mammonteus primigenius Blumenbach. 
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food in different habitats. 
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ine. 4. Ordinal, subordinal-superfamily, family, subfamily-phy- 
letic, generic-phyletic characters employed in the phylo- 4. Forest-loving habits of Palzomastodon, not ancestral to 

genetic classification of the Proboscidea. Mastodon. 

5. Harmony of Linnean and phylogenetic classification ex- IV. Rrviston AND SyNopsis OF GENERA, SPECIES, AND TYPES OF 
pressing our knowledge up to the close of the year 1933. 
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CENTER OF ADAPTIVE RADIATION OF THE PROBOSCIDEFA. 

Andrews confirms the African origin of the Proboscidea, 
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THE FaAyUM PROBOSCIDEANS IN THE ORDER OF THEIR 

ORIGINAL DESCRIPTION. 

. Palzomastodon beadnelli Andrews, 1901. 

. Merritherium lyonsi Andrews, 1901. 

. Phiomia serridens Andrews and Beadnell, 1902 

Meritherium gracile Andrews, 1902. 
2. American Museum Faytim Expedition of 1907. Interpre- 

tation and discovery bearing on the phylogeny of the 

Fayfm Proboscidea. . Palzomastodon parvus Andrews, 1905. 
3. Relations of Meritherium, Palzomastodon, and Phiomia . Phiomia wintoni Andrews, 1905. 

to each other and to other mammals. 9. Phiomia barroisi Pontier, 1907. 

4. Matsumoto’s complete separation of Meritherium, Palzxo- 10. Meritherium andrewsi Schlosser, 1911. 

mastodon, and Phiomia. 11. Palzomastodon intermedius Matsumoto, 1922 

5. Africa demonstrated as the homeland of the three families 12. Phiomia osborni Matsumoto, 1922. 

Meeritheriidz, Mastodontidx, and Bunomastodontide. . Meritherium ancestrale Petronievies, 1923. 

. Meritherium trigodon Andrews, 1904. 

. Phiomia minor Andrews, 1904. 

ONOA Pwd eS 

INTRODUCTION 

CLASSIFICATION.—The classification of the Proboscidea progresses with our ever increasing knowledge of 

origins, adaptive radiations, and phyletic successions. Consequently classification is progressively modified by 

discovery and research. The classification in the present Memoir attempts to set forth our general knowledge of 

the evolution of the Proboscidea up to the end of the year 1933; the nomenclature, that is, lists of genera, species, 

etc., chiefly terminates at the close of the year 1933, because it is impossible to include all the new specific and 

generic lists of 1934 up to the moment of going to press. The classification of 1935 concludes the present Volume. 

Our rules of nomenclature will be a shock to many zoologists, especially to those who carry the principle of 

priority to the point of adopting misspelled, misapplied, and practically unpublished names. After the most 

honest and painstaking endeavor, we have found it impracticable to apply uniformly all the principles established 

in zoology to nomenclature in paleontology. The fundamental reason is that the imperfect data of many original 

17 



18 OSBORN: THE PROBOSCIDEA 

descriptions in paleontology are in wide contrast to the usually perfect data of zoology. The art of nomenclature 

is entirely different in these two branches. Consequently the rules of nomenclature framed by zoologists will 

inevitably be different in certain respects from those which can be adopted by paleontologists. Certain of the 

reasons for this statement will become clear in the following sections. 

OricIn.—Our present knowledge of the origin of the Proboscidea begins with the wonderfully varied and 

interesting forms discovered in the Fayam region of North Africa in 1901 and successively examined by Andrews, 

Schlosser, Matsumoto, Petronievics, and Osborn between 1901 and 1923. In the systematic revision all of these 

Faytim animals will have to be considered together; they are therefore treated in chronological order of descrip- 

tion in the present chapter, although it isnow known that they belong to at least three distinct phyla. After being 

thus separated phyletically, they are again treated in succeeding chapters in their true phylogenetic order, namely: 

Palzomastodon, forest loving, the possible phyletic ancestor of the Mastodontide. 

Phiomia, shore loving, certainly the collective ancestor of the shovel-tusker A mebelodon. 

Meritherium, water loving, standing and ending in a phylum by itself. 

FLoop-PLAIN SCENE OF THE ANCIENT River Nive, Nortx Arrica, Iv Lower OLIGocENE TIME 
ResTORATION BY MarGrer Fiinscu (1932), UNDER THE Direction oF HENRY FarRFIELD OSBORN 

Fig. 2. Theoretic restoration of Palzomastodon beadnelli (upper left), Phiomia osborni (upper right), and Meritherium andrewsi 
(upper center), all one-fiftieth natural size. Meritheriwm lyonsi in foreground one-thirtieth natural size. 



I. LINNAEAN ZOOLOGICAL CLASSIFICATION AND OSBORN’S PHYLOGENETIC 

CLASSIFICATION OF THE PROBOSCIDEA 

LINN#AN CLASSIFICATION (Linnzus, 1735-1766) aimed to define the apparent relationships and affinities of 

existing animals as they were created and spread contemporaneously on the present surface of the earth, and as 

revealed by the comparative anatomy and zoology of existing animals. The “‘Systema Nature’’ of Linnzeus is 

zoological and creational. 

PHYLOGENETIC CLASSIFICATION (Osborn, 1892-1933) aims to distinguish ties of blood and descent among 

ancestral as well as existing mammals; it also aims to adapt and modify the Linnzan classification to the dis- 

coveries of paleontology, namely, to include animals belonging to phyla or ancestral lines and to connect them with 

existing animals. It expresses the nearness or the remoteness of phyla of all degrees of magnitude, namely, phyla 

of species, genera, subfamilies, families, orders. The term PHyLum has a larger taxonomic significance, e.g., 

Phylum Chordata=animals with a notochord. 

The word phylogenetic signifies the origin or genesis of lines of descent of ancestral animals unknown to Lin- 

neus. The word phylum is derived from the Greek (ef. Liddell and Scott, ““A Greek-English Lexicon,” 1883, 

pp. 1698, 1703): “@vAn, 7 (diw) properly, like @d)\ov, a set of men naturally distinct; . . . In usage @vA7 corre- 

sponded to the Roman tribus, and signified I. a body of men united: 1. by supposed ties of blood and descent, 

aclan or sept, such as those among the Dorians, . . . or 2. by local habitation,” (p. 1698). ‘‘diw, . .. A. trans., 

. . . tobring forth, produce, put forth, ¢b\\a. . . . B. Pass., . . . to grow, wax, spring up or forth, arise, come into 

being,” (p. 1703). 

1. PRINCIPLES OF THE OSBORN PHYLOGENETIC CLASSIFICATION 

In 1891, Osborn began to apply a system of phylogenetic classification to the order Perissodactyla (1892.67) 

and developed it in subsequent years especially in treating the family Rhinocerotide (1900.192) and finally 

the superfamily Titanotherioidea (1929). The purpose of this classification of the Proboscidea is to express 

our present knowledge of the more or less profound gaps between the greater and the lesser branches. Most of the 

older classifications were based on the idea that there were but two genera, Elephas and Mastodon. Cope (1889.2) 

divided the Proboscidea into many genera but did not propose a phylogenetic classification. Gaudry (1862-1878), 

Leith Adams (1877-1881), Pohlig (1888-1909), Weithofer (1890), Pilgrim (1905-1926), Soergel (1912-1921), 

Lull (1908), Matthew (1915), Schlesinger (1917-1922), Boule (1920), and Freudenberg (1922) have successively 

discussed and enriched our knowledge of the phylogeny of the Proboscidea but have not expressed this knowledge 

in classification. 

Osborn (1907) began his observations upon the Proboscidea and his survey of the literature covering the years 

1735 to 1934; in 1918 (1918.468), he began the special series of studies on classification as expressive of the 

phylogeny of the Proboscidea which has culminated in the present Memoir. 

Osborn, 1934: The advantage of a phylogenetic classification of the Proboscidea is that the superfamilies or 

suborders expressed with the terminal -orpkEa indicate the four’ larger branches into which the Proboscidea are now 

known to be divided; the family subdivisions corresponding with the terminal -1p# express the five’ known subdivi- 

sions, leaving space for the unknown families; the third system of branching, expressed with the subfamily terminal 

-INE, indicates the seventeen' subfamilies, three of which are now positively known to be as ancient as Lower 

'(Osborn, 1935) Five larger branches (-o1pkE), eight families (-1p22), and twenty subfamilies (1N2) are now known. See Appendix of the present Volume. 
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20 OSBORN: THE PROBOSCIDEA 

Oligocene time; beneath these branches are the forty-one or more generic phyla, each of which embraces a very 

long line of specific and subspecific descent. This phylogeny of 1933-1934 is shown in figure 8. 

The chief difficulty with a phylogenetic classification of the Proboscidea, as of the Perissodactyla or other 

orders of mammals, is a technical one, namely, to harmonize it, on the one hand, with the Linnzan “special 

creation’”’ system of nomenclature, and, on the other, with the prevailing usage of family, subfamily, and generic 

nomenclature in mammalian zoology, which systems are alike based on affinities displayed between the existing 

terminal twigs of the branches and subbranches rather than on the affinities of the phylogenetic lines which connect 

the existing twigs with their geologically remote and fundamental ancestral branches. By Linnzan and post- 

Linnzean systematists upwards of fifty’ generic names have been applied to the mastodonts and elephants, but there 

is no uniformity in the application of these generic names among paleontologists or zoologists, nor has any other 

principle of revision or of arrangement been worked out by which one may at least begin an advance toward a 

permanent system of nomenclature of this highly important and interesting group, except the present phylogenetic 

system. 
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Fig. 3. Diagram showing Osborn’s theory so far as developed up to June, 1921, as to the Adaptive Radiation of the Proboscidea. 

After Osborn, 1921.532, p. 233, Fig. 1. Compare diagrams of 1925, 1933-1934, and 1935 below. 

Apart from its theoretic value there is an honest difference of opinion about the practicability of a phylo- 

genetic system of classification; some of the leading paleontologists, like W. D. Matthew (letters, February, 1918), 

do not think it is practicable; other colleagues, like W. K. Gregory (letters, February, 1918), do not consider that 

the subfamily division (-rwa) can be properly applied to vertical lines of succession. But to Osborn there does not 

'This estimate was made in 1923; at the close of the year 1933 upwards of eighty genera had been listed by the present author (see Chap. I, p. 9); also 

for complete list of genera and species, see Volume II. 
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appear to be any alternative between the continuation of the hopeless confusion which at present prevails in the 

nomenclature and arrangement of the Proboscidea and the absolute illumination and clarity which are thrown 

upon the whole subject by the adoption of the phylogenetic classification. 

In our present phylogenetic revision the only possible way of straightening out the genera is by first straighten- 

ing out the phyla in which they belong. The same is true inregard to the species; the species can be understood only 

in their phyletic relations. Consequently the prelude to our phylogenetic classification has been the prolonged 

and very difficult research on the actual characters of the types of genera and of species, upon which the author 

has been closely engaged for the last sixteen years (1918-1934). During this period the author has learned a great 

deal about the phylogeny of the Proboscidea from other observers and from his own observations, but many 

phyla still remain obscure and imperfectly known; much is to be added to our knowledge by the more intensive 

study of materials already in hand and of the very rich materials still to be discovered, especially in central and 

northern Asia and northern Africa. 

Thus a phylogenetic classification is never final; it is always progressive and adaptive to future discovery. 

Osborn’s classifications of 1921 to 1926 appear to be marked advances upon that of 1918; doubtless it will be 

progressively and perhaps largely modified through future discovery. This is as it should be, because nomenclature 

and classification are the tools of thought, not the masters of thought as some systematists would have it. Other 

phylogenies are those of 1925 (Fig. 7) and of 1933-1934 (Fig. 8) bringing us up to 1935, see the Appendix of 

this Volume. 

With a reasonable rather than a strained regard for priority, nomenclature and classification are the plastic 

vehicles of expression of the actual knowledge of relationships and phylogeny. A reasonable recognition of all the 

great ideas of the past combined with provision for the ideas and the discoveries of the present and of the future 

—these are the watchwords of Phylogenetic Classification. 

2. ORIGIN OF THE PROBOSCIDEA 

As remarked above, phylogenetic classification depends progressively upon the discovery of origins, of 

adaptive radiations, and of phyletic successions. 

The discovery of primary stocks by paleontologists naturally comes last, long after the zoologists have dis- 

covered recent or existing species. Thus the existing elephants have been known by man for thousands of years, 

but the three primary stocks from which they were derived were not discovered until 1901. These primary stocks 

give us the roots and greater branches of our system; the lesser branches have afforded the progressive knowledge 

of adaptive radiation and the still more elusive knowledge of direct phyletic succession. 

The distinguishing feature of this Memoir, which we trust will be of permanent value, is the separation of 

many direct phyletic lines of descent from each other and the recognition of many mastodonts and elephants 

which are very much alike in certain characters, but which are still more unlike in other characters and cannot 

possibly be descended one from the other. 



3. THE PRIMARY STOCKS ESTABLISHED BY PRIMARY CHOICE OF FOOD IN 

DIFFERENT HABITATS 

If we watch ungulates while feeding, we observe that they are very fastidious in the choice of food. Conse- 

quently the beginning of adaptive radiation lies in the choice of food and of feeding habitat. There is a great deal 

of truth in Lamarck’s idea that the wish precedes the organ. Coadaptation and compensation follow the primary 

choice of food. 

The origin and evolution of the three kinds of Fayim proboscideans as described below (p. 34 to p. 50) 

are only part of the evidence for a long continued antecedent adaptive radiation process beginning in the Upper 

Cretaceous and extending throughout Eocene time, by which the Proboscidea, like other hoofed animals, were 

broken up into several great primary stocks, namely: 

An amphibious stock, adapted to rivers and swamps, of limited powers of migration. Represented only 

by the imperfectly known Meritherium of northern Africa and possibly (Pilgrim) of southern 

Asia in Oligocene time =MC@RITHERIOIDEA 

A southern forest stock adapted to forested lowlands. Represented by the Deinotherium of northern 

and central Africa and of southern Eurasia; known from more abundant remains in Miocene 

to Middle Pliocene time = DEINOTHERIOIDEA 

A northern stock, adapted to lowlands, to savannas, and to forests, with better developed limbs and 

powers of wide migration. Represented from the Lower Oligocene of northern Africa to the Mio- 

cene-Upper Pleistocene of Eurasia and North and South America =MASTODONTOIDEA 

A stegodont-elephant stock, adapted to plains, savannas, and steppes; of browsing (forest) or grazing 

(plains) habits, also with powers of wide migration. Represented from the Lower Pliocene of 

southern Asia to the Pleistocene of North America and the Pleistocene and Recent of southern 

Asia and of Africa’ =ELEPHANTOIDEA”’ 

These four? great primary stocks of Eocene time, and probably other stocks still to be discovered, gave off 

from two to six branches each, so that the Proboscidea, as a whole, from Upper Eocene time onward are not two 

branched, or diphyletic, as formerly expressed in the adoption of only two genera, Elephas and Mastodon, but many 

branched or polyphyletic. Species of Mceritheres and Deinotheres remained in Africa and southern Eurasia; 

whereas the mastodonts and elephants, forest and savanna browsers and grazers of the plains, steppes, and for- 

ests, were the long distance travelers and either from an African or from an Asiatic homeland center of origin 

and adaptive radiation in Eocene time reached all the continents of the world, except Australia, in Miocene and 

Pliocene times. 

Always intelligent, resourceful, independent, adaptive, well defended from their enemies of all kinds, we know 

at present of seventeen® entirely distinct main branches of proboscideans several of which persisted into Upper 

Pliocene if not into Pleistocene time, when they were overtaken by the worldwide elimination of the larger 

Mammalia. Only two branches, namely, the Loxodontines and the Elephantines, survive at the present time. 

'(Osborn, 1934) Plio-Pleistocene ancestors of Archidiskodon and Palzoloxodon recently discovered in South Africa (see p. 25). 

*(Osborn, 1935) The STEGODONTOIDEA superfam. nov. separated from the Elephantoidea as a distinet stock. 

8(1935) See footnotes on pages 27 and 30. 
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4. ORDINAL, SUBORDINAL-SUPERFAMILY, FAMILY, SUBFAMILY-PHYLETIC, GENERIC- 

PHYLETIC CHARACTERS EMPLOYED IN THE PHYLOGENETIC CLASSIFICATION 

OF THE PROBOSCIDEA 

The OrpER PROBOSCIDEA is distinguished by the following characters common to all its members: (1) A 

pair of second upper and lower incisors greatly enlarged and originally opposed as feeding organs, a function 

which resulted in the loss of both the first and third pairs of incisors and in the hypertrophy of the second pair, 

I’-I,; (2) originally tetrabunodont to hexabunodont superior and inferior grinding teeth; (3) originally penta- 

dactyl feet with subequal distribution of weight on all five digits. 

Fic. 4. FUNDAMENTAL ARRANGEMENT OF THE CUTTING TEETH, I*-Io, NAMELY, THE 
SECOND SUPERIOR AND INFERIOR INCISORS, IN FOUR SUBORDERS OR SUPERFAMILIES OF 
THE ProBoscippa. AFTER OsBorN, 1921.515, ria. 1, Pp. 3. 

I. Meritherium type (MG2RITHERIOIDEA): Median incisors, I'-I,, persisting; 

second incisors, I?-Is, opposed, as in the Rodentia, front encased in enamel. 

II. Deinotherium type (DEINOTHERIOIDEA): Superior incisors entirely 
aborted; inferior incisors (probably I2) downturned and retroverted. 

III. Rhynchotherium type (MASTODONTOIDEA): I-Ie, tusks downturned, 

laterally compressed, partly covered with enamel band (e). 

IV. Elephas type (ELEPHANTOIDEA), including Elephants, Loxodonts, Mam- 

moths, ete., with inferior incisors, Ig, reduced or aborted, superior incisors, I”, gradually 

losing enamel, typically upturned, used both as fighting and as feeding organs. 

On this primary ordinal constitution the Proboscidea radiated adaptively into all habitats known to the her- 

bivorous quadrupeds, namely, (a) fluviatile, lowland, swamp, and forest, (b) forest border, (c) plains and upland 

habitats, with their accompanying vegetation, softer and harder kinds of food, and reactions of the feet and limbs 

to the modes of locomotion corresponding to habitats a, b, c. 

SUBORDERS—SUPERFAMILIES AS PROPOSED BY OSBORN 

SuPERFAMILY Ranx.—As regards the subordinal separation or rank of thefour’ primary divisions of the Probo- 

scidea which have been discovered up to the present time, these divisions are certainly far more profound than 

those of the four suborders of the Rodentia, namely: I. ScturomorpHA, II. Myomorpua, III. HysrricomorpuHa, 

IV. LacomorpnHa, which are separated from each other not by modifications in the paired incisor, I?-I,, function, 

but by fairly profound muscular adaptations in the mechanism of the jaws. The four primary divisions of the 

Proboscidea are also far more profound than Osborn’s main divisions of the Perissodactyla, namely: I. Trrano- 

THERIOIDEA, IJ. HipporpeEa, III. Tarrromea, IV. Ruryocerororpea, which are distinguished by profound differ- 

ences in the fundamental pattern of the grinding teeth and by adaptive divergence in the original tetradactyl 

manus and pes. 

'See footnotes on pages 19 and 22. 
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24 OSBORN: THE PROBOSCIDEA 

Therefore the I. MGERITHERIOIDEA, IJ. DEINOTHERIOIDEA, III. MASTODONTOIDEA, and IV. 

ELEPHANTOIDEA are separated from each other by adaptive divergences in the function of the upper and 

lower incisor teeth which exceed in their coadaptive results those in the subordinal divisions of any other order 

of ungulates. If the Mceritheres and Deinotheres had lived in the time of Linneus, it is doubtful whether he 

would have united them in the same order with the mastodonts and elephants which are of more obvious affinity 

to each other. 

I. MGRITHERIOIDEA.—Renewed study of Meritherium by Osborn and Matsumoto entirely confirms 

Andrews’ original opinion that Meritherium belongs in the order Proboscidea, as well as Osborn’s opinion that it 

stands very far apart from the other proboscideans and is not directly or indirectly ancestral to either of the other 

three groups. The enlargement of the second upper and lower incisor teeth into mutually abrading tusks, girdled 

with enamel, presents a firm ground of affinity with a still unknown primitive Lower Eocene proboscidean stem 

form. There the resemblance ends. These Meeritheres had no proboscis. The face, of brachyopic type, is 

markedly abbreviated. The cranium is elongated. Thus the facial and cranial proportions are analogous to 

those of the Sirenia. The upper grinding teeth are bilophodont, pointing to a tetrabunodont ancestry, and 

different from the bunomastodont grinders of Palzomastodon, which point to a hexabunodont ancestry. The 

lower grinders exhibit a rudimentary third crest. Andrews’ opinion that the Moeritheres were amphibious is 

probably correct. 

II. DEINOTHERIOIDEA.—All agree that these animals were chiefly browsers and partly amphibious in 

habit, in this respect resembling the Mceritheres but differing in the entire loss of the superior incisor teeth. 

Early loss of the superior tusks released the inferior. In the downturning of the inferior tusks the Deinotheres are 

paralleled by the Rhynchorostrine among the Mastodontoidea. In skull form and in limb and foot structure 

the Deinotheres parallel the true proboscideans. They diverge very widely from proboscideans in the evolution 

of the upper and lower grinding teeth. The primitive Deinotheres present simple, bilophodont grinders, similar to 

those of Meritherium, and are progressively trilophodont. The upper grinders attain a stage which parallels the 

molar pattern of the tapir (T’apirus) among the perissodactyls, but which shows a tendency to the trilophodont 

structure characteristic of the primitive mastodonts and elephants. 

III. MASTODONTOIDEA.—The fundamental character of the front teeth in this superfamily is seen in 

primitive members of the Rhynchorostrine and Longirostrine, namely: (1) Second superior incisors enlarged, 

downturned, divergent, with enamel band on outer side only; (2) second inferior incisors downturned (as 

in Deinotheres) with enamel band on outer side (Rhynchorostrine) or procumbent with no enamel band 

(Longirostrine). 

The important functional distinction of the Mastodontoidea is that for a very long period of time the upper 

tusks abraded the outer side of the lower tusks; this probably explains the retention of the superior enamel band. 

In certain lines (Longirostrinz) the procumbent lower incisors persist and the upper incisors retain their primitive 

downcurved position as in Phiomia. In other lines (Mastodontine, Brevirostrine) the lower incisors practically 

cease to function; the upper incisors finally turn upward and inward, but may retain the enamel band for a 

long period (Mastodontine, fide Schlesinger, and Notorostrine, vide Cordillerion andium). 

A distinctive character of the grinding teeth of the Mastodontoidea is evidence of the descent from a 

tetrabunodont ancestral grinder (i. e., without intermediate tubercles or ‘conules’), as is the case with the tetra- 

bunodont ancestral type of Mceritheres and Deinotheres. The rudiments of ancestral conules gave rise to various 
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trefoils or paired median outgrowths or crests, so characteristic of all the Bunomastodontide whether beak jawed 

(Rhynchorostrinz), or long jawed (Longirostrinz), or short jawed (Brevirostrine). In each of these subfamilies 

the grinders independently undergo a more or less closely parallel evolution, evolving single trefoils in Upper 

Oligocene and in Miocene time, and double trefoils in Pliocene time. 

Unlike the Mceritheres and Deinotheres, the three intermediate molars (i. e., fourth premolar and first and 

second true molars) invariably become trilophodont, while the third true molars become tetralophodont. At this 

point there is a divergence into (1) Mastodontidx, purely forest living, brachyodont, with simply crested teeth, 

in which the intermediate molars are persistently trilophodont, with arrested trefoils, and into (2) Bunomastodon- 

tide, which pass into tetralophodonty and polylophodonty in some lines, with evolving trefoils. The grinder 

evolution is adapted to a leaf-browsing habit, in distinction to the prevailing grazing habit developed among the 

elephantoids. The development of hypsodonty, and choerodonty (Schlesinger), among these (longirostrine and 

brevirostrine) browsers is analogous to that in the hippopotami and the hypsodont suillines. 

IV. ELEPHANTOIDEA.—One prime distinction in this superfamily is the very early complete loss of the 

lower incisor teeth, accompanied by the early development of the upper incisors into horizontal or upturned tusks 

finally devoid of enamel except at the tips in the young stage. _ Vestigial enamel bands are recorded in early stages 

of the Stegodonts. A second distinctive character is the absence of conule development into trefoils, so character- 

istic of the mastodontoids, and the early tendency to form evenly transverse, more or less mamillate, crests which 

become in the highest degree hypsodont and polylophodont in adaptation to chiefly grazing habits. 

It has been assumed by practically all paleontologists that the Elephants were descended from the Stegodonts. 

This assumption now proves to be erroneous, for neither the Stegodon grinding tooth with enamel valleys closed at 

the bottom, nor the Stegodon cranium with its extremely short face, can give rise to the elephantoid molar or the 

face of the elephantoid cranium. The earliest elephants known (1934) are the primitive species of Archidiskodon 

and of Palxoloxodon of the Plio-Pleistocene of South Africa. The Stegodonts were of independent origin and 

formed an independent parallel branch terminating in the highly specialized Elephas |= Stegodon| aurore Matsu- 

moto from the Upper(?) Pliocene of Mt. Tomuro, Japan, now (1935) separated by Osborn as the STEGODONT- 

OIDEA superfam. nov. 

Curer Heap AND DenTAL Forms OF FOUR OF THE SuBorRpDERS (I-V) oF THE PROBOSCIDEA 

Fig. 5. (1) Meeritherioidea, one-twelfth natural size. (2) Deinotherioidea, (3) Mastodontoidea, and (4) Elephantoidea, all one-fiftieth natural size 
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FAMILIES OF PROBOSCIDEA AS ORIGINALLY PROPOSED 

Only one family up to recent time’ has been proposed in three of the four’ suborders or superfamilies of the 

Proboscidea. In the Mastodontoidea there are two? families, the Mastodontide and the Bunomastodontide. 

I. MGRITHERIOIDEA Osborn, 1921.515, p. 2. Family: Morritheriide Andrews, 1906, p. 99. 

Il. DINOTHERIOIDEA Osborn, 1921.515, p. 2 [=Deinotherioidea of the present Memoir]. Family: 

Curtognati [=Curtognathide] Kaup, 1833.4, p. 516; Dinotheridz Bonaparte, 1845 (fide Palmer, 

1904, p. 738), Dinotheriide Bonaparte, 1850; Dinotheride Zittel, 1891-1893, p. 454; Dino- 

theriidze Osborn, 1918.468, p. 134 [=Curtognathide of the present Memoir]. 

Notr.—The superfamily Deinotherioidea as well as the family Deinotheriide are partly anticipated in the 

term Curtognati Kaup (Kaup, Bull. Soe. Géol. de France, V, 1834, p. 444): “Curtognati—M. Kaup a regu de 

nouveaux ossemens d’Eppelsheim, et a reconnu que le Dinotherium medium était véritablement bien différent du 

D. gigantewum. M. Kaup a pu faire aussi quelques corrections et additions 4 sa description du Dinotherium. Il 

pense que ses deux énormes défenses ne lui servaient pas seulement pour extraire des racines de la terre, mais 

encore, comme 4 la morse, pour l’aider A mouvoir son corps silourd. D’aprés la forme des os intermaxillaires, cet 

animal devait avoir une trompe pour porter la nourriture Asa bouche. I] est 4 placer entre les Mastodontes et les 

Bradypus, et il formerait une famille particuliére 4 laquelle M. Kaup donne le nom de Curtognati. Elle serait 

caractérisée par la machoire inférieure courbée vers le bas, et les deux défenses dirigées vers le bas et en arriére 

(N. Jahrb. f. Mineral. Geognosie, etc., 1833 [1833.4], cah. 5, p. 509 avec 1 pl.).” 

II]. MASTODONTOIDEA Osborn, 1921.515, p.2. Family: Mastodonade Gray, 1821, p. 306 (fide Palmer 

1904, p. 752); Mastodontide Girard, 1852, pp. 326, 328; Mastodontidze Osborn, 1918.468, p. 

134, including the Paleomastodontide of Andrews, 1906, p. 130. 

Osborn has recently added the following family: Bunomastodontide, 1921.515, p. 2, to 

include (1921-1922) all the bunomastodonts which develop the intermediate conules into, first, 

single and, then, double trefoils; also a very important branch with several side branches of mas- 

todonts in which the lophs are transformed into well-defined transverse crests paralleling the 

zygolophodont condition of the Stegodonts, and perhaps giving off a branch into the Stegodon- 

tine. The Bunomastodontide constitute a very distinct family, from which arose several sub- 

families also widely separated from each other. 

IV. ELEPHANTOIDEA Osborn, 1921.515, p. 2. Family: Elephantide Gray, 1821, p. 305 (fide Palmer, 

1904), p. 740 (=Elephasideze Lesson, 1842, p. 156; Elephantide Bonaparte, 1838, p.112, and 

1850; Girard, 1852; Zittel, 1891, p. 458; Osborn, 1910.346, p. 558). 

The above five families of the Proboscidea are distinguished from each other by profound modifications 

in the fundamental structure of the grinding teeth. These differences in fundamental structure are almost as 

profound as those which separate the eight families of the order Perissodactyla, or the seven superfamilies of the 

order Rodentia, e. g., APLODONTOIDEA, SCIUROIDEA, CASTOROIDEA, GEOMYOIDEA, MyoipEA, ANOMALUROIDEA, 

BATHYERGOIDEA. 

It is noteworthy that the giant Proboscidea closely parallel the humble Rodentia in the profound modes of 

evolution of the grinding teeth. 

‘See footnotes on pages 19 and 22. 

2(Osborn, 1934) To these two families have been added the Serridentide fam. nov. and the Humboldtide fam. nov. 
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SUBFAMILIES OF PROBOSCIDEA AS ORIGINALLY PROPOSED 

The following seventeen‘ subfamily divisions of the Proboscidea have successively been proposed, as ex- 

plained in full chronological detail in Chapters II-X X of the present Memoir: 

I. MGRITHERIOIDEA: 1. Meeritheriini—Herluf Winge, 1906, p. 172; Meoeritheriine Winge- 
: Osborn, 1923.601, p. 1. 

Il. DINOTHERIOIDEA: 2. Dinotherina—Bonaparte, 1841, p. 253, Dinotheriina—Bonaparte, 1850; 
Dinotheriini—Herluf Winge, 1906, p. 172; Dinotheriine—Osborn, 
1910.346, p. 558 [= Deinotheriine of the present Memoir]. 

III. MASTODONTOIDEA: 3. Mastodontina—Brandt, 1869, p. 35; Mastodontinze—Osborn, 1910.346, 
p. 558. 

Bunomastodontinz—Osborn, 1918.468, p. 134. Replaced by Buno- 
mastodontidae—Osborn, 1921.515, p. 2. 

4. Longirostrine—Osborn, 1918.468, p. 136. 

Rhynchorostrine—Osborn, 1918.468, p. 136. 

Brevirostrine—Osborn, 1918.468, p. 136. 

Serridentine (7. serridens phylum, Osborn, 1921.515, p. 8)—Osborn, 
1921.526, p. 330. 

8. Notorostrine—Osborn, 1921.526, p. 330, distinguished and defined. 

9. Zygolophodontinze—Osborn, 1923.601, p. 1, to include the species: 
Zygolophodon tapiroides, Z. turicensis, Z. virgatidens, Z. borsoni, 
and Z. pyrenaicus, as more fully defined below, which were 
mistakenly confused with the Serridentinz by Osborn (1921.515). 

10. Platybelodontinz-—Borissiak, 1928, p. 119. 

11. Amebelodontine—Barbour, 1929.2, p. 139. 

12. Tetralophodontine—van der Maarel, 1932, p. 108. 

13. Humboldtinze—subfam. nov. 

IV. ELEPHANTOIDEA: 14. Stegodontina—Osborn, 1918.468, p. 135, to include the Stegodonts of 
southern Asia. 

15. Loxodontine—Osborn, 1918.468, p. 135, to include the phylum of 
African elephants. 

16. Elephantina—Bonaparte, 1838, p. 112, 1850; Elephantini—Winge, 
1906, p. 172; Elephantinee—Osborn, 1910.346, p. 558, 1918.468, 
p. 1385. 

Euelephantinee—Osborn, 1918.468, p. 136. Abandoned as invalid, 
because the genus Huelephas is invalid. 

17. Mammontinze—Osborn, 1921.515, pp. 1, 14. 

asl ached 

Great Antiquiry.—The above seventeen’ subfamilies have been separated from each other for very long periods 

of geologic time, many of them since Lower and Middle Eocene times, others since Oligocene time. This very 

ancient geologic and adaptive habitudinal radiation is especially characteristic of the subfamilies included within 

the Meeritherioidea and the Deinotherioidea as well as of the eleven’ subfamilies included within the Mastodon- 

toidea. As regards the Elephantoidea, it would appear that the Stegodontine, the Loxodontine, and the 

Elephantine had already widely radiated in Miocene time, but we do not as yet know when the Mammontinze 

were given off from their closest relatives, the Elephantine. 

'(1935) See Appendix of the present Volume I for PaL#omMASTODONTIN® subfam. noy., based on the genus Palzomastodon Andrews, and GNATHABELO- 
_ DONTIN#, based on Gnathabelodon Barbour, also the removal uf Stegolophodon from the Stegodontidw, subfamily Stegodontine, to the new subfamily Sreco- 

LOPHODONTIN®, making twenty subfamilies in all, fourteen of which are included within the superfamily Mastodontoidea. 
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SUBFAMILY DIvERGENCE.—Whereas the families of Proboscidea are distinguished from each other by pro- 

found modifications in the fundamental structure of the grinding teeth, the subfamilies of Proboscidea are distin- 

guished mainly by secondary adaptations of the grinding teeth correlated with profound adaptations in the upper 

and lower incisor teeth. For example, compare the lower incisor teeth in the Mastodontine, the Longirostrine, 

the Rhynchorostrine, the Brevirostrine, and the Notorostrine and observe how profoundly different each is from 

the other. This adaptation or loss of the lower incisor teeth is correlated with important adaptations of the upper 

teeth and finally with the structure of the grinding teeth. Here the principle of adaptive compensation is observed ; 

e. g., in the Rhynchorostrine, with their well-developed lower tusks, the grinding teeth remain excessively simple, 

whereas in the Brevirostrine, with the loss of the lower tusks, the grinding teeth become excessively complex. 

The phylogenetic basis of this seventeen-fold' subfamily division is to separate clearly every direct line of 

descent of species and genera from every other direct line of descent; the subfamilies are observed as vertically 

ascending ancestral lines which may be subdivided into one or more generic stages. 

ContTRAST wITH Copr.—This vertical phylogenetic use of the subfamily by Osborn (1918.468, pp. 133, 134) 

presents the most direct contrast to the system of Cope: “Cope’s family classifications were morphological and 

horizontal rather than phylogenetic and geological. Finding one or more single characters possessed in common 

at certain horizontal periods of geologic time by mammals in different lines of evolutionary descent, he seized on 

these common characters as convenient keys to classification. . . . I have reached the opinion that Cope’s method 

of morphological classification is untenable, that the only true and permanent classification is phylogenetic. . . . 

Sometimes the subfamilies proposed by zoologists conform to the phyletic lines discovered by paleontologists; 

sometimes they do not.” 

GENERIC VALUES IN PROBOSCIDEA 

Inasmuch as the ORDER PROBOSCIDEA is distinguished by profound adaptations of the incisor teeth, the 

SuporpeERs by profound modifications of the incisors, [?-I,, the Famrires by profound adaptations of the grinding 

teeth, the SuBramILiEs by secondary adaptations of the upper and lower incisor teeth and compensatory adapta- 

tions of the grinding teeth, it remains to distinguish the Gmn»RA by successive stages in the evolution of these second- 

ary and compensatory adaptations. 

For example, the four genera of the phylum Mastodontinz in descending order: 

Pleistocene Genus Mastodon: Lower incisor tusks small, variable; upper tusks large, without enamel. 

Pliocene Genus Pliomastodon: Lower incisor tusks intermediate; upper tusks rounded, without enamel. 

Miocene Genus Miomastodon: Lower incisor tusks intermediate; upper tusks upcurved with broad 

enamel band. 

Oligocene Genus Palzomastodon: Lower and upper tusks unknown; upper tusks probably downturned 
with broad enamel band. 

Or, for example, the three genera of the phyla Tetralophodontine, Longirostrine, and Amebelodontine in 

descending order: 

Miocene Gernus Tetralophodon: Lower tusks procumbent; upper tusks downturned. Intermediate 

grinders tetralophodont. 

Miocene Genus Trilophodon: Upper tusks downturned with enamel band. Intermediate molars tri- 

lophodont. 

Oligocene Grnus Phiomia: Lower incisors procumbent without enamel; upper incisors fighting weapons 

with enamel band. Intermediate molars trilophodont. 

1See footnotes on pages 19 and 27. 
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Thus in the phylogenetic classification of the Proboscidea the Genus embraces and distinguishes the successive 

stages of adaptation and evolution of single or multiple characters, as observed in ascending geologic horizons. 

Among GENERA the phenomena of parallelism, of convergence, and of homoplasy are especially rife. For 

example, the superior incisors of Mastodon, of Anancus, and of certain species of Cordillerion tend to lose their 

enamel and to become upturned and outwardly arched so as to mimic each other closely, and there occurs a 

correlated homomorphy or parallelism in skull structure. Most confusing, however, to the early students (such 

as Falconer) of the Proboscidea was the parallel evolution of the trilophodont intermediate molars, e. g., 

Dp 3 #, M 1 3, M 2, which arose separately in Phiomia, in Palzomastodon (rudimentary), in Anancus, and in 

Stegodon. In fact, it is certain that in many distinct branches of proboscideans trilophodonty was independently 

developed. Similarly the tetralophodont condition of the intermediate molars arose independently in Tetralopho- 

don and in Anancus, also in the ancestral Stegodonts and ancestors of all the true Elephantoidea. The third 

form of generic parallelism is the independent evolution in all the genera of the bunomastodonts of single trefoils 

followed by double trefoils; for example, as in the transition from T'rilophodon angustidens (single trefoils) to Tetra- 

lophodon longirostris (double trefoils), or in the transition from Cordillerion andium (single trefoils) to Cuvieronius 

humboldtii (double trefoils). 
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Fig. 6. Wortpwipde DIstRIBUTION OF THE PROBOSCIDEA IN Past AND PRESENT TIME 

Arrican ELEPHANT: After Blanc, 1897; Bocage, 1890; Buckley, 1876; Chapman, 1868; Chubb, 1909-1919; Claridge, 1915; Cox, 1900; 

Heilprin, 1887; Hippolyte, 1907; Johnston, 1907; Maydon, 1932; Roosevelt and Heller, 1914; Schultze, 1907; Sclater, 1900. 

Inpran Everuant: After Bartholomew, 1911; Blanford, 1888-1891; Blyth, 1872; Bishop, 1921; Champion, 1928; Hornaday, 1885: 

Hunter, 1868; Jerdon, 1874; Laufer, 1925; Lydekker, 1900-1908; Sanderson, 1907; Sclater, 1899. 



5. HARMONY OF LINN AN AND PHYLOGENETIC CLASSIFICATION EXPRESSING 

OUR KNOWLEDGE UP TO THE CLOSE OF THE YEAR 1933 

Thus by applying the principle of adaptive radiation in geologic time we find it is practicable to develop 

consistently a phylogenetic classification out of the Linnean system which included within the order Proboscidea 

only the single species Hlephas indicus. This phylogenetic system provides a consistent terminology for the main 

stock, its branches and subbranches, parts of which may be Anglicized for convenience as follows: 

CLASSIFICATION FIRST ADOPTED (1933) BY OSBORN IN THE PRESENT MEMOIR 

Osborn, 1935: This classification of the year 1933 has been recently modified by successive discoveries up to July of the year 1935. 
Accordingly the reader is referred to page 685 et seq. for the classification of 1935 which introduces new forms and new concepts of 
relationship and lines of descent. 

OrpER PROBOSCIDEA (Proboscideans)—Illiger, 1811, p. 96. Upper Eocene to Recent time. 

SuBORDER I. MG@RITHERIOIDEA (Meeritheres)—Osborn, 1921.515, p. 2. A primitive, amphibious, 

swamp-loving stock. 

FamILy M@RITHERIIDA—Andrews, 1906, p. 99; Osborn, 1921.515, p. 1. 

SuBFAMILY Ma@ritHERINa® Winge-Osborn—Osborn, 1923.601, p. 1 (=Mceritheriini Winge, 

1906, p. 172). Upper Eocene, Lower Oligocene of Africa. 

SuporpER II. DEINOTHERIOIDEA (Deinotheres)—Osborn, 1921.515, p. 2. Specialized, fluviatile 
or river border proboscideans. Mio-Pliocene. 

FamILy CURTOGNATHIDA—Kaup, 1833.4, p. 516. 

SuBFAMILY DEINOTHERIINA—Osborn, 1910.346, p. 558 (=Dinotherina Bonaparte, 1841, p. 

253, Dinotheriina Bonaparte, 1850; Dinotheriini Winge, 1906, p. 172). Large, river- 

border, fluviatile forms of southern Eurasia; throughout the Miocene to the close of the 

Pliocene, into the Pleistocene. 

SuBORDER III. MASTODONTOIDEA! (Mastodonts and Bunomastodonts)—Osborn, 1921.515, p. 2. 

Chiefly forest and savanna browsers. 

FamMILy MASTODONTID (“True Mastodonts’’)—Girard, 1852, pp. 326, 328 (=Mastodontide 

Osborn, 1918.468, p. 134), including Paleomastodontide of Andrews, 1906, p. 130. Chiefly 

browsers in the north temperate and boreal forests. 

SuBFAMILY Mastopontinaz—Osborn, 1910.346, p. 558 (=Mastodontina Brandt, 1869, p. 35). 

Springing from unknown African ancestors; Oligocene of North Africa; including M7o- 

mastodon and Pliomastodon (Miocene and Pliocene of Holarctica),and Mastodon americanus 

(Pleistocene forests of North America). Persistent forest browsers. Grinders tetrabun- 

odont, sublophodont, lacking trefoils. 

SUBFAMILY ZYGOLOPHODONTIN (‘‘Yoke-toothed Mastodonts’’)—Osborn, 1923.601, p. 1. 

Browsers of the temperate forests of Europe and Asia, including T'uricius turicensis, T. 

tapiroides, T. virgatidens, Zygolophodon pyrenaicus, terminating with Z. borsoni. Miocene 

to Upper Pliocene. Grinding teeth polybunodont to purely lophodont, lacking trefoils. 

(1935) To the Mastodontoidea have been added two new families, the SERRIDENTID# and the HumBoLpTIp#&, and two new subfamilies, the PaLaomas- 

TODONTIN® and the STEGOLOPHODONTIN® (see Appendix of the present Volume for final classification). 
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Famity BUNOMASTODONTID (‘True . Bunomastodonts’”’)—Osborn, 1921.515, p. 2. Arising 

from forms similar to Phiomia of North Africa, probably lowland and swamp browsers, 

radiating into nine! subfamilies. Oligocene to Lower Pleistocene. Grinders provided 

with single or double trefoils—hence ‘‘bunomastodont.” 

SuBFAMILyY LonarrostrIn& (‘‘Long-jawed Bunomastodonts”)—Osborn, 1918.468, p. 136. 

Long-jawed typical bunomastodonts, arising in North Africa (Phiomia*), migrating all over 

North Africa, southern Europe, Asia, and North America north of Mexico; including 

Trilophodon. Grinding teeth originally bunodont, trilophodont. Central conules. 

SuBFAMILY AMEBELODONTIN® (typical “Shovel-tuskers’’)—Barbour, 1929.2, p. 139. Includ- 

ing the shovel-tuskers of Nebraska. Typified by Amebelodon fricki Barbour. 

TETRALOPHODONTIN® (‘‘Four-ridge-crested Bunomastodonts”)—van der Maarel, 1932, 

p. 108. Typified by ‘Mastodon’ longirostris Kaup and Tetralophodon bumiajuensis, van 

der Maarel. Second molars with four ridge-crests, i.e., tetralophodont. 

SuBFAMILY SERRIDENTIN® (‘“‘Medium-jawed Bunomastodonts”)—Osborn, 1921.526, p. 330. 

Modifying the trefoils to the outer walls. Grinding teeth sublophodont; upper and lower 

incisor teeth as in the Longirostrine. Upper Miocene to Upper Pliocene of North America 

(typified by Serridentinus serridens and S. productus); Upper Pliocene of Texas, of Florida, 

and of Guatemala; Miocene of Mongolia (Serridentinus mongoliensis); Upper Miocene 

of India (Serridentinus browni); Pliocene of North China (Serridentinus lydekkert). 

PLATYBELODONTIN”E (“Flat-tuskers”)—Borissiak, 1928, p. 119. Typified by Platybelodon 

danovi Borissiak, including P. grangeri of Mongolia and Torynobelodon barnumbrowni of 

Nebraska. Extremely broad shovel-tusks. 

SuBFAMILY RHYNCHOROSTRIN® (‘‘Beak-jawed Bunomastodonts”’)—Osborn, 1918.468, p. 136. 

With powerful downturned upper and lower tusks. Known only in the southern United 

States and northern Mexico. Typified by Rhynchotherium tlascale of Mexico, R. euhypo- 

don, R. brevidens. 

Supramity Nororostrin (Notorostrines)—Osborn, 1921.526, p. 330. First known in the 

Andean region of South America (Cordillerion andium); subsequently discovered in the 

southern United States and Mexico. Distinguished by the loss of the lower tusks, the 

abbreviation of the lower jaw, the spiral tusks (C. andium). 

HumBo.ptin & (‘“Humboldtines’’)—new subfamily described in the present Memoir. Typified 

by Cuvieronius humboldtii with straight or upturned tusks without enamel; molar enamel 

ptychoid, highly folded. Includes Stegomastodon mirificus. 

SuBFAMILY BREVIROSTRIN® (‘“Short-jawed Bunomastodonts”)—Osborn, 1918.468, p. 136. 

Springing from the same stock as the Longirostrine ; distinguished by the rapid abbrevia- 

tion of the lower jaw, by the early loss of the inferior tusks, by the hypsodonty and laby- 

rinthine multiple trefoil pattern of the grinding teeth. First known in Europe (Anancus 

arvernensis), thence wandering into Asia (Pentalophodon sivalensis, Synconolophus dhok- 

pathanensis); not known to enter North America. 

1(Osborn, 1935) Seven subfamilies by removal of the Serridentine, Platybelodonting, and Humboldting and the addition of the Gnathabelodontine. 

2Phiomia now removed to the Amebelodontine (see Appendix of the present Volume for final classification). 



OSBORN: THE PROBOSCIDEA 

Suporper IV. ELEPHANTOIDEA! (Elephants and Mammoths of Africa, Eurasia, and North 

America)—Osborn, 1921.515, p. 2. Browsers (Stegodontinz), chiefly tree browsers 

(Loxodontine), general browsers and grazers (Elephantinz), browsers and grazers 

(Mammontine). 

Famity ELEPHANTIDA—Gray, 1821, p. 305 (fide Palmer, 1904, p. 740); Osborn, 1910.346, p. 558. 

SUBFAMILY STEGODONTIN® (Stegodonts)—Osborn, 1918.468, p. 135. Original members closely 

similar to, and perhaps identical with, certain of the Zygolophodontinz of Europe. Dwellers 

in the very warm forest and savanna regions of southern Eurasia and western India. 

Grinders rapidly multiplying crests, but persistently short crowned (brachyodont). Known 

from the Middle Pliocene (Stegolophodon cautleyz) to the Lower Pleistocene (Stegodon 

insignis, S. ganesa) of India. 

SuBFAMILY Loxopontina# (Loxodonts)—Osborn, 1918.468, p. 135. Distinguished by long 
narrow grinding teeth with relatively few crests; embracing Loxodonta africana and all 

the species of African elephants, the cranial varieties of Loxodonta antiqua |= Hespero- 

loxodon|, Upper Pliocene to Upper Pleistocene, Loxodonta namadica [= Palzoloxodon|] 

of India which radiated widely over Africa and wandered all over southern Eurasia, 

attaining the tallest stature known among the elephants; also the dwarfed insular forms 

Loxodonta (Pilgrimia) falconeri, Loxodonta (Pilgrimia) melitensis, Loxodonta (Pilgrimia) 

creticus, Loxodonta (Pilgrimia) cypriotes, ete. 

SuspramMity Mammontin@ (Mammoths)—Osborn, 1921.515, p. 1. Of close original affinity to 

the Elephantine, including (a) the southern mammoths Archidiskodon planifrons and A. 

meridionalis of southern Eurasia, A. imperator of North America, all with broad-plated 
teeth and few crests; also (b) the northern mammoths which apparently include Par- 

elephas trogontheriz of western Europe, P. columbi and P. jeffersonii of North America, and 

the widespread woolly mammoth (Mammonteus primigenius) of the northern steppes. 
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ADAPTIVE RADIATION OF THE PROBOSCIDEA 1925 H.F.O. 

Fig. 7. Diagram showing the known and unknown stages in the Adaptive Radiation of the Proboscidea up to April, 1925. After 

Osborn, 1925.662, p. 21, fig. 2. Compare previous diagram of 1921 (Fig. 3 of the present Chapter IT), also final diagrams of 1933-1934 
(Fig. 8 opposite) and 1935 (Appendix). 

‘See footnote on page 22. 
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SuBFAMILY ELepHantin& (‘True Elephants’”’)—Osborn, 1910.346, p. 558 (=Elephantina 

Bonaparte, 1838, p. 112, 1850; Elephantini Winge, 1906, p. 172). Typified by Hlephas 

indicus Linn. of India, which apparently evolved during Tertiary and Lower Pleistocene 
times in northern Eurasia and did not appear in southern Asia (India) and Asia Minor 

until the Upper Pleistocene. 

To those monophyletists who cling to Mastodon-Stegodon-Elephas descent, this seventeen-fold' subfamily branch- 

ing of the proboscideans is very difficult to credit until we examine in detail the anatomy of the known genera and 

species of which these branches are composed and which we soon realize make up a very small proportion of the 

total number of genera and species entering into this titanic order from its origin in Lower Eocene time to its great 

climax in Upper Pliocene and Pleistocene times. The contrast between the known and the unknown is presented 

graphically in the accompanying diagrams (Figs. 7 and 8). 

In the succeeding pages of this Memoir the author will demonstrate that this Adaptive Radiation and Phylo- 

genetic Classification are not imaginary but are based on the solid ground of our present knowledge. This strong 

statement needs several reservations, among them, the ancestry of the Elephantids, now traced to the summit 

of the Pliocene only. 
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previous diagrams (Figs. 3 and 7), also phylogenetic diagrams of 1935 in the Appendix. —- 
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Il. OSBORN’S THEORY (1900) AS TO THE AFRICAN ORIGIN OR CENTER OF ADAPTIVE 

RADIATION OF THE PROBOSCIDEA 

In 1899-1900 Osborn, Tullberg, and Stehlin independently advanced the theory that Africa was the con- 

tinent on which the Proboscidea originated. The original homeland of the Proboscidea is no longer in doubt; 

the evidence (1933) favors the geologically ancient continent of Africa. 

OsBorn (1900).—Until the end of the nineteenth century Asia was favored as the homeland of the Proboscidea 

and it is still possible, although not at present probable, that the order originated there. The reasons why Asia is 

not at present favored as the Proboscidea center are threefold, namely: (1) The total absence of Proboscidea in 

the known Upper Eocene and Lower Oligocene exposures; (2) the apparent derivation of the earliest Asiatic 

Proboscidea from ancestral African prototypes; (3) the Miocene appearance of African Proboscidea in Europe and 

North America. If the Proboscidea had originated in Asia in Eocene time they probably would have migrated into 

North America in Eocene or at least in Oligocene time, since the Proboscidea were great travelers. If not the 

original homeland or primary center, Asia certainly became a secondary homeland in which occurred the chief 

evolution and adaptive radiation of the family Elephantide. Current exploration in central Asia will probably 

clear up this whole problem. 

THEORY OF THE AFRICAN CreNTER.—On the contrary, Africa, which remained the “dark continent” of 

paleontology until the beginning of the twentieth century, was seldom regarded as a very important center of 

evolution and adaptive radiation of the Mammalia, despite some excellent suggestions by Riitimeyer (1888) on 

this subject. The first paleontologists and zoologists to make a bold claim for Africa were Osborn (1900), Tullberg 

(1899), and Stehlin (1900). On this subject we may refer to Osborn’s addresses of 1900 (April, 1900.182, ‘“The 

Geological and Faunal Relations of Europe and America during the Tertiary Period and the Theory of the Suc- 

cessive Invasions of an African Fauna,’ and July, 1900.187, ‘Correlation between Tertiary Mammal Horizons of 

Europe and America”). The following citation is from Osborn’s July article (1900.187, pp. 56-58) : 

III. OSBORN’S THEORY OF SUCCESSIVE INVASIONS OF AN AFRICAN FAUNA INTO EUROPE 

In Europe there are in the upper Eocene two classes of animals, first, those which have their ancestors in the older rocks; 

second, the class including certain highly specialized animals which have no ancestors in the older rocks—among these, perhaps, 
are the peculiar flying rodents or Anomaluride, now confined to Africa, and secondly the highly specialized even-toed ruminant 

types—the anoplotheres, xiphodonts and others, the discovery of which in the Gypse near Paris Cuvier has made famous. It 

is tempting to imagine that these animals did not evolve in Europe but that they represent what may be called the first inva- 

sion of Europe by African types from the Ethiopian region. 

It is a curious fact that the African continent as a great theater of adaptive radiation of Mammalia has not been sufficiently 

considered. It is true that it is the dark continent of palzeontology for it has practically no fossil mammal history; but it by 

no means follows that the Mammalia did not enjoy there an extensive evolution. 

Although it is quite probable that this idea has been advanced before, most writers speak mainly or exclusively of the 

invasion of Africa by European types. Blanford and Allen it is true have especially dwelt upon the likeness of the Oriental and 

Ethiopian fauna but not in connection with its antecedent cause. This cause I believe to have been mainly an invasion from 

south to north correlated with the northern extension of Ethiopian climate and flora during the Middle Tertiary. It is in a less 
measure due to a migration from north to south. Let us therefore clearly set forth the hypothesis of the Ethiopian region or 
South Africa as a great center of independent evolution and as the source of successive northward migrations of animals, some of 

which ultimately reached even the extremity of South America—I refer to the Mastodons. This hypothesis is clearly implied 

if not stated by Blanford in 1876 in his paper upon the African element in the fauna of India. 
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The first of these migrations we may suppose brought in certain highly specialized ruminants of the upper Eocene, the 

anomalures or peculiar flying rodents of Africa; with this invasion may have come the pangolins and aard varks, and possibly 

certain armadillos, Dasypodid, if M. Filhol’s identification of Necrodasypus is correct. A second invasion of great distinct- 

ness may be that which marks the beginning of the Miocene when the mastodons and dinotheres first appear in Europe, also the 

earliest of the antelopes. A third invasion may be represented in the base of the Pliocene by the increasing number of antelopes, 

the great giraffes of the A2gean plateau, and in the upper Pliocene by the hippopotami. With these forms came the rhinoceroses 

with no incisor or cutting teeth, similar to the smaller African rhinoceros, R. bicornis. Another recently discovered African 

immigrant upon the Island of Samos in the A2gean plateau is Pliohyrax or Leptodon, a very large member of the Hyracoidea, 

probably aquatic in its habits, indicating that this order enjoyed an extensive adaptive radiation in Tertiary times. 

It thus appears that the Proboscidia, Hyracoidea, certain edentata, the antelopes, the giraffes, the hippopotami, the 

most specialized ruminants, and among the rodents, the anomalures, dormice, and jerboas, among monkeys the baboons, may all 

have enjoyed their original adaptive radiation in Africa; that they survived after the glacial period, only in the Oriental or 

Indo-Malayan region, and that this accounts for the marked community of fauna between this region and the Ethiopian as 

observed by Blanford and Allen. 

In his April and July, 1900, articles, Osborn printed two world maps (Figs. 9, 10) illustrating his theories 

regarding Africa and Asia; the Africa theory of Osborn was confirmed in 1901; the Asia theory of Osborn was 

confirmed in 1922. 

ZooGEOGRAPHIC REALMS AND REGIONS OF THE MAMMALIA 
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Fig. 9. Division of the world into three Realms (Huxley) and 

eight main Geographical Regions. The continental platform is 

raised to the 200-meter line showing the main Tertiary land con- 
nections. After Osborn, 1900.187, Fig. I; compare Osborn, 1900.182, 

Chart II. 

Fig. 10. Orders of mammals as placed by Osborn in 1900 in their 

hypothetical chief centers of adaptive radiation during the Tertiary Period. 
The Prososciwea are placed very near the point of actual discovery in 1901 
of their Fayim ancestors. After Osborn, 1900.187, Fig. III; compare 

Osborn, 1900.182, Chart IV. 

As regards the Proboscidea and Hyracoidea, the above geographic charts of 1900 were confirmed by Charles W. Andrews in 1901. As regards central 

Eurasia as the chief center of radiation of fourteen orders of mammals, the present Central Asiatic Expeditions of the American Museum are strongly confirma- 

tory. As regards the Edentata, Litopterna, Toxodontia, and Typotheria, South America remains the chief center. As regards the Sirenia and Cetacea, it 

now appears probable that they also originated on the African continental shorelines. 

This African or Ethiopian center theory of 1899-1900 was destined to enjoy almost immediate confirmation 

through the discovery in 1901 of the previously unknown Upper Eocene—Oligocene land fauna of North Africa. 

This Fayam region had yielded between 1879-1885 a promising Eocene marine fauna and a Miocene land fauna 

containing one species of proboscidean (found to the north in Moghara, after 1898) related to Trilophodon 

angustidens. 



1. ANDREWS CONFIRMS THE AFRICAN ORIGIN OF THE PROBOSCIDEA, SIRENIA, 

AND HYRACOIDEA 

In April, 1901, Charles William Andrews of the British Museum had an opportunity of accompanying Hugh 

Beadnell, the geologist, into the Fayim district. Here a marine (Zeuglodont) fauna had previously been found, 

and on this occasion a considerable number of vertebrate remains, including portions of skeletons of the probo- 

scidean Meritherium and of the sirenian Hosiren, were collected from beds of Upper Eocene age; the discovery 

of fluvio-marine beds of Lower Oligocene age resulted in the finding by Andrews of the first traces of the animal 

named Palzomastodon. Meritherium was the first Eocene proboscidean to be discovered in any part of the world, 

and the type of the second genus, named Palzxomastodon beadnelli, proves to be a possible ancestor’ of the classic 

Mastodon of Cuvier. The expeditions of Beadnell (1901-1904), of Andrews (1901-1903), and collections now 

preserved in the British Museum and the Geological Museum of Cairo, form the subject of a series of papers by 

Andrews, culminating in his great Memoir of 1906, entitled, ‘“A Descriptive Catalogue of the Tertiary Vertebrata 

of the Fayim, Egypt. Based on the Collection of the Egyptian Government in the Geological Museum, Cairo, 

and on the Collection in the British Museum (Natural History), London.” 

After discussing the principal characters of the vertebrate fauna, Andrews (1906) presents the following con- 

clusions regarding the homeland of the Proboscidea and the early history of these hitherto unknown mammals: 

[Andrews, 1906, p. xv] Although Arsinoitherium is certainly the most extraordinary of the Ungulates found in these beds, 

nevertheless the remains of the primitive members of the Proboscidea are perhaps of greater scientific interest, because they 

help to fill, at least to a large extent, one of the most obvious gaps in our knowledge of the extinct Mammalia. Previous to their 

discovery the earliest Proboscideans known were from the Lower Miocene (Burdigalien) of Europe and Northern Africa, and 

although many earlier deposits rich in mammalian remains were known in various parts of the world, in none of them was any 

trace of Proboscidea found, so that their appearance in Europe at the beginning of the Miocene period must be the result of 

their immigration from other regions. The probability that Africa would be found to be the original home of these animals 

was pointed out by several writers, notably by Osborn, Stehlin, and Tullberg. The first of these [Osborn, 1900.182, also 

1900.187] suggested that probably not only the Proboscidea but also the ‘Hyracoidea, certain Edentates, the Antelopes, the 

Giraffes, the Hippopotami, the most specialized Ruminants, and among the Rodents the Anomalures, the Dormice, and Jerboas, 

among Monkeys the Baboons,’ and, as his map [Fig. 10] suggests, the Sirenia also, originated in this region. Osborn also 

put forward the theory that a succession of migrations from Africa to Europe occurred, notably at the end of the Eocene, at the 

beginning of the Miocene, and again in the earliest Pliocene. It was in the early Miocene migration that the Proboscidea 

passed out of Africa for the first time so far as known. Stehlin [1900], who also emphasized the importance of Africa as a 

probable centre of mammalian evolution, expressed much the same views. Tullberg [1899] likewise regarded Africa as a centre 

of mammalian radiation, and pointed to Hystrix (or the whole of the Hystricognathi), the Simiz (Anthropoidea), and the 

Proboscidea as having probably migrated thence in the early Miocene. It is therefore very satisfactory that the earliest traces 
of land-mammals from the Eocene of Africa include remains of primitive Proboscidea, as well as early forms of Hyracoidea, 

Sirenia, and perhaps some of the other groups. 

The earliest-known Proboscidean is Meritherium, which occurs first in the Qasr-el-Sagha beds (Middle Eocene) and 

persisted till the Upper Eocene, its remains having been found in the Fluvio-marine series. This animal was about the size 

of a Tapir, which it must have greatly resembled in general appearance. . . . [p. xvii] The limbs are unfortunately not well 
known. The humerus differs considerably from that of the later Proboscidea, but some of the smaller species of Palzo- 

mastodon (see text-fig. 56) from the Upper Eocene seem to supply intermediate forms: probably the difference arises from 

the fact that Meritheriwm was a more or less amphibious type, while the later Elephants became fitted for progression on 

firm ground. The femur approximates very nearly to the form found in the later Proboscideans. As already mentioned, 
Meritherium was probably an amphibious, shore, or swamp living animal, and it was no doubt owing to the continuation of the 

conditions favourable to its mode of life that it persisted into the Upper Eocene period. . . . 
The largest species of Palzomastodon (P. beadnelli) must have been about the size of a half-grown Indian Elephant: 

in its general appearance it was Elephant-like, but differed in having a longer neck and the symphysial portion of the mandible 
prolonged beyond the skull (see text-fig. 48, p. 131) and covered only with the fleshy snout. Probably it could reach the 
ground with its lower incisors, and the end of the snout may already have been prehensile. . . . [p. xviii] In general appear- 

'(Osborn, 1935) This proves to be an error on the part of both Matsumoto and Osborn; Palzomastodon is not an ancestor of Mastodon, Zygoluphodon, or 

Turicius (ef. p. 43, Matsumoto’s phylogeny). See PALAOMASTODONTIN# subfam. nov., page 65 and Appendix. 
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ance Palzomastodon must have resembled a small rather long-necked Elephant, the most notable difference being that the 

trunk, instead of being freely flexible, was supported by, and formed the upper covering of, the elongated mandibular symphy- 

sis; its extremity, however, may have been free and to some degree prehensile. 

The further history of this group can only be briefly summarised here (see Phil. Trans. 1968, 1903, p. 99). The next form, 

Tetrabelodon angustidens from the European Lower Miocene, has the symphysis still more elongated and the narial opening shifted 

further back. At the same time the molars, or at least the posterior ones, are greatly increased in size and possess more trans- 

verse ridges. . . . [p. xix] This animal attained the size of a moderately large Indian Elephant, and except for the inflexibility 

of the mandible-supported trunk must have been very similar in appearance. In the later Miocene the mandibular symphysis 

shortened, leaving the trunk mobile and unsupported, as we now know it; at the same time traces of its original elongated 

condition are retained in the occurrence of deciduous lower incisors in some species of Mastodon and in the peculiar sharp process 

of the symphysis in the Elephants. . . . The above is, of course, only a general summary of the succession of forms which lead 

up to the modern Elephants, and no doubt there have been many checks and side-branches leading only to extinction in the 

course of the vast period that has elapsed since Meritherium existed. . . . [p. xxi] The question of the origin of the Sirenia is 

of great interest, and there seems to be a considerable amount of evidence in favour of the view first put forward by de Blain- 

ville, that they are intimately related to the Proboscidea. In the first place, the occurrence of the most primitive Sirenians 

with which we are acquainted in the same region as the most generalised Proboscidean Meritherium is in favour of such a 

view, and this is further supported by the similarity of the brain-structure and, to some extent, of the pelvis in the earliest- 

known members of the two groups (see pp. 202 & 214). . . . [p. xxvii] Another consideration which adds to the importance 

of Africa as a centre of mammalian evolution has been pointed out by Stromer [1903], namely, that part of it at least has 

probably never been submerged since the Palsozoic period, and formed a portion of a vast Permo-Triassic land-area inhab- 

ited by a great variety of mammal-like Theriodont reptiles from which the Mammalia may have actually arisen. This being 

the case, it is not only the Tertiary, but also the Secondary, deposits of this region that may be expected to yield most im- 

portant data for the history of the Mammalia. 
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Andrews thus adopted the Osborn-Stehlin-Tullberg theory that Africa was an important center of adaptive 

radiation of the Mammalia and called attention (p. xxv) to the fact that “the species known must be a mere frac- 

tion of the faunas inhabiting the Ethiopian region during the Middle and Upper Eocene periods’”’; he maintained 

that Osborn, Stehlin, and Tullberg were fully justified “in their assumption that the Ethiopian continent in early 

Tertiary (and perhaps pre-Tertiary) times was a very important centre of mammalian evolution.” 



38 OSBORN: THE PROBOSCIDEA 

Finally, the Deinotheres, although first discovered in Europe and Asia, have been found in recent years in 

deposits of Lower Miocene age in central (Deinotherium hobleyt) and northern (D. cuviert) Africa, as fully described 

in Chapter IV. Consequently early members of the Meeritheres, of the Deinotheres, of the true mastodonts, 

and of the bunomastodonts have been discovered in deposits of Upper Eocene to Lower Miocene age in the 

comparatively unexplored continent of Africa. In the Pleistocene of Africa occurs Deinotherium hopwoodi sp.nov. 

29 AMERICAN MUSEUM FAYUM EXPEDITION OF 1907. INTERPRETATION AND DISCOVERY 

BEARING -ON THE PHYLOGENY OF THE FAYUM PROBOSCIDEA 

The general inference drawn from Andrews’ memoir and popular articles and restorations was that the 

genera Meritherium and Paleomastodon constituted the first and second links in a chain of descent which led 

up to the classic Mastodon angustidens of Europe, thus: 

Mastodon (Tetrabelodon |= Trilophodon]) angustidens of the Miocene of France. 

Palxomastodon, including a variety of species, Upper Eocene to Oligocene of Egypt. 

Meritherium, including at least two species, Middle and Upper Eocene of Egypt. 

Seconp ResroraATION OF Ma@rirHERIUM AND PHIOMIA BY OSBORN AND CHRISTMAN, 1908 

Compare front views (Figs. 19 and 20) 

Fig. 13. Side view of the head of M@ritherium with the eye 

and ear in position, the form and position of the nostrils being 

somewhat conjectural. Observe the elongated cranial region and Fig. 14. Side view of the head of Phiomia wintoni, as modeled in 1908 by 

abbreviated facial region; also the direct opposition of the upper Erwin Christman, under the direction of Osborn. Observe the abbreviated cranial 

and lower incisor teeth. Modeled by, Erwin Christman, under the region, the elongated facial region, the upper tusks passing on the outer side of 

direction of Osborn in 1908. After Osborn, 1909.332, p. 140, the lower tusks. Originally described as Palzomastodon. After Osborn, 1909.332, 

fig. 2. p. 189, fig. 1. 

This monophyletic interpretation of Andrews’ conclusions was due rather to his broad inferences than to an 

examination of his actual descriptions in which the divergent adaptations to habit and to habitat, which would 

militate against any monophyletic theory, were clearly pointed out. But despite Andrews’ admirable work, the 

opinion widely prevailed up to the year 1909 that Meritherium gave rise to Palezomastodon and that Palzomastodon 

gave rise to Mastodon angustidens. 
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The first to combat this monophyletic interpretation was Osborn who led an expedition into the Fayim 

region early in the year 1907, immediately after the publication of Andrews’ great memoir, assisted by Walter 

Granger and George Olsen. A preliminary study of the extensive collections of Meritheritum, Palzomastodon, and 

Phiomia, followed by comparison and restoration for purposes of exhibition in the American Museum, was entirely 

against the theory that Meritherium gave rise to Palezomastodon; in fact, it was in this process of restoration, as 

shown in the accompanying figures (Figs. 13, 14), that profound divergences between Palzomastodon (= Phio- 

mia) and Meritheriwm were brought out. This led to the publication in “Nature,” July 29, 1909, of Osborn’s 

paper, entitled, “The Feeding Habits of Mceritherium and Palzomastodon.”’ As will be fully set forth in Chapter 

XXI on ‘Affinities, Migrations, and Phylogeny of the Proboscidea,” differences in feeding habits give us 

the key to divergence, divergence gives us the key to phylogenetic separation and succession, and phylogenetic 

separation gives us the key to classification. 

Recent studies by Gregory (1910-1920), Matsumoto (1923), and _ Resroravrion oF THE EocENE AND RECENT SIRENIANS 
(EostrEN AND TRICHECHUS) 

Simpson (1932) point towards the existence in Upper Cretaceous and 

Lower Eocene time in Africa of a common ancestral form of mammal 

which by adaptive radiation through ground-loving, shore-loving, and 

water-loving habits, may have given rise to the StRENIANS (Fig. 15), 

the Ma@riTHERES, and the PrRoposcipEANS. Widely 

different and profoundly divergent as the two great 

orders of Sirenians and Proboscideans are today, they 

still exhibit certain common characters in their inter- 

nal anatomy, certain common characters in their 

cranial and labial structure, as well as one unique char- 

acter in their grinding teeth, namely, trilophodonty or 

Fig. 15 (Left). The Eocene sea 

cow, Eosiren libyca, « contemporary 

of M eritherium lyonsi and M. gracile 

in the Qasr-el-Sagha beds, retaining 

the small hind limbs. Restoration 

and drawing by Charles R. Knight, 

under the direction of the author. 

After Osborn, 1907.302, Century 

Magazine, p. 831. 

(Right). The existing Manatee, 

Trichechus americanus, of the rivers 
of Florida, in which the hind limbs 

have entirely disappeared. Restoration and drawing by Charles R. Knight, 

under the direction of the author. After Osborn, 1907.302, Century Magazine, 

p. 831. 

the evolution of three crests on the superior and 

inferior molars. Recent studies by Simpson (1932) 

show that the Pre-Pleistocene forms of America are 

Dugongs rather than Manatees. 

3. RELATIONS OF MG@RITHERIUM, PALHOMASTODON, AND PHIOMIA TO EACH OTHER AND 

TO OTHER MAMMALS 

It appears that Osborn in 1909 went too far in separating Meritherium from direct relationship to the Probo- 

scidea; he erred in the opposite direction, as shown in the following quotation (Osborn, 1909.332, p. 139): 

“The conclusion is that Moeritherium was a confirmed and continual river-living animal, feeding mainly under 

water and on the banks, more specialised for aquatic life than the hippopotami, as indicated by its feeble pelvis, 

but less specialised than the Sirenians. It would not be far from the truth to say, from our present knowledge 

of the animal, that Moeritherium is an offshoot of the Proboscideo-Sirenian stock, with slightly nearer kinship to 

the elephants than to the Sirenians.’’ This conclusion should now certainly be greatly modified, because Merv- 

thertwm proves to be of much nearer kinship to the Proboscidea than to the Sirenia; it isin fact one of the primary 

stocks of the Proboscidea. 
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To Osborn’s extreme view Andrews replied in 1909, p. 305 (‘‘The Systematic Position of Moeritherium,” 

Nature, LX XXI, p. 305): ‘On the whole, it seems that the weight of evidence is in favour of regarding Meceri- 

therium as a proboscidean, though perhaps not on the direct line of ancestry of Palesomastodon, and retaining 

some characters of the original Proboscideo-Sirenian stock.’”’ Schlosser (1911) considered it doubtful whether 

Meritherium stands in the direct line of ancestry of Palzxomastodon. Gregory (‘“The Orders of Mammals,” 

1910, p. 868) concluded: ‘The genus [Meritherium] represents a very primitive offshoot from the Proboscideo- 

THe Ossporn-KNIGHT EARLY RESTORATIONS, IN THE YEAR 1907, OF 

MaeritrHeriuM (Upper Eocene), Porom1A (LOWER OLIGOCENE), AND 

PaRELEPHAS (UPPER PLEISTOCENE). COMPARE MORE RECENT (1932, 1933) 

RESTORATIONS IN THIS Memorr. 

Fig. 16. (Left) Evolution of the head, proboscis, nostrils, and tusks in: 

. (1) Meritherium, (2) Phiomia wintoni, (8) Parelephas jeffersonii, as restored 

by Charles R. Knight in 1907, under the direction of the author. After 

Osborn, 1907.302, Century Magazine, p. 833. i. 

(Right) Comparative restorations to scale of: (1) Meritherium andrewsi, 

(2) Phtomia osborni, (3) Parelephas jeffersonti. Drawn by Charles R. Knight 

in 1907, under the direction of the author. After Osborn, 1907.302, Century 

Magazine; p. 834. Scale approximately one-fiftieth natural size. 

Sirenian stock. Its dentition and certain other characters indicate a nearer alliance with the Proboscidea than 

with the Sirenia, but it is far more primitive than any other known representative of either order.’’ More recently, 

‘Gregory (1920; p. 180)'in his exhaustive study on the lacrymal bone of the vertebrates declares: ‘The orbital 

‘region ‘[of Meritherium]-is much more primitive than that of other Proboscidea, and suggests the sirenian type. 

.. . [p. 245] The Sirenia, although very highly specialized for aquatic life, show special resemblances with 

Meritherium in the skull (including the orbital region) and dentition, and are generally regarded as a derivative 

of the proboscidean stem.”’ 



4. MATSUMOTO’S COMPLETE SEPARATION OF MCRITHERIUM, PALAOMASTODON, 

AND PHIOMIA 

Matsumoto (1922, 1923, 1924) was the first to make a profound examination of the rich collections of Meri- 

thertum, Palzomastodon, and Phiomia in the American Museum, in comparison with the type and referred speci- 

mens in the British and Cairo Museums. Aided by the new evidence presented in this rich American Museum 

material, he deserves the chief credit: (1) Of clearly distinguishing the genus Palzomastodon from the genus 

Phiomia, (2) of clearly defining and distinguishing three species of Phiomia and three species of Palzomastodon, 

(3) of distinguishing species of Meritherium, (4) of closely comparing these three genera with each other and 

with representatives of the great orders Sirenia and Hyracoidea which occur in the same deposits. 

In the present Memoir Osborn entirely confirms Matsumoto’s principal systematic conclusions. Matsumoto’s 

separation of the genera Palzomastodon and Phiomia is a confirmation of one of Andrews’ observations, namely (An- 

drews, 1905, p. 562): “The species of Palzomastodon fall into two sections, in one of which the posterior end of the 

symphysis of the mandible is situated considerably in front of the level of the anterior premolar, while in the other 

it is only very little in front of that point. The first group, moreover, is distinguished by the comparative simplicity 

of the molars, in which the accessory cusps are scarcely at all developed, and by the small size of the talon of the 

last lower molar; into this subdivision the original species, P. beadnelli, falls, together with a much smaller form 

for which the name P. parvus is now proposed. The type-specimen of this new species is the right ramus of the 

mandible, with the premolars and molars zn situ, though somewhat crushed.” 

The profound structural and adaptive differences between these three genera of proboscideans, Meeritherium, 

Palzxomastodon (sensu strictu), and Phiomia, will be fully set forth in the systematic section below. A significant 

feature of this separation is that it tends to greatly strengthen the theory that Africa was the original homeland 

of the order Proboscidea in which they widely diverged from each other during Lower and Middle Eocene times, so 

that as we find them in Upper Eocene time they are distinctly polyphyletic. This gives a death blow to all the 

monophyletic inferences based on Andrews’ earlier writings. 

The relations of these three great phyla to each other are set forth in the section on phylogeny and classifica- 

tion (Vol. II) and in the present chapter. The relations of these three phyla of Proboscidea to the Sirenia 

and the Hyracoidea respectively are discussed in detail in Matsumoto’s paper of 1923, entitled, “A Contribution 

to the Knowledge of Meritheriwm,” in which he takes up with great fullness the following topics: 

A.—Characters Possibly Indicating Aquatic Adaptation (p. 102). B.—Characters Indicating Terrestrial and 

Non-aquatic Adaptation (p. 104). C.—Characters in Common with the Hyracoids (p. 105). D.—Characters 

Distinctive from the Hyracoids (p. 109). E.—Characters in Common with the Sirenians (p. 111). F.—Char- 

acters Distinctive from the Sirenians (p. 112). G.—Proboscidean Characters (p. 114). H.—Peculiar and 

Pre-Paleomastodont Characters (p. 117). I.—Natural Position of Meeritherium (p. 121). J _—Evolutionary 

Tendencies in the Earlier Proboscideans (p. 121). K.—Phylogenetie Relations Among the Hyracoids, Earlier 

Proboscideans, and Sirenians (p. 123). 

PHYLOGENETIC RELATIONS OF PROBOSCIDEANS TO SIRENIANS AND Hyracorps.—Matsumoto’s conclusions may 

be paraphrased as follows: (1) That the proboscideans and sirenians were very closely related to each other in their 

earlier stages of evolution has been maintained by many eminent authors, such as De Blainville, Andrews, Osborn, 

Gregory, etc.; (2) it is very obvious that in their earlier stages they resembled each other in certain respects, but 

41 
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the phylogenetic relationship between the Proboscidea and Sirenia is somewhat less close than is considered by 

those authors (e. g., Osborn) who emphasize chiefly the resemblances between Meritheriwm and the earlier 

sirenians; (3) certain similarities between Merithertum and the earlier sirenians are probably due to their 

original phylogenetic relationship, other resemblances are attributable to convergence, 1. e., similarity of habits, 

still other resemblances are primitive characters common to all three groups of early sirenians, early proboscideans, 

and early hyracoids; (4) as to progressive development, it is obvious that the differences observed between the 

sirenian series of Prorastomus, Eotherium, Prosiren, Eosiren, Miosiren, Halitherium, Halicore, etc. and the progres- 

sive development of the proboscideans Meritherium, Palexomastodon, Trilophodon, and Megabelodon are very 

great; (5) doubtless no known sirenian can be looked upon as an ancestral type of Meritherium, nor can Meri- 

therium be looked upon as an ancestral type of any known sirenian; (6) consequently both the sirenians and the 

proboscideans may have descended from unknown ancestors that stand closer to each other than they do to the 

Hyracoidea stock. Detailed examination and comparison of thirty-four characters in sirenians, hyracoids, and 

early proboscideans led Matsumoto (1923, p. 114) to the following somewhat conflicting conclusion: ‘“‘Among 

these thirty-four characters examined, thirteen, vzz. (2), (9), (10), (12), (13), (15), (16), (17), (18), (19), (21), (25), and 

(26), are common to both the hyracoids and proboscideans in contrast to the [earlier or later] sirenians; ten, v7z. 

(4), (8), (11), (14), (20), (22), (27), (28), (29), and (30), are characteristic of the proboscideans in contrast to both 

the hyracoids and earlier or later sirenians; three, vz. (5), (7) and (23), are characteristic of the proboscideans in 

contrast, at least, to the earlier or later sirenians; three, viz. (32), (33), and (34), are characters vaguely distinctive 

of this genus from the earlier or later sirenians; three, vz. (9), (13), and (23) [these characters are referred to in 

duplicate], are characters of some of the terrestrial mammals in contrast to the aquatic ungulates; and one, v7z. 

(31), is characteristic of this genus in contrast to all the hyracoids, sirenians, and other proboscideans or earlier 

forms of these groups. It may easily be recognized that Merithertum has many characters common to both the 

hyracoids and proboscideans in contrast to the earlier or later sirenians, and many characteristics of the probo- 

scideans in contrast to both the hyracoids and later sirenians or earlier sirenians.”’ 

Osborn, 1924: In our opinion Meritheriwm, a true proboscidean of primitive type, stands much closer to the 

stem forms of the Sirenia than to the stem forms of the Hyracoidea; for the degree of this closeness we must wait 

for fuller evidence from Middle and Lower Eocene deposits in Africa. 

PROBOSCIDEAN CHARACTERS OF MaritHertum (Matsumoto, 1923).—Having dismissed the resemblances 

to the Sirenia and Hyracoidea as principally due to inheritance from primitive mammalian characters in general 

and also to convergence, Matsumoto applies a thirty-five character test and sets forth a very strong argument 

for the dominant relationship of Meritheriwm to the Proboscidea and especially for its peculiar and pre-palzo- 

mastodont characters. After comparing and contrasting Meritheriwm with Palxomastodon, we may paraphrase his 

conclusion as follows (p. 120): (1) In all the twenty-three characters examined, Meritherium is structurally a pre- 

palzomastodont type so far as we admit the conception that Palzomastodon, Trilophodon, and Megabelodon form 

together a fair series of evolutionary stages; (2) it is, of course, beyond doubt that the structural gap between 

Meritherium and Palxomastodon is fairly great, yet the fact should not be neglected that Meritheriwm stands 

structurally before Palzomastodon in the majority of its characters, that is, as a more primitive form; (3) con- 

sequently a presumed ancestral type of Palzomastodon should resemble Meritherium in many characters. 

Osborn, 1924: In our opinion Andrews and Matsumoto have positively established the proboscidean relation- 

ship of Meritherium. Osborn differs from Andrews and Matsumoto in placing Meritherium in an entirely separate 

line of descent, of superfamily rank known as Merritherioidea, distinguished by direct opposition of the upper 

and lower incisor teeth, as in rodents, by many aquatic adaptations in the skull, by profound differences in skull 
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proportion, and probably by an amphibious mode of life approaching that of the hippopotami; in contrast to the 
purely terrestrial life of the Palzomastodon and Phiomia phyla. As to the amphibious habits of Mwritherium, 
Osborn and Matsumoto substantially agree. 

PALMOMASTODON ANCESTRAL TO THE TRUE Masropon (Matsumoto, 1924).—In Matsumoto’s succeeding 

paper (1924.1), “A Revision of Palawomastodon,” ete., he concludes by completely separating Mwritherium and 
placing it in an independent line, as shown in the accompanying diagram (op. cit., p. 58): 

In my opinion, the phylogenetic relationship of the genera just referred to, can be diagrammatically shown as follows: 

Mastodon Tetralophodon Megabelodon 

(longirostral) 

ee 

Zygolophodon Trilophodon Cherolophodon 

[pentelicus] 

} 

Palzomastodon Phiomia 
Meritherium 

In discussing the phylogeny of the earlier Proboscidea, Matsumoto (1924.1, pp. 55-57) makes a final comparison 

between the skull and dentition of Ma@ritherium, Paleomastodon, and Phiomia; he rightly places Meritherium 

in aside-line of its own, but wrongly determines that the true Palzomastodon points towards Zygolophodon and the 

true Mastodon of the Mastodon americanus type for the following reasons. (1) The skull of Palzomastodon is not 

clearly known; judging from the shape of the palate it is probably shorter skulled than Phiomia which is distinctly 

long skulled; the skull of Zygolophodon of the European Miocene is not yet clearly known; the true Mastodon 

is distinctly short skulled. (2) The palate of the true Palzomastodon is very wide in proportion to the length of the 

cheek teeth, while that of Phiomza is rather narrow in the same proportion; the palate of the true Mastodon is 

very wide. (3) The mandibular symphysis of Palzomastodon appears to be rather short, while that of Phiomia is 

very long; the symphysis of the true Mastodon is short. (4) The largest and most conspicuous of the anterior mental 

foramina lies just below the first cheek tooth, P;; in the true Mastodon also the largest and most conspicuous of 

these foramina lies just below the anterior cheek tooth; in many short-jawed mastodonts and elephants the largest 

and most conspicuous of the anterior mental foramina lies just below the anterior cheek tooth also; the position 

of this foramen may be correlated with the development of the relatively short symphyseal region and the rela- 

tively small lower tusks, in contrast with the long symphyseal region and large lower tusks in the Phiomia-Trilopho- 

don series. (5) The cheek teeth of Palzomastodon are proportionately shorter and wider than those of Phiomia; 

the cheek teeth of Zygolophodon and Mastodon are also proportionately shorter and wider than those of Trilophodon. 
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(6) The cheek teeth of Palezomastodon show a lower ridge formula than those of Phiomza; the potentiality of getting 

a higher ridge formula was lower in the Zygolophodon-Mastodon phylum than in the Phiomia-Trilophodon phylum. 

(7) The cheek teeth of Palzxomastodon are bunolophodont attaining a typically lophodont character when mode- 

rately worn, while those of Phiomia are typically bunodont; the cheek teeth of Zygolophodon and Mastodon are 

lophodont, while those of Phiomia and Trilophodon are bunodont. (8) In the cheek teeth of Me@ritherium, Palzo- 

mastodon, Zygolophodon, and Mastodon no trefoil pattern of cusps is developed, while in the Phiomia-Trilophodon- 

Tetralophodon phylum the trefoil pattern of cusps is well developed. (9) In the cheek teeth of Meritherium, 

Palzxomastodon, Zygolophodon, and Mastodon the crests are not very thick anteroposteriorly, the valleys are widely 

open and even the walls and bottoms of the valleys are worn, while in those of Phiomia, Trilophodon, and Tetra- 

lophodon the crests are very thick anteroposteriorly, the valleys are not so widely open, the worn surfaces are 

almost even. In the cheek teeth of Maritherium, Palxomastodon, Zygolophodon, and Mastodon the surface of the 

enamel is rather smooth, while in those of Phiomia, Trilophodon, and Tetralophodon the same is very rough. 

For all these reasons, Matsumoto continues, Palzomastodon appears nearly to correspond to a theoretical 

ancestral type of the Zygolophodon-Mastodon phylum; Palzomastodon appears to correspond to the beginning of a 

very great phylum, namely, the Zygolophodon-Mastodon phylum. 

Matsumoto thus announces a very important phylogenetic discovery, i. e., that Palzomastodon stands 

near the ancestry of the true Mastodontide. This discovery was immediately approved by Osborn, before the 

publication by Matsumoto of his complete results, with the following comments (see Matsumoto, 1922, p. 6, 

“Note by Henry Fairfield Osborn, August, 1922’’): ‘The significance of the above revision [Matsumoto’s] is 

that the true Palzomastodon beadnelli has bilophodont intermediate molars and a relatively broad skull; it isa 

rare animal both in the British Museum and American Museum collections; according to Andrews ((letter], 1922) 

the genotype (Palxomastodon beadnelli) was found at the very base of the Fluvio-marine Beds, Lower Oligocene, 

50 or 100 feet below the Phiomia level. . . . Associated with the type is a very large femur and humerus.”’ Palzo- 

mastodon is a relatively short-jawed animal, with bilophodont intermediate molars, whereas Phiomia is a very long- 

jawed animal with trilophodont intermediate molars. 

Matsumoto’s theory is now (1935) rendered improbable by Osborn’s closer studies in the present Memoir 

of the limited material of the true Palzomastodon from the Faytm (see footnote on p. 36 above). 

PuiomiA ANCESTRAL TO THE TRUE TRILOPHODON.'—From the first Andrews recognized the kinship of Phiomia 

to Trilophodon angustidens; Matsumoto goes further and proves that Phiomia is directly ancestral to what he 

terms the Trilophodon-Tetralophodon-Megabelodon phylum, whereas it has nothing to do with the ancestry of the 

Zygolophodon-Mastodon phylum. The kinship of Phiomia to Trilophodon is clearly indicated in the following 

characters: (1) Phiomia, Trilophodon, and Megabelodon are distinctly long skulled; (2) the palate of Phiomia is 

rather narrow in proportion to the length of the cheek teeth, the palates of Trilophodon and Megabelodon are also 

distinctly narrow; (3) the mandibular symphysis of Phiomia is very long, while the mandibular symphysis of 

Trilophodon and of Megabelodon is extremely long; (4) the anterior mental foramen in Phiomia lies on either side 

of the symphyseal region far anterior to the front cheek tooth, P;, and to the posterior end of the symphysis, in 

both Trilophodon and Megabelodon the position of the anterior mental foramen being quite similar to that observed 

in Phiomia; (5) the cheek teeth of Phiomia show a trilophodont ridge formula almost similar to that of Trilophodon, 

the potentiality of a multiple ridge formula is thus high in the Phiomia-Trilophodon-Megabelodon phylum, whereas 

it is low in the Palzomastodon phylum and still lower in the Meritherium phylum; (6) the cheek teeth of Phiomia 

are typically bunodont, those of Trilophodon, Tetralophodon, and Megabelodon are also bunodont; (7) in Phiomia, 

\(Osborn, 1935) The three or four known species of Phiomia are now recognized as directly ancestral only to the shovel-tusker Amebelodon of Nebraska. 

See Plate v between pages 235 and 236. 
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Trilophodon, Tetralophodon, and Megabelodon the trefoil pattern of cusps is well developed; (8) the transverse 

crests in Phiomia, Trilophodon, Tetralophodon, and Megabelodon are very thick anteroposteriorly, the valleys are 

not so widely open, and the worn surfaces are almost even; (9) the surface of the enamel is relatively rough in 

Phiomia, Trilophodon, Tetralophodon, and Megabelodon; (10) the basal cingula are very rough and strong in 

Phiomia, Trilophodon, Tetralophodon, and Megabelodon, whereas they are rather feeble in Palzomastodon and 

Mastodon and more or less strong in Meritherium; (11) thus Phiomia appears to correspond to the beginning of a 

very great phylum, namely, the Trilophodon-Tetralophodon phylum of the Old World. 

Osborn, 1924: Quite independently of Matsumoto, Osborn had confirmed and extended Andrews’ opinion 

as to the Phiomia-Trilophodon phylum, and as early as 1917 (Osborn, 1918.468) placed Phiomia (= Palxomastodon) 

in the true longirostral line which he termed the Longirostrinez; but Matsumoto deserves the priority not only for 

clearly distinguishing Palzomastodon from Phiomia, but for suggesting that Palzomastodon was related to the 

subfamily which Osborn designates as Mastodontine. 

5. AFRICA DEMONSTRATED AS THE HOMELAND OF THE THREE PRIMITIVE FAMILIES 

MCRITHERIIDH, MASTODONTIDA, AND BUNOMASTODONTIDAi 

Thus Andrews, Osborn, and Matsumoto have successively prepared the way for a true understanding of the 

three great and widely distinct phyla of Proboscidea in northern Africa in Upper Eocene and Lower Oligocene times. 

As more fully pointed out in the phylogenetic classification of the forthcoming Volume II, the wide divergence 

of these phyla tends to confirm the theory that Africa was the homeland of the stem forms of all the Proboscidea, 

although it does not as yet finally demonstrate it. 

Osborn’s present classification of the thirteen species of the primitive North African Proboscidea is shown on 

page 65. 

Fig. 17. Paromta ossornt, Primitive Lower OxiGoceNne Swovet-Tusker OF THE Faybm, Eoypr 

Restorep (1932) By MARGRET FLINSCH, UNDER THE Direction oF Henry FarrrieLD OSBORN 

All figures one thirty-sixth natural size 

Phiomia osborni frequented the flood-plain region of the Nile and the present restoration shows a group of these animals in their 
natural habitat in Lower Oligocene time. The three specimens are based on a single lower jaw, which Matsumoto in 1922 dedicated to the 

present author; their estimated shoulder height is 1345 mm. or 4 ft. 5 in. 



III. PHYLOGENETIC RELATIONS AND CLASSIFICATION OF MCERITHERIUM, 

PALAZOMASTODON, AND PHIOMIA 

The systematic descriptions and the nomenclature of the Faytim Proboscidea will be clearly reviewed below. 

Let us first examine their structure more closely with regard to adaptations to certain habits and modes of life 

and to progressive tendencies towards increasing perfection and specialization in adaptation. The Proboscidea 

follow the principle which we have clearly observed in many other ungulates, especially the families Brontotheri- 

de, Rhinocerotide, and Equide, which the author has been studying and comparing for the past thirty-four 

years, namely, a phylum having once started in a certain adaptive direction, if unchecked, will proceed to the extreme 

of adaptation. 

For example, elongation of the jaws, of the skull, and of the teeth begins in Phiomia and reaches an extreme 

in certain species of trilophodonts in which the progressive development is known as longirostral. 

Text-fig. 40. 

—— 
———SS=——_ 

Fig. 18. First reconstruction by Charles W. Andrews of skull and mandible of Meritherium lyonsi. A, from above; B, from left side. 

After Andrews, 1906, text figure 40. About one-fourth natural size. 

The Osborn-Matsumoto reconstruction (Fig. 42) of the skull of M. andrewsi-trigodon differs widely in the relations of the upper and lower incisor 

teeth, I?-Is. These teeth are actually less tusklike and more gliriform than as restored by Andrews (Fig. 18). 

1. PRINCIPLE OF ADAPTIVE RADIATION EXPRESSED IN THE PHYLOGENETIC 

CLASSIFICATION OF THE FAYUM PROBOSCIDEA 

Classification should be expressive of phylogeny as brought about through adaptive radiation into diverse 

habits and habitats which influence, first, the entire dental and cranial structure, second, the entire foot, limb, and 

body structure, third, the adaptation of dental, cranial, limb, and body structure to defense and offense, and, f ourth, 

coadaptation and compensation through gain and loss of other organs. 

The analysis of the feeding and locomotor habits is the basis of the phylogeny and therefore of the classifica- 

tion of the Proboscidea, from the first appearance of these animals in the Upper Eocene up to the surviving recent 

forms in Asia and Africa. 
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RésuMé OF PrREcEDING SEecTion.—Through the discoveries of Andrews (1901-1906) in the Eocene-Oligo- 

cene of the Fayim of Egypt of three very distinct types, namely, of Palzomastodon (very rare), of Meritherium 

(numerous), of Phiomia (very numerous), these three animals have become famous as the earliest known stages in 

the ancestry of the elephants. Since the wish is always father to the thought, and nothing was more eagerly 

sought for prior to 1901 than the primitive progenitors of the Proboscidea, it was altogether natural to place 

Meritherium in or near the direct line of ancestry of Hlephas, and consequently, with this idea, to provide Meri- 

therium, Paleomastodon, and Phiomia with a proboscis of less or greater length such as would befit more or less 

remote direct ancestors of the elephant. 

As such direct ancestors these three animals have gone forth into the general literature, and have therefore 

taken an entirely false and unnatural position in popular treatises on phylogeny. Andrews tried to correct this 

error in his great Memoir of 1906, and Osborn (1909.332) in his article “The Feeding Habits of Mceritherium and 

Palzomastodon,” followed by Matsumoto (1923), pointed out that since the dental and cranial structure of 

these three animals was profoundly different, it followed that the feeding habits were profoundly different and 

that they fed in three different habitats, consequently that their limb and body structure must have been different , 

finally, that none was ancestral to the other or to the genus Elephas. In brief, we were all so eager to welcome 

these animals into the order Proboscidea, that we too hastily assumed their ancestral position. 

We shall see that Meritherium, Phiomia, and Palxomastodon are widely separated both by habits and by 

structure from each other, as well as from the still to be discovered direct ancestors of the true elephants. 

2. AMPHIBIOUS HABITS OF MGRITHERIUM 

The first more cautious note against the true-Elephas ancestry theory was sounded by Andrews in his Memoir 

of 1906 (1906, p. xvii) from which Osborn (1909.332, p. 139) made the following citation and comments: 

‘As already mentioned, Mceritherium was probably an amphibious, shore, or swamp living animal, and it was no 

doubt owing to the continuation of the conditions favourable to its mode of life that it persisted into the Upper Eocene 

period. In the meantime, however, either from this or some closely allied type, there had arisen another animal more 

adapted to terrestrial life and showing a great advance in the direction of the typical Proboscidea: to this creature the 
name Palzomastodon has been given.’ Elsewhere (p. xxi) Dr. Andrews notes that Mceritherium favours the view, first put 

forward by de Blainville, of an original relationship between the Proboscidea and Sirenia. Later on in the same work (p. 119) 

the same author, in commenting on the similarity between the pelvis of Mceritheri'um and that of the Eocene sirenian 

EKotherium, observes:—‘Then it may fairly be suggested that Mceritherium and Eotherium, both occurring in the same region 

(one the most primitive Proboscidean, the other occupying the same position with regard to the Sirenia), are, in fact, closely 

related, and had a common ancestor in early Tertiary times, probably in the Lower Eocene.’ On page 105 we find a comment 

on the remarkable likeness between the brains of Mceritherium and the Sirenia. 

CRANIAL AND DrenTAL ADAPTATIONS.—After these suggestive comments by Andrews were published, other 

specimens were secured by the American Museum Expedition of 1907 to the Fayim, including two fairly well pre- 

served skulls of Meritherium (Fig. 42), which gave witness afresh to the general analogy of the skull of Meritheriwm 

to that of the Sirenia. This material proves that Meritherium not only had no proboscis, but that it was a totally 

different animal from Phiomia both in its appearance and habits and only very remotely related to it; this material 

proves further that in czenotelic’adaptation the Meritherium skull is closer to that of the sirenians and of the 

hippopotami than to that of any of the proboscideans. The cutting teeth, lips, and mouth parts of Meritherium 

oppose each other in an entirely different manner than do those of Phiomia, so that it may be truly said that there 
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was not the least resemblance between either the mouth parts or the feeding habits of these two animals. In 

Meritherium the nasal bones do not greatly recede, there was consequently little or no free retractile power of the 

upper lip, which is always the first step in the evolution of the proboscis as witnessed in living species of Tapirus. 

Comparison of the muzzle of Meritherium with that of Hyraz, of Castor, of Hippopotamus, and of other mammals 

with an enlarged pair of front teeth, tends to show that the upper and lower lips were heavy and fleshy, and some- 

what similar in form, in function, and in prehensile power; that the blunt tusks wore directly against each 

other and were entirely sheathed in enamel; that the lips were capable of closing over the tusks when the mouth 

was shut, somewhat as in the hippopotamus. The tusks were adapted as feeding organs rather than as fighting 

weapons, probably because Meritherium was protected from attack by its partly aquatic habitat. 

Seconp ResroraTIOoN oF Ma@rITHERIUM AND PHIOMIA BY OSBORN AND CHRISTMAN, 1908 

Compare side views (Figs. 13 and 14) 

Fig. 19. Front view of the head of Maritherium with the eye 

and ear in position; the form and position of the nostrils somewhat 

conjectural. The eyes are seen to be very far forward, well raised 

toward the top of the face; the ears also are raised high on the side 

of the head; both these peculiarities are adaptations to aquatic 

life to bring these sense organs near to the surface of the water 

in swimming, so that they will emerge first and disappear last. As Fig. 20. Front view of the head of Phiomia wintoni, as 

modeled by Erwin Christman, under the direction of Osborn, 1908. modeled by Erwin Christman, under the direction of Osborn, 1908. 

The above method of comparison of Phiomia and Meritherium is that of making life-size models of the skulls in which the sense organs, 

such as the eye and the ear, are placed exactly in position, while the contours of the lips, nostrils, mouth parts, and external ears are largely 

conjectural. In Osborn’s opinion (1926) the ear of Phiomia is erroneously restored, for it is much too elephantine. After Osborn, 

1909.332, pp. 139, 140. 

The conclusions drawn from the front teeth, I?-I,, from the simple bunodont grinding teeth, from the very 

short face (brachyopy), from the long cranium (dolichocrany), and from the extremely small bony eye sockets, 

are that Meritherium was a confirmed and continual river-living animal, feeding mainly under water and along 

the banks of rivers, more specialized for aquatic life than the hippopotamus, as proven by its feeble pelvic bones, 

but far less specialized for aquatic life in its limb structure than the Sirenia. 

This does not prove that Meritherium is of the order Sirenia, as Osborn suggested in 1909; it is certainly an 

independent member of the Proboscidea, as Andrews originally maintained and as Matsumoto has stoutly 

contended. Its cranial analogies are with the sirenian skull; its cranial and dental homologies are with the Probo- 

scidea. Its limbs and skeleton relate it to the primitive Proboscidea. 



3. LOWLAND HABITS OF PHIOMIA, ANCESTOR OF THE AMEBELODONTIN& 

PHIoMIA WITHOUT A Proposcis.—The restoration-model of the head of Phiomia (=the Palzomastodon of 

the previous literature) also is without a proboscis but is provided with a stout upper lip which was capable of 

pressing closely against the procumbent paired lower incisor teeth. As Osborn observed (1909.332), Phiomia in all 

probability had not developed a proboscis. A profound difference between Phiomia and Meeritherium is brought 

out in comparing the front (Figs. 19 and 20) and side (Figs. 13 and 14) views of the head, in which it is seen that 

whereas the eyes of Phiomia are in the typical mammalian position above the first permanent grinder, those of 

Meritherium are very far forward, well raised in the front part of the head, and of very diminutive size, as is 

shown by the shallowness of the eye sockets. 

The distinctive peculiarity of Phiomia is that its eyes are in the position typical among mammals, that is, 

above the first true grinders, M'-M,. The reason that the eyes appear to be so far back is that the lower jaws are 

extended unusually far forward. The upper jaws recede, terminating at the sides in the sockets of the very sharp, 

laterally compressed tusks which at this stage of evolution were chiefly developed as fighting or defensive weapons, 

while only of indirect value as feeding organs. When the upper and lower lips are restored in such a manner 

as to enable the animal to close its mouth, the upper tusks are so largely covered by the lips that they are not 

especially prominent. In contrast with Meritherium the nasal bones and narial openings in Phiomia deeply 

recede; thus a very wide space is left to be filled by the large retractile, prehensile upper lip which could un- 

doubtedly be raised or lowered. 

EvIpENCE AGAINsT A Proposcis.—The question now arises (Osborn, 1909.332, p. 140): ‘How far had this 

lip begun to transform into a proboscis? Was there a free projecting proboscis as represented in several previous 

restorations? A negative answer appears to be furnished by the structure and mode of wear of the lower incisors. 

Together these form a broad, protrusive, spoon-shaped feeding organ, which is invariably greatly worn on the 

upper surface and somewhat less at the ends. This worn upper surface seems to prove that in the prehension of 

food the edge of the upper lip was constantly pressed downward against these teeth, thus, with the aid of fine 

particles of grit and sand, which were occasionally taken in, causing wear. In brief, the food appears to have been 

seized between the upper lip and the spoon-shaped lower teeth. Paleeomastodon was a browser, and this lip could 

be turned up and retracted effectively to pull down smaller branches, but there is no reason to suppose that it had 

the free curling and independent prehensile power which characterises a true proboscis. If we critically consider 

the theory of the animal possessing a proboscis of considerable length, we find it rests upon the idea of kinship 

with the elephant rather than upon careful study of the mouth parts themselves.” 

If Phiomia possessed an independent prehensile proboscis extending beyond the line of the mouth for the 

seizing of food, we cannot assign any function to the large and much worn paired lower incisor teeth; the most 

probable theory of their function, therefore, seems to be that shown in the model (Fig. 14), namely, the prehension 

of food by pressing the upper lip against the lower incisors, rather than the prehension of food by grasping with 

a long and flexible proboscis; this function is progressively developed in the Amebelodont successors of Phiomia, 

also without a proboscis. 

The first rule in the restoration of adaptations is not to be too much influenced by kinship, but to adhere to 

the evidence afforded by the hard parts themselves. According to this rule Phiomia had no proboscis; it had a 

powerful upper lip which pressed against the tips of the lower incisor teeth. Osborn (1933) believes that this 

function was continued into the subfamily of the Amebelodontine (Longirostrines) to which Phiomia directly 

gave rise. 
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4. FOREST-LOVING HABITS OF PALAAXOMASTODON. NOT ANCESTRAL TO MASTODON 

One proof of the forest habits of Palzomastodon is the rarity of its fossil remains; forest-living animals are 

relatively rare. 

The true Palzxomastodon, typified by Palzomastodon beadnelli Andrews, 1901, and supplemented by the more 

recently described Palzomastodon intermedius Matsumoto, 1922, is only partly known, namely, the palate, the 

grinding teeth, and portions of the zygomatic arch; therefore we can only form a conjecture as to its habits from 

our knowledge of the animals which appear to be analogous to it, namely, the true mastodonts, known to be of 

forest-living habitat and of leaf-browsing habits. Consequently analysis of the habits of the Fayim proboscideans 

Phiomia. wintoni. 
Amer. Mus. 13450 Ref, 

Cc 

p? 

Palazomastodon intermedius 
B Amer Mus. 13449" 

A 
: ( 

Amer, Mus, 13431 Ref. OSs Eek 

A Mosritherium 

All 1/3 nat. size 

Fig. 21. 

“ Meritherium, Palzxomastodon, and Phiomia. 

teeth. A, Meritherium, Amer. Mus. No. 13481; B, Palzomastodon, 

Amer. Mus. No. 138449; C, Phiomia, Amer. Mus. No. 13450.”’ All 

figures one-third natural size. 

is incomplete in respect to this genus. 

animals as follows: 

Meritherium 

Rivers and swamps 

1. Face abbreviated; cranium elongated. 

2. Upper and lower second incisor tusks 
of equal size, directly opposed, sheathed 

in enamel; feeding, not fighting, organs. 

3. Eye sockets extremely small, placed 
anteriorly; eyes and auditory openings 
elevated. 

4. Upper and lower lips opposing each 
other. 

5. Molars short and broad, tetra- 

bunodont. 

6. Amphibious or aquatic in habit, 

hence rarely fossilized. 

Superior molars, compare Matsumoto, 1923, fig. 10: 

Meeritherium 

Fig. 22. 

Left upper grinding teeth. 

G Phiomia osborni 
Amer. Mus. 13468 

B _ Palzzomastodon intermedius 
Amer. Mus. 14547 

Amer. Mus. 13437 Ref. (rev.) 

All 1/3 nat. size 

Inferior molars, compare Matsumoto, 1923, fig. 11: 

“ Meritherium, Palezomastodon, and Phiomia. Left lower grinding 

A, Meritherium, Amer. Mus. No. 13437 (reversed), second 

and third lower molars; B, Paleomastodon, Amer. Mus. No. 14547, 

first, second and third lower molars; C, Phiomia, Amer. Mus. No. 

13468.” All figures one-third natural size. 

It is certain that the habits and habitat were different from those of 

Phiomia and profoundly different from those of Meritherium. We may therefore contrast these three Fayim 

Phiomia 

Lowlands and savannas 

1. Face elongated; cranium normal. 

2. Lower tusks horizontal, no enam- 

el; upper tusks sharply pointed, re- 

curved, enamel band on outer surface; 

fighting, not feeding, organs. 

3. Eye sockets and auditory open- 

ings in normal position. 

4. Upper lip opposing lower incisors. 

5. Molars narrow and elongate, tri- 

lophodont, large central conules 

6. Shore or lowland habitat, hence 

frequently fossilized. 
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Palzomastodon 

Forests and savannas 

1. Facial and cranial proportions un- 

known. 

2. Tusks unknown. Upper tusks prob- 

ably circular in section, with lateral enamel 

band. 

3. Eye sockets and auditory openings 

in normal position. 

4. Upper lip probably forming a pro- 

boscis. 
5. Molars relatively broad, hexabuno- 

dont, subtrilophodont, central conules rudi- 

mentary. 

6. Probably of forest habitat, 

rarely fossilized. 

hence 



IV. REVISION AND SYNOPSIS OF GENERA, SPECIES, AND TYPES OF THE FAYUM 

PROBOSCIDEANS IN THE ORDER OF THEIR ORIGINAL DESCRIPTION 

Revistons (1901-1923).—The Faydm proboscideans described by Andrews (1901-1906), and added to by 

Pontier (1907), Schlosser (1911), Matsumoto (1922-1924), and Petronievics (1923), are so fundamentally im- 

portant and so confused in the present literature that it is necessary to give them a revision by themselves prior 

to the phylogenetic consideration which they will receive in Chapters III, VI, and VIII of this Memoir. This 
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Fig. 23. Section through the Upper Eocene and Lower Oligocene formations north of Lake Qurun, Fayim, Egypt 
Arrows indicate levels richest in remains of fossil mammals. Approximate geologic distribution of proboscidean types shown 

in right-hand column. After Andrews, Beadnell, Granger, and Osborn. Reproduced from Osborn, 1910.346, p. 199, fig. 89 

revision is chiefly based on the authority of Dr. H. Matsumoto (1922, 1923, 1924), who reviewed the entire Fayam 

collection of the American Museum and the original type collection of the British Museum for the purpose, 

inasmuch as neither Osborn nor Andrews had been able to verify these observations in detail. In 1905 Andrews 

(1905, p. 562) observed that the species of the genus Palzomastodon fall into two groups; in 1922 Matsumoto (1922, 

p. 1) divided these groups into two genera, viz.: Palzomastodon Andrews and Phiomia Andrews and Beadnell. 

In general Osborn accepts Matsumoto’s main conclusions, which have a very important bearing on the 

phylogeny of the Proboscidea. 

The geologic levels of the type and genotype specimens are indicated in the above diagram. The Qasr-el- 

Sagha beds are now regarded as Upper Eocene; the Fluvio-marine beds as Lower Oligocene. 
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SPECIES OF THE FAYUM PROBOSCIDEA IN ORDER OF THEIR ORIGINAL DESCRIPTION 

OriGINnAL NAME REFERENCE IN 

PRESENT Memoir 

1. Fluvio-marine beds Palzomastodon Beadnelli Andrews, 1901 Genotype of Palzomastodon 

2. Qasr-el-Sagha beds Meritherium lyonsi Andrews, 1901 Genotype of Meritherium 

3. Fluvio-marine beds Phiomia serridens Andrews and Beadnell, 1902 Genotype of Phiomia 

& 4. Qasr-el-Sagha beds Meritherium gracile Andrews, 1902 = Meritherium gracile 

E 5. Fluvio-marine beds Meritherium trigodon Andrews, 1904 = Meritherium trigodon 
© 6. Fluvio-marine beds Palzomastodon minor Andrews, 1904 = Phiomia minor 

g 7. Fluvio-marine beds Palzomastodon parvus Andrews, 1905 = Palzomastodon parvus 

E 8. Fluvio-marine beds Palzomastodon wintoni Andrews, 1905 = Phiomia wintoni 

z 9. Fluvio-marine beds Paleomastodon Barroisi Pontier, 1907 Bees: See Gece 
fe Phiomia minor (?) 

4 10. Fluvio-marine beds Meritherium Andrewsi Schlosser, 1911 = Meritherium andrewsi 
11. Fluvio-marine beds Palzomastodon intermedius Matsumoto, 1922 = Palxomastodon intermedius 

12. Fluvio-marine beds Phiomia osborni Matsumoto, 1922 = Phiomia osborni 

13. Qasr-el-Sagha(?) beds Mceritherium ancestrale Petronievics, 1923 = Meritherium ancestrale 

Fig. 24. Geographic distribution of species of the Fayiim Proboscidea according to the heavy face numerals in preceding list. The white dots within the 

black areas represent the approximate localities where the types of these thirteen species were found; the figures in the circles represent the species. 

Mastodon [ = Phiomia| pygmxus Depéret, 1897, from Algeria, omitted in this map (see Fig. 189). 

GroLocic LevELs oF M@rITHERIUM SpeEciES.—The above chronologic list of species was corrected by 

Andrews himself as to geologic level; thus the genotype (Meritheriwm lyons?) as well as the type of Meritherium 

gracile are both from the Qasr-el-Sagha beds, whereas a referred specimen of Meritheriwm lyonsi(?) as well as 

the type of Meritherium trigodon are from the overlying Fluvio-marine series. It is this referred specimen of 

Meritherium lyonsi(?) which Schlosser selected as the type of Meritherium andrewst. 

It is not known whether these smaller, intermediate, and larger species constitute two geologic ascending 

series; itis probable that they do. 

QuARRY DisTRIBUTION REcorpDs.—The shifting river-channel sands and gravels in which the species of 

Meritherium, Phiomia, and Palzomastodon were deposited are exposed in different quarries; the numerous speci- 

mens referable to these three genera and six species found by the American Museum Expedition of 1907 were 

recorded as occurring in Quarry A, Quarry B, and Quarry C, or at various distances from these chief quarries. 
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Perhaps future examination of these quarry (A, B, C) records will enable us to determine the relative geologic 

levels. So far as examined the American Museum quarry records do not indicate the separation of the species by 

the quarries, e. g., from Quarry B are recorded the following species: Palzomastodon parvus,a single specimen; P. 

intermedius, two specimens; P. beadnelli, one specimen; Phiomia minor, seven or more specimens; P. wintoni, thirty 

or more specimens. Thus the same Quarry B of the American Museum records contains three species of Palzo- 

mastodon and two species of Phiomia. This demonstrates that Quarry B represents a very long period of deposition. 

The very progressive species Phiomia osborni was found eight miles west of Quarry A; it undoubtedly represents 

a higher geologic level. See full quarry records in American Museum card catalogue, also as printed by Matsu- 

moto (1923, 1924). 

GroLogic LEVELS OF PALHZOMASTODON AND PHIOMIA Species.—Andrews informs us that the type of Palzo- 

mastodon beadnelli came from the very base of the Fluvio-marine series, 50 feet below the typical level of Phiomia; 

yet P. beadnelli is the largest and most progressive species of the true Palzomastodon. Unfortunately we have as 

yet no record of the geologic levels on which were found the type specimens into which six species of Palzo- 

mastodon and Phiomia are now divided, namely: 

Large, progressive specific stages Phiomia osborni Palzomastodon beadnelli 

Intermediate specific stages Phiomia wintoni Palzomastodon intermedius 

Small, primitive specific stages Phiomia minor Palzomastodon parvus 

The associated mammalian and reptilian fauna with these species of proboscideans is shown in the Andrews 

table (1906, p. ix) reproduced herewith. 

Fluvio-marine Series (4 in Section).—Variegated sands, sandstones, clays, and 
warls, with limestone-grits and thin bands of limestone. In the lower beds of 
this Series are large numbers of silicified trees associated with vertebrate remains, 
including :—Arsinoitherium zitteh, A. andrewsi, Saghatherium antiquum, S. minus, 
S. magnum, S. majus, Megalohyrax eocanus, M. minor, Paleomastodon beadnelli, 

250 P. wintoni, P. parvus, P. minor, Meritherium (?) lyonsi, M. trigonodon, Phiomia 
a serridens, Ancodon gorringei, A. parvus, A. sp., Rhagatherium cegyptiacum, 

Geniohyus mirus, G. fajumensis, G. major, Hyenodon sp., Pterodon africanus, Fig. 25. Complete faunal list 
Apterodon macrognathus, Sinopa ethiopica, Eremopezus eoceenus, Crocodilus articeps, | (1906) of the Upper Eocene (155) 
O. megarhinus, Tomistoma gavialoides, Testudo ammon, T. beadnelli, T. isis, Qasr-el-Sagha Series, also of the 
Stereogenys libyca, Podocnemis fajumensis, P. blanckenhorni with var. ovata, Pelo- | yor Oligocene (250) ‘Sinwig: 
medusa progaleata, Aetobatis sp. simrinw Hesiod of Muni kane 

; Andrews, 1906, p. ix. Compare 

Qasr-el-Sagha Series (Carolia Beds) (5 in Section).—Alternating limestones, marls, | figures 11, 12, and 23. 
clays, and sandstones. The vertebrate remains include :—Meritherium lyonsi, | 
M. gracile, Barytherium grave, Eosiren libyca, Zeuglodon osiris, Crocodilus sp., 

155 Tomistoma africanum, Psephophorus eocenus, Thalassochelys libyca, Podocnemis 
antiqua, P. stromeri and var. major, Stereogenys cromert, S. podocnemioides, 
Gigantophis garstini, Pterosphenus schweinfurthi, Fajumia schweinfurthi, Socnopea 
grandis, Pristis fajumensis, P. ingens; Eopristis reinachi, Propristis schweinfurthi, 
Myliobatis sp., Carcharodon sp. 

Bartonian. 

| Upprr MoxKartram. 

ORIGINAL DESCRIPTIONS AND PRESENT REFERENCE.—The remaining pages of the present Chapter II are 

devoted to the firm establishment of Charles W. Andrews’ types, type figures, type descriptions, and type geologic 

levels, in accord with the monographic system which prevails throughout this Memoir. It is'‘a token of Andrews’ 

signal ability as a paleontologist that he interpreted so accurately the chief characters of this proboscidean fauna 

from materials invariably scattered and more or less fractured in the course of fluvio-marine deposition. In 

italics is given Andrews’ original reference, e.g., Palzomastodon minor Andrews, 1904; in heavy face is given 

the present generic and specific reference, e.g., Phiomia minor Andrews, 1904. It is earnestly hoped that these 

references, representing years of labor on the part of Andrews, Matsumoto, and the present writer, may stand 

and be accepted as a basis of future monographic research. 



ORIGINAL DESCRIPTIONS IN CHRONOLOGIC ORDER (1901-1923) 

COMPARE WITH REVISED DESCRIPTIONS IN CHAPTERS III, VI, AND VIII 

Palzomastodon beadnelli Andrews, 1901 

Figures 2, 26, 34, 41, 41a, 90-95, 97; see also page 147 

Fluvio-marine formation of the Fayaim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

This was the first proboscidean to be described from the 

Fay(im and was properly given the name Palzomastodon, namely, 

the ancient Mastodon. 

(Andrews, letter, 1922): The type was found at the very base 

of the Fluvio-marine beds, Lower Oligocene, 50 or 100 feet below 

the Phiomia level; this genotype specimen, with a very large 

femur and humerus, was the only true Palzomastodon material 

recovered. 
Palzomastodon Beadnelli Andrews, 1901. Zoologist, Vol. V 

(4), August 15, 1901, pp. 318, 319 (Andrews, 1901.1); name only. 

Tageblatt des V Intern. Zoologen-Congresses, Berlin, No. 6, 

August 16, 1901, p. 4 (Andrews, 1901.2), notice; published volume 

(Verhandlungen) dated 1902, see especially p. 528. Geol. Mag., 

Dec. IV, N.S., Vol. VIII, pp. 400-409, September, 1901 (Andrews, 

1901.3); description and figure. Typr.—(Op. cit., 1901.3, 
p.401): . . . ‘‘nearly complete left ramus of the mandible of a 

Proboscidean.” In Andrews’ supplementary description “A 
Descriptive Catalogue of the Tertiary Vertebrata of the Faytim, 

0 e-sixth Fic. 1.—Left ramus of mandible of Paleomastodon Beadnelli. natural 
size. (A) From above; (B) outer surface. 

Fig. 26. Original type figure of Palzomastodon beadnelli Andrews, 1901. 

After Andrews, 1901.3, p. 401, fig. 1, A, B. (Op. cit., p. 401): .. . ‘nearly 

complete left ramus of the mandible of a Proboscidean.” Original (Geol. 
Mus., Cairo, C. 10014) destroyed; cast Brit. Mus. M. 8059; cast Amer. 

Mus. 9984. One-sixth natural size. 

Egypt” (1906, p. 150, Pls. x11-xvi, text figs. 50, A, 51) the type 

specimen is given as “‘ Left ramus of mandible with pm. 4 (broken) 

and m. 1-3 (Pl. xv, figs. 1, 14); Geological Museum, Cairo.” 

Original (Geol. Mus., Cairo, C.10014) destroyed in Custom House 

at Cairo; cast in British Museum (M.8059), also cast in American 

Museum (Amer. Mus. 9984). Horizon anp LocaLiry.— 
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Fluvio-marine beds, Lower Oligocene, Fayfim, Egypt. TYPE 

Ficgure.—Andrews, 1901 3, p. 401, fig. 1, A, B. 

Andrews (1901.3, p. 401) observes: ‘‘One of the most impor- 

tant specimens found in the higher beds (probably Lower Oligocene) 

is the nearly complete left ramus of the mandible of a Proboscidean, 
which is in many respects similar to that of Mastodon angustidens, 

but belonged to a much smaller and in several respects more gen- 

eralized form.” Andrews (1904, p. 115) added the following meas- 

urements of the type and supposed female specimen of P. bead- 

nelli in comparison with P. minor: “This species may be called 

Palzomastodon minor; its dimensions compared to those of P. 

beadnelli are shown in the following table. . . 

P.[=Phiomia] minor P. beadnelli _ P. beadnelli 
(? female) (type) 

m.3 47 mm. 65 mm. 78 mm. 

m. 2 AD pe 5D) Gone 

m. 1 oot Aliortt 48> 

pm. 4 Do ee 39. 48‘ 

pm. 3 280 30 ? 

Matsumoto (1922, p. 3) confirms Andrews’ description of 1901 

and adds Amer. Mus. 13481 as a referred specimen. In 1924 

(p. 4) he distinguishes Palxomastodon beadnelli from P. interme- 

dius and P. parvus as follows: 

“3 Length of lower molar series measuring 194 mm.; 

that of lower premolar and molar series, 285mm. (Andrews’ 

type) beadnelli 

2.—Length of lower molar series measuring 159 mm. (type 

[Amer. Mus.] 14547); that of upper molar series, 150-152 

mm. (paratype [Amer. Mus.] 13449); that of upper premolar 

and molar series, 250 mm. (ditto) intermedius. 

1.—Length of lower molar series measuring 130 mm.; 
that of lower premolar and molar series, 197 mm. 

(Amd rews tyne) ae cette eile oleae est etsy 

Meritherium lyonsi Andrews, 1901 

Figures 2, 27, 41a, 42, 42a, 43, 44, 49; see also page 72 

Qasr-el-Sagha formation of the Fayim, Egypt=Middle Eocene of 

Andrews= Upper Eocene of the present Memoir. 

This was the second proboscidean to be described from the 

Faytim and was very appropriately given the name Meritherium, 

in reference to the ancient Lake Merris of the Greeks. 

Meritherium lyonsi Andrews, 1901. Tageblatt des V Intern. 

Zoologen-Congresses, Berlin, No. 6, August 16, 1901, p. 4 

(Andrews, 1901.2), notice; published volume (Verhandlungen) 

dated 1902, see especially p. 528. Geol. Mag., Dec. IV, N. S., 
Vol. VIII, pp. 400-409, September, 1901 (Andrews, 1901.3), 

description and figure; also “A Descriptive Catalogue of 

the Tertiary Vertebrata of the Fayim, Egypt,” 1906, 

pe 120) Piss vin. DX, ox Typer.—(Andrews, 1906, p. 120): 
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“Mandible associated with upper molars and a dorsal vertebra.” 

Geol. Mus., Cairo, C.10000; cast Amer. Mus. 9977. Horr- 

ZON AND Locauiry.—Qasr-el-Sagha beds, Upper Eocene, 

Fayfim, Egypt. Tyre Ficgure.—Andrews, 1901.3, p. 404, 
fig. 2. 

One-fourth natural size. (A) Ups 
eft 

Fig. 27. Original type figure of Meritherium lyonsi Andrews, 1901. 

After Andrews, 1901.3, p. 404, fig. 2. (Andrews, 1906, p. 120): ‘Mandible 
associated with upper molars and a dorsal vertebra.’’ Geol. Mus., Cairo 

(C. 10000); cast Amer. Mus. 9977. One-fourth natural size. (Andrews, 

1901.3, p. 404, fig. 2): A, Upper teeth (C.10001) =paratype; A, B, portions of 
large skull, B showing front of snout with tusklike second incisors (C.10002, 

cast Amer. Mus. 9978)=paratype; C, left ramus of mandible from outer side 

(C. 10000)=type. (See Fig. 44.) 

The referred Meritherium lyonsi (?) recorded by Andrews in 

the overlying Fluvio-marine beds was chosen as the type of 

Meritherium andrewsi by Schlosser. Matsumoto (1923, p. 124) 

distinguishes the two species of the Qasr-el-Sagha formation as 

follows: 

“(1.) Larger form of the Qasr-el-Sagha Formation. Lower 

premolars very short: P*4 [P24], ca. 69 mm. (Andrews); 
lower molars very long, M:-s, ca. 104 mm. (Andrews). All the 

lower cheek-teeth very wide. Po, triangular, its widest part 

corresponding to the posterior lobe. P*4, 67-78 mm.; 

MLSS amma (ANGLO WS) / a. ajs.0.5.-s0e6 « sae salle O M. lyonsi. 
(2.) Smaller form of the Qasr-el-Sagha Formation. Lower 

premolars not very short in comparison with the length of 

lower molars: Ps-;, ca. 62 mm. (specimens in the American 

Museum); lower molars very short: M;-;, 83 mm. (specimen 

in the American Museum). All the lower cheek-teeth are 

narrow. P24, 62 mm. (Andrews); M!*%, 75—ca. 79 mm. 

AUC WS) Reet Petri is Nett Src ces « sce nicurtets M. gracile.” 

Matsumoto (op. cit., p. 125) adds the following information 
from the American Museum collection: 

Amer. Mus. 13444; “two of the three fragments of mandibular 

rami of this specimen number appear to belong to this species. 

They are very peculiarly weathered, as a characteristic of the 

weathered specimens from the Qasr-el-Sagha Formation, with 

much-weathered and badly preserved molars in situ. Qasr-el- 

Sagha Formation of the Fayim.” 

“The dimensions of the teeth of these fragments, in compari- 
son with those of Andrews’ specimens, are tabulated as follows 

(in mm.): 

| Lower Teeth Upper Teeth 

{Amer. Mus.] 

13444 ditto (Andrews) 

(Andrews) 
fv ss De 

length AY Se” 22 7 (Pb eae tA 

P 2 \ width ae aig 23? 
P3 length Peery en 38 26-5. «ts <n Phar 

width ne ek SOND Ae beh eee 

P4 length io eee | Deee Meet w Scie 

width oS ih eo Di Dery hs Sea 

length Sue Mateen MONO ZO Me. Beater 

M1) width ee a ee 
M2 length 29 28 35 BEN aa OO. crore 

width 25. 251" 39 2aV ar t28 a. A Sectnee 

M3 length 40 39 42 sete OO) oul oletst 
width 28 28 30 Lee eee 30+! 

Length of P 24 69+! 68 Sr a Dears 

Length of M 1-3 104+! datro EOD ernie 

‘These dimensions are estimated from Andrews’ figures.”’ 

Phiomia serridens Andrews and Beadnell, 1902 

Figures 28, 180, 181; see also page 239 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

This was the third proboscidean to be described from the 

Faydm and was appropriately given the name Phiomia, the Greek 

equivalent of the province now known as the Fay(im. 

Phiomia serridens Andrews and Beadnell, 1902. “A Pre- 
liminary Note on Some New Mammals from the Upper Eocene 
of Egypt,” Survey Dept., Pub. Works Ministry, Cairo, 1902, pp. 

1-9 (original description); “Descriptive Catalogue of the Terti- 

ary Vertebrata of the Fayim, Egypt,”’ Andrews, 1906, pp. 169-171 
(supplementary description), Pl. xvm, figs. 4, 4a. TyPE.— 

Anterior portion of a left mandibular ramus, bearing Di, and Dp>-s 

in situ; Geological Museum, Cairo (C.10007); cast Amer. Mus. 

9981. Horizon AND LocaLity.—Beds of the Fluvio-marine forma- 

tion (Lower Oligocene), Fayim, Egypt, north of Birket-el-Qurun. 

Type Figure.—Andrews and Beadnell, 1902, figs. 1, 2. Matsu- 

moto (letter, 1921) remarks of the referred specimen shown in fig- 

ure 3 (op. cit., 1902) that it is not the type and not a proboscidean. 

Matsumoto (letter, 1921): Schlosser first pointed out that 

this genus and species might be merely a juvenile form of a 

Palzxomastodon [{i. e., Phiomia] (Neues Jahrb. f. Min., Vol. I, Pt. I, 

1905, p. 157, Referate); Andrews accepted Schlosser’s view, after 

securing a beautifully preserved mandible of a very young Palzo- 
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mastodon {i.e., Phiomia] probably referable to Ph. wintoni (Andrews, 

Geol. Mag., Dec. V, N.S., Vol. IV, 1907, p. 97); though the type 

specimen is merely a very young individual, it shows certain indica- 

tions that it might belong to the wintoni-minor type of Palzomas- 

todon [i. e., Phiomial, as distinguished from the beadnelli-parvus 

type; moreover, the specific name Phiomia serridens antedates any 

of the specific names of the wintoni-minor type. 

Matsumoto (1924.1, p. 14) remarks that the genotype of 

Phiomia serridens Andrews is a species probably identical with 

Palzomastodon [=Phiomia] wintoni Andrews, 1905; or possibly 

with Palzomastodon [=Phiomia] minor Andrews, 1904. 

Osborn, 1924: The type (genotype) cast of Phiomia serridens 

is close in size to P. wintoni; this observation is validated by 

another but slightly larger milk tooth specimen, namely, Amer. 

Mus. 13458. 

PHIOMIA SERRIDENS. 

of the mand/ble 

Anterior portion of left ramus 

Dorsal aspect 

PHIOMIA SERRIDENS . 

of the mandible. 

Anterior portion of left ramus 

Lateral aspect 

Fig. 28. Original type figure of Phiomia serridens Andrews and Bead- 

nell, 1902. After Andrews and Beadnell, 1902, figs. 1 and 2. Anterior portion 
of a left mandibular ramus, bearing Diz and Dp»-3 in situ; Geol. Mus., Cairo 

(C. 10007), cast Amer. Mus. 9981. One-half natural size. 

Meritherium gracile Andrews, 1902 

Figures 29, 41, 42a, and 45; see also page 73 

Qasr-el-Sagha formation of the Fayim, Egypt=Middle Eocene of 

Andrews =Upper Eocene of the present Memoir. 

Meritherium gracile Andrews, 1902. “Preliminary Note on 
some Recently Discovered Extinct Vertebrates from Egypt,” 

Geol. Mag., Dec. IV, N.S., Vol. [X, pp. 291-295 (original descrip- 

tion); ‘‘Descriptive Catalogue of the Tertiary Vertebrata of the 
Faytim, Egypt,” 1906, pp. 127, 128 (supplementary description), 

Pl. xvu, figs. 1, 2. Typr.—(Andrews, 1906, p. 127): ‘An im- 

perfect skull . . . including the palatal region, associated with 

cervical, dorsal, and lumbar vertebre; Geological Museum, Cairo.” 

OSBORN: THE PROBOSCIDEA 

Geol. Mus. Cairo [C.10003]; cast Amer. Mus. 9979. Horr 

ZON AND Locatiry.—(Andrews, 1906, p. 127): “Qasr-el-Sagha beds 
(Middle [Upper] Eocene): north of Birket-el-Qurun,” Fay(im, 

Egypt. Typs Ficurn.—Andrews, 1906, Pl. xvu, figs. 1, 2. 

Matsumoto (1922, p. 5, 1923, p. 125) rightly characterizes 

Meritherium gracile as the small species of the Qasr-el-Sagha beds. 

His definition of this species is as follows (op. c7t., 1923, p. 125): 

““(2.) Smaller form of the Qasr-el-Sagha Formation. Lower 

premolars not very short in comparison with the length of 

lower molars: P:-s, ca. 62 mm. (specimens in the American 

Museum); lower molars very short: M;-;, 83 mm. (specimen 

in the American Museum). All the lower cheek-teeth are 
narrow. P*4, 62 mm. (Andrews); M', 75—ca. 79 mm. 

(Annidtews))a:csca2 ss oeisievceeme clei caeracraciotie M. gracile.” 

The additional information based on the American Museum 

collection from the Qasr-el-Sagha formation of the Faytim is 

quoted below (Matsumoto, 1923, p. 128): 

» 

Fig. 29. Original type figure of Meritheriwm gracile Andrews, 1902. 

After Andrews, 1906, Pl. xvu, figs. 1, 2. (Op. cit., p. 127): ‘‘An imperfect 

skull . . . including the palatal region, associated with cervical, dorsal, and 

lumbar vertebre;” Geol. Mus., Cairo (C. 10003), cast Amer. Mus. 9979. 

(Fig. 1) . . . “anterior portion of skull, palatal view: one-third nat. size. 

Qasr-el-Sagha beds (Middle Eocene).” (Fig. 2) . . . “occipital region of 

same skull, posterior view; one-third nat. size. Same horizon.” 

Amer. Mus. 13443; ‘mandible, with P;-M; of the left side 
and M,, of the right side in situ. [Amer. Mus.] 13444; one of the 

three fragments of mandibular rami of this specimen number, with 

badly preserved molars in situ. [Amer. Mus.] 13445; fragment of 

a right mandibular ramus of a young individual, with the teeth 

broken away. [Amer. Mus.] 13446; fragment of a left mandibular 

ramus, with the crowns of the teeth broken away. All from the 

Qasr-el-Sagha Formation of the Fayam.” 

“The mandible of [Amer. Mus.] 13443 measures 305 mm. in 

length without incisors, 8.5 mm. in length of symphysis, 55 mm. 

and 50 mm. in the distance between the two first molars and the 

two last molars respectively, 225 mm. in the bicondylar width and 
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76 mm. in the height of the mandibular ramus at M, without 

the teeth. In this specimen the symphysial depression already 

cited is observed to be present. In the fragmentary mandible of 

{Amer. Mus.] 13446, the same depression is clearly observed, also.”’ 

“The dimensions of the cheek-teeth of the specimens at hand, 
in comparison with those of Andrews, are tabulated as follows (in 

mm.): 

Upper 
Lower Teeth Teeth 

[Amer. Mus.] [Amer. 
13443 Mus.] | (Andrews) | 

right-left 13444 

{length uate; secs ae 22 
P 2 ) width ie ie ee 

length Se 22 oats 20 

P3 \ width Lee 15 .. | 23 
length res 21 acre 20 

e4 width roe 18 swe PAY ere 

M1 length 23 23 22 23% 25 

width 20 19 19? 23 «21 

oJ length 28 28 27 a 27 | 
width 22.5 23 22 25 23° | 

length 34 33 aan 28 28 

width 24 24 ile! | aa 55 | 
Length of P24 | 63+ Gis. wos MietnOMe TL | 

(alveoli) (ditto) 

Length of M 1-3 84 84 cee mea) ¢ 923-4 

a 
This dimension is estimated from Andrews’ figure.” 

“Thealveoliof each I, and I?of themandible of [Amer. Mus.] 13443 
measure 10 mm. and 20 mm. in transverse diameter, respectively ; 

the lateral extension of, and the minimum distance between, the 

two alveoli of lower tusks are 50 mm. and 9 mm. respectively. 

The two alveoli of first incisors are situated just below and anterior 
to the part corresponding to minimum distance between the two 

alveoli of tusks. Judging from these alveoli, the lower first incisors 

might be located not strictly inside, but inside and below and 
anterior to, the pair of lower tusks, which might be rather closely 

set to each other. These lower tusks appear to be distinctly smaller 

than those of M. lyonsi and andrews?.” 

Meritherium trigodon Andrews, 1904 

Figures 30, 42, 42a, 46, 49; see also page 74 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

Meritherium trigodon Andrews, 1904. “Further Notes on the 
Mammals of the Eocene of Egypt,” Geol. Mag., 1904, Dec. V, 

N. S., Vol. I, pp. 109-115 (original description); ‘‘Descriptive 
Catalogue of the Tertiary Vertebrata of the Fayim, Egypt,” 

1906, pp. 128, 129 (supplementary description, including change of 

name, i. e., trigodon to trigonodon). Typr.—(Andrews, 1904, 

p. 112):... “portion of the right ramus of a mandible containing 

the three molars: of these m.3 is in perfect and unworn condition, 

while m.2 and m.1 have lost portions of their outer sides.” Brit. 

Mus. M.8499; cast Amer. Mus. 9980. HoRIzON AND 

Locauiry.—(Andrews, 1906, p. 128): ‘“‘Fluvio-marine beds 

(Upper Eocene {Lower Oligocene]); north of Birket-el-Qurun,” 

Fayim, Egypt. Type Ficure.—Andrews, 1906, Pl. rx, fig. 5. 

m.2. 

Fig. 30. Original type figure of M@ritherium trigodon Andrews, 1904. 

After Andrews, 1906, Pl. rx, fig. 5. (Andrews, 1904, p. 112): ... “portion 

of the right ramus of a mandible containing the three molars: of these m.3 
is in perfect and unworn condition, while m.2 and m.1 have lost portions of 

their outer sides.” Brit. Mus. M.8499; cast Amer. Mus. 9980. Natural size. 

Marsumoro, 1923, p. 134.—Meeritherium trigodon is a smaller 

form of the Fluvio-marine formation. In revising the American 

Museum collection, Matsumoto refers the following specimens to 

this species (p. 134): 
Amer. Mus. 13430; ‘greater part of a full-grown skull, bear- 

ing all the upper cheek-teeth in situ.” 
Amer. Mus. 13431; “fragment of a skull, including a greater 

part of a right half of palate, bearing P*-M$ in situ.” 

Amer. Mus. 13433; “left M? attached to a fragment of upper 

jaw.” 
Amer. Mus. 13435; “fragment of a right ramus of mandible, 

with all the cheek-teeth in situ.” 
Amer. Mus. 13436; “fragment of a left ramus of mandible, 

with all the cheek-teeth in situ.”’ 

Amer. Mus. 13439; “right P, and M,, with their roots 

broken away.” 
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On this material M. trigodon is redefined as follows (Matsu- 

moto, 1923, p. 125): 

“(4.) Smaller form of the Fluvio-marine Formation. 

Lower premolars not very short in comparison with the length 

of lower molars: P24, ca. 63 (specimen in the American Mu- 

seum)—70 mm. (ditto, as well as Andrews); lower molars 

rather short: My-3, 93 (specimens in the American Museum)— 

98 mm. (Andrews). All the lower cheek-teeth very narrow: 

P., fusiform in upper view, its widest part corresponding to 

the middle part. P?4, 60-63 mm. (specimen in the American 

Museum); M'?, 83-85 mm. (ditto). Skull, small and lightly 

PROBOSCIDEA 

9982. Horizon AND Locauity.—(Andrews, 1906, p. 168): 

“‘Fluvio-marine beds (Upper Eocene [Lower Oligocene]): north 

of Birket-el-Qurun,’ Fayim, Egypt. Tyre Ficgure.— 

Andrews, 1906, Pl. xtv, figs. 1, 1a, and text fig. 50 D, p. 143. 

Tyree Description.—(Andrews, 1904, p. 115): ‘‘A portion of 

the right ramus of a mandible shows that there existed in the Upper 

Eocene beds a species of Palzomastodon considerably smaller than 

P. beadnelli, even allowing for a very wide range of individual varia- 

tion in size in that species. . . . This species may be called Palzo- 

mastodon minor; its dimensions compared to those of P. beadnelli 

are shown in the following table . . . 

built. Sagittal and occipital crests very strong. Zygomatic 

width very large in comparison with the length of skull. P.[=Phiomia] minor P. beadnelli __ P. beadnelli 
Distance between the external auditory openings, as well as (?female) (type) 
the width of occiput, very large.............. M. trigodon.” m. 3 47 mm. 65 mm. 78 mm. 

Matsumoto (op. cit., p. 134) gives a detailed description of the m. 45" 48 tae 65re 

six specimens in the American Museum listed above as referred m. 1 oot able ace AS. 
to this species, concluding (p. 137) with the detailed measure- pm. 4 250 Sy) 48“ 

ments of the grinding teeth as follows (in mm.): pm. 3 Pah S10 ? 

Lower Teeth Upper Teeth 

[Amer. Mus.] (Andrews) [Amer. Mus.] 

13435 13436 13439 13430 13431 13433 

right left 

P2 length 19.5 23? 23 19 22? 
width 10 11 11 21 18? eae 

P38 length 22 24? 25 23 23.5 24 

width 15 14? Neh We s5 |) 2s 24? 25? 

P4 length 23 23.5 25 24 22) 20:5 20 22 

width 18 18.5 19 1 20h ee eee 23? 25.5 
M1 length 27 24 27.5 26 27 | 25 22 24 

width 21 19 21 oe 21 | 25 26.5? 24 een 

M2 length 29 31 32 29 28 30 29 
width 24 24 ne 28 27 25? 24 

M3 length 37 37 40 31 32 30 
\ width 26.5 25 NE re: 26.5 27 26 

Length of P 2-4 63 70 on th) 60 63 aes 

Length of M 1-3 93 93 98 85 83 84 

Phiomia minor Andrews, 1904 

Figures 31, 34, 178, 179, 182, 183; see also page 239 

Fluvio-marine formation of the Fayfim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

Palzomastodon minor Andrews, 1904. “Further Notes on 

the Mammals of the Eocene of Egypt,’’ Geol. Mag., 1904, Dec. V, 

N.S., Vol. I, p. 115 (original description); ‘Descriptive Catalogue 

of the Tertiary Vertebrata of the Faytim, Egypt,’ 1906, pp. 168, 

169 (supplementary description), Pl. xtv, figs. 1, 1a, and text fig. 

50D, p. 148. Typr.—(Andrews, 1904, p. 115): ... “part 

of the ramus [right] and the coronoid process of an immature 

mandible, in which m.3 has not yet been cut, although it is 

completely developed.” Brit. Mus. M.8479b; cast Amer. Mus. 

(Andrews, notes, 1922): ‘These measurements [of P. bead- 

nelli] are no doubt from a specimen of P. wintoni.”’ 

Matsumoto (1924.1, p. 16) reviews the type of Paleomastodon 

minor Andrews and transfers it to the genus Phiomia. He then 

compares it very carefully with specimens referred by Andrews to 

Palzomastodon beadnelli and to P. [Phiomia] wintoni, also with 

the type of Palzomastodon barroisi Pontier, and concludes that 

Phiomia minor is a valid species which may be clearly. distin- 

guished from both Phiomia wintoni and P. osbornt. 
He refers to Phiomia minor (1924, pp. 18, 19) eighteen speci- 

mens in the American Museum collection, of which the principal 

numbers are the following (also Matsumoto, 1922, p. 3): Ameri- 

can Museum referred specimens Nos. 13469, 13471, 13475, 13483, 
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13486, 13448, 13455, 13461, 13464, 13465, 13467. Of the total 

number of eighteen specimens it is important to note that Quarry B 

and vicinity yielded ten specimens; Quarry B also yielded Phiomia 

wintoni in abundance. Quarry A yielded three specimens of P. 

minor, also P. wintoni; one important specimen, namely, Amer. 

Mus. 13469, was found eight miles west of Quarry A. 

Type oF PHIOMIA MINOR 

Fig. 31. Original type figure of Palzomastodon minor Andrews, 1904. 

After Andrews, 1906, Pl. x1v, figs. 1, 14, and text fig. 50 D (see present Memoir 

Fig. 34D), p. 143. (Andrews, 1904, p. 115): . . . ‘‘part of the ramus [right] 

and the coronoid process of an immature mandible, in which m.3 has not yet 
been cut, although it is completely developed.” Brit. Mus. M.8479b, cast 

Amer. Mus. 9982. One-half natural size. 

The following (Matsumoto, 1924.1, p. 20) are the detailed 

measurements of the mandibles: 

“The mandibles of the specimens Nos. 13469, 13471 and 13475, 

in comparison with one described by Andrews, measure as follows 

(in mm.). 
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NorMAL AND VARIANT CHARACTERS OF P. MINOR (Mat- 

suMoTO, 1924.1, pp. 19-21).—(1) Amer. Mus. 13469 bears an extra 

pair of incisors, I; or C, just behind the enlarged I, or C; these 

extra teeth are either third incisors or canines. (2) Mandible of 

Amer. Mus. 13471 very large in its dimensions [referable to 

Phiomia wintoni]. (3) Skull (Amer. Mus. 13448) bearing all the 

upper cheek teeth, P’-M’*, measured and described by Matsumoto 
in detail. 

Palwomastodon parvus Andrews, 1905 

Figures 32 and 34; see also page 146 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 
Andrews = Lower Oligocene of the present Memoir. 

Palxomastodon parvus Andrews, 1905. “Note on the Species of 

Palxomastodon,’’ Geol. Mag., 1905, Dec. V, N. S., Vol. II, pp. 

562, 563 (original description); “Descriptive Catalogue of the 

Tertiary Vertebrata of the Fayfim, Egypt,” 1906, pp. 162-168 

(supplementary description), text figs. 50C, p. 143, and 55, p. 163. 

Typr.—(Andrews, 1905, p. 562): . “right ramus of the 

mandible, with the premolars and molars in situ, though somewhat 

crushed.”’ Brit. Mus. M.8479a; cast Amer. Mus. 9976. Horr- 

zON AND Locatiry.—(Andrews, 1906, p. 163): ‘‘Fluvio-marine 

beds (Upper Eocene [Lower Oligocene]): north of Birket-el- 

Qurun,” Fayim, Egypt. Type Ficure.—Andrews, 1906, text figs. 

50C, p. 143, and 55, p. 163. 

Type Description (Andrews, 1905, p. 562).—In his paper 

Andrews observes the two sections of Palzomastodon, subsequently 

separated by Matsumoto into Palzomastodon and Phiomia: 

“The species of Palxomastodon fall into two sections, in one of 

which the posterior end of the symphysis of the mandible is situated 

considerably in front of the level of the anterior premolar, while in 

the other it is only very little in front of that point. The first 

group, moreover, is distinguished by the comparative simplicity 

of the molars, in which the accessory cusps are scarcely at all 

developed, and by the small size of the talon of the last lower molar; 

into this subdivision the original species, P. beadnelli, falls, 

MEASUREMENTS OF PHIOMIA MINOR 

Amer. Mus. 13471=PHIOMIA WINTONI 

Length from Tip of Symphysis to Posterior Side of 

Angle 

Length of Symphysis 

Length from Tip of Symphysis to Posterior Side of Mz 

Minimum Antero-posterior Width of Ascending Bar 

Maximum Width of Anterior Half of Symphysial 

Region 

Minimum Width at the Constriction of Symphysial 

Region 

Height of Ramus at Ps 

Ditto at My; 

Ditto at Anterior Lobe of Ms 

Height of Ascending Bar at Condyle 

[Amer. Mus.] |[Amer. Mus.][Amer. Mus.] 
13469 13471 13475 Andrews 

Young; Young; 

prob. 9 prob. o prob. 2 prob. 

435+ 590+ 600 
137 215 226 

ae 435 475 
122 155 

65 
| 

60 5. bes 55 | 
61 83 70 

59 90 72 
we 82 

112+ 190 



60 OSBORN: THE 

together with a much smaller form for which the name P. parvus 

is now proposed. The type-specimen of this new species is the 

right ramus of the mandible, with the premolars and molars in 

situ, though somewhat crushed.” 

Matsumoto (1922, p. 2) confirms Andrews’ type description 

of 1905 and type figure of 1906 and adds as a single Ameri- 

can Museum specimen No. 13497 from the upper Fluvio-marine 

formation of the Fayfiim. (Matsumoto, 1924.1, p. 4): “Length 

of lower molar series measuring 130 mm.; that of lower pre- 

molar and molar series, 197 mm. (Andrews’ type)... . [P.] 

parvus.” (Op. cit., p. 4): [Referred] Specimen.—{Amer. Mus.] 

No. 13497; a left lower third molar; Amer. Mus. Exp. 1907, 

Quarry B, Fluvio-marine formation, Fayim, Egypt. This tooth 

measures 52 mm. in length and 32 mm. in width. It is longer 

than and as wide as the lower third molar of Andrews’ type, 

which is stated by Andrews to be 46 mm. long and about 32 

mm. wide.” 

Osborn, 1924: Osborn confirms Andrews’ and Matsumoto’s 

opinion as to the specimens of P. parvus, namely, the unique type 

and the referred specimen, and gives a description also measure- 

ments in comparison with Palzomastodon beadnelli and P. 

intermedius (Chap. VI, pp. 148, 146, 147). 

Text-fig. 55. 

Right ramus of mandible of Paleomastodon parvus. Type specimen. 

Fig. 32. Original type of Palzomastodon parvus Andrews, 1905. After 
Andrews, 1906, text fig. 55, p. 163 (see also our Fig. 34C). (Andrews, 1905, 

p. 562): . . . “right ramus of the mandible, with the premolars and molars 

in situ, though somewhat crushed.’’ Brit. Mus. M.8479a; cast Amer. Mus. 

9976. One-fourth natural size. 

Phiomia wintoni Andrews, 1905 

Figures 33, 34, 178, 179, 182, 183; see also page 241 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews= Lower Oligocene of the present Memoir. 

Palzomastodon wintoni Andrews, 1905. “‘Note on the Species 
of Palxomastodon,” Geol. Mag., 1905, Dec. V, N.8., Vol. II, pp. 

562, 563 (original description); ‘Descriptive Catalogue of the 
Tertiary Vertebrata of the Fayim, Egypt,’ 1906, pp. 156-162 

(supplementary description), text fig. 538, p. 157. TyPE.— 

(Andrews, 1905, p. 563): . . . ‘a mandible with the incisors and 
posterior molars in situ.” (Andrews, 1906, p. 156): ‘‘A mandible 

wanting the angular region and the anterior cheek-teeth. . . ; 

British Museum.” Brit. Mus. M.8414. Cast (Amer. Mus. 14557) 

of two teeth from type mandible, r. Mo-s. Horizon AND 

Locauiry. — (Andrews, 1906, p. 157): ‘Fluvio-marine beds 

(Upper Eocene [Lower Oligocene]): north of Birket-el-Qurun,” 

Faytim, Egypt. Type Fieurn.—Andrews, 1906, p. 157, 

text fig. 53. 

PROBOSCIDEA 

Text-fig. 53. 

Mandible of Palaomastodon wintoni, type specimen, from above. 

cond., condyle; cor., coronoid process ; d.c., dental canal; ¢., incisor. The premolars and first molar 

on the left side have been restored from another specimen. 

Tyre oF PHIOMIA WINTONI 

Fig. 33. Original type figure of Palzomastodon wintoni Andrews, 1905. 

After Andrews, 1906, text fig. 53, p. 157. (Andrews, 1905, p. 563): ... “a 

mandible with the incisors and posterior molars in situ.”” (Andrews, 1906, p. 
156): ‘‘A mandible wanting the angular region and the anterior cheek-teeth 

... 3 British Museum.” Brit. Mus. M.8414; cast Amer. Mus. 14557. One- 

eighth natural size. 

Tyre DescripTion.—(Andrews, 1905, p. 563): . . . “the 

other is a much larger form, and is important as_ being 

probably the commonest of all the species; for this the 

name P. wintoni is suggested, in honour of Mr. W. E. de 

Winton, by whom the expenses of my third collecting trip to 

the Faytim were defrayed. It is considerably larger than 

P. parvus and P. minor, but smaller than P. beadnelli. From this 
last species it is also distinguished by (1) the extension back of 

the symphysis so that its posterior end is only just in front of the 

anterior premolar; (2) the position of the mental foramen on 

the side of the symphysis instead of behind it; (3) the greater 

complication of the molars and their greater length in proportion 

The second and third lower molars of: A, Paleomastodon beaduelli (left side); B, P. wintont 

(left side); C, P. parvus (right side); D, P. minor (right side). All % nat. size. 

Fig. 34. After Andrews, 1906, text fig. 50, p. 148, all reduced from 

two-thirds to one-half natural size. Type second and third lower molars, as 

named in the present Memoir. 
A, Type: Palzomastodon beadnelli (left side), type specimen, Cairo 

Museum, My and M3. B, Type: Phiomia wintoni (left side), type specimen, 

British Museum, My and M3. C, Type: Palzomastodon parvus (right side), 

type specimen, British Museum, Mz and M3. D, Type: Phiomia minor 

(right side), type specimen, British Museum, Mz and M3. 

i Sa 
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to their width; the last lower molar consists of three transverse 

crests and a distinct talon. The type-specimen is a mandible with 

the incisors and posterior molars in situ.” 

P. winton1 Revision.—Matsumoto (1922, p. 3) points out 

that the immature type of Phiomia serridens {see also P. minor], 

referred specimens of Palzomastodon beadnelli Andrews, 1901, and 

cotypes of Paleomastodon barroisi Pontier, 1907, may all belong 

to the same animal, namely, Phiomia wintoni Andrews, 1905. He 

also adds twenty-seven referred specimens from the American Mu- 

seum collection of 1907. Matsumoto (1924.1, pp. 24-40) gives a 

clear and very able review of the characters of this dominant 

species, referring to it fifty-five specimens in all. 

Phiomia barroisi Pontier, 1907 

Figure 35 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 
Synonym of Phiomia minor and of P. wintoni. 

Paleomastodon Barroisi Pontier, 1907. “Sur une espéce 
nouvelle de Paleomastodon (Paleomastodon Barroisi).”’ Ann. Soc. 

géol. du Nord, XXXVI, pp. 150-154. Typr.—Last left 

superior and inferior molars. Horizon AND LOCALITY. 
Bartonien of the Fayim, Egypt. Type FicurEs.—Pontier, 

1907, pp. 150, 151, text figs. 1, 2. 

Fic. 4 

Paleomastudon Barroisi Pontier 

Arriére molaire superieure gauche 

Echelle « 3/5. 

Fig. 35. Type figures of Paleomastodon Barroisi Pontier, 1907. 

Fic. 2 

Paleomastodon Barroisi Pontier. 

Arriére molaire infétieure gauche. 

Echelle : 3/5. 

After Pontier, 1907, pp. 150 and 151, text figs. 1 and 2. 

superior and inferior molars. Three-fifths natural size. 

Last left 

Matsumoto (1922, p. 3) considers that Paleomastodon barroisi 

is a synonym in part of Phiomia minor Andrews, 1904, and in part 

of Phiomia wintoni Andrews, 1905. He observes (1924.1, p. 16, foot- 

note): ‘The last lower molar of Pontier’s two cotypes falls within 

the limit of variation of P. minor; it may belong to the supposed 

male types of the same species.’’ (Op. cit., p. 24, footnote) ‘The 

last upper molar of Pontier’s two cotypes appears to me to belong 

to the presumed female type of the species [P. winton?].”’ 

Osborn, 1924: Osborn confirms Matsumoto’s reference and 

considers that the two cotypes of Palzomastodon barroisi Pontier 
may come within the limits of male and female specimens of 

Phiomia minor and of P. wintoni. 

Meritherium andrewsi Schlosser, 1911 

Figures 2, 36, 37, 41, 42, 42a, 46, 49, 51; see also page 74 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

Meritherium Andrewsi Schlosser, 1911. ““Beitriige zur Kennt- 

nis der Oligoziinen Landsiiugetiere aus dem Faytim: Agypten.’’ 

Fig. 36. Type figure of Meritherium Andrewsi Schlosser, 1911. After 

Andrews, 1906, Pls. v1 and rx; specimens provisionally referred to Meri- 
therium lyonsi by Andrews. Geological Museum, Cairo (C. 7867); cast Amer. 

Mus. 9983. One-fourth natural size. 

Beitr. Pal. Geol. Osterr.-Ung., XXIV, p. 130. Typr.— A 
young, nearly complete skull, Geological Museum, Cairo (C.7867), 

sast Amer. Mus. 9983; paratypes, also based on specimens 

referred by Andrews to Meritherium lyonsi, namely, right and 

left series of lower premolars and molars in almost perfect preserva- 

tion (Brit. Mus. M.8501), right lower premolars of another individ- 

ual (Cairo Mus. C.8127), and right upper premolars of a large 

individual (Brit. Mus. M.8500). Horizon AND LOCALITY.— 

(Andrews, 1906, Pl. rx): “Fluvio-marine beds (Upper Eocene 

[Lower Oligocene]),” Fayfim, Egypt. Tyre Ficure.— 

Andrews, “Descriptive Catalogue of the Tertiary Vertebrata of 

the Fayim, Egypt,” 1906, Pls. vit, 1x (skull and teeth from the 

Fluvio-marine formation provisionally referred to M. lyonsi by 

Andrews). 
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Matsumoto (1922, p. 5) confirms Schlosser’s definition of 
Meritherium andrewsi based on the larger form from the Fluvio- 
marine (skull, Geol. Mus., Cairo, C.7867) which Andrews had 
referred *to Meritherium lyonsi, type figure Andrews, 1906, Pls. 
vit and 1x. In 1923 (p. 125) he describes MW. andrews as follows: 

Speciric Cuaracters.—“(3.) Larger form of the Fluvio- 
marine Formation. Lower premolars not very short in comparison 
with the length of lower molars; Ps-4, 70 (specimen in the American 
Museum)—73 mm. (Andrews); lower molars rather long: M}-3, 99 
(Andrews)—100 mm. (specimen in the American Museum). Allthe 
lower cheek-teeth are narrow. Ps, fusiform in upper view, its widest 

Andrewsi Schlosser, 1911. 

Oligocene) Fluvio-marine beds. 

specimens 

Andrews. 

Fig. 2. Paratype, Brit. Mus., M.8501. Figs. 3,3a. Para- 

type, Geol. Mus., Cairo (C.8127). Fig. 4. Paratype, Brit. Mus., 

M.8500. Natural size. 

Observe the primitive tetrabunodont form of the Meritheri- 

um andrewsi molars 
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Fig. 37. Paratype and referred specimens of Meritherium 

All from ‘‘Upper Eocene” (= Lower 

After Andrews, 1906, Pl. 1x; 

provisionally referred to Meritherium lyonsi by 

(See also our Fig. 36.) 

part corresponding to the middle part. P?*,70-75 mm. (Andrews) ; 

M'®, yet unknown, but M!*, ca. 61 mm. (British Museum, east in 

the American Museum). Skull large and heavily built. Sagittal 

crest rather weak. Zygomatic width rather small in comparison 

with the length of skull. Distance between the two external audi- 

tory openings, as well as the width of occiput, small, being smaller 

even than in the next form [M. trigodon]...........M.andrewsi.” 

REFERRED SPECIMENS (Matsumoto, 1923, p. 129).—‘‘[Amer. 

Mus.] No. 13432; right half of a full-grown skull, without teeth, 

well preserved in the limit of the parts represented. [Amer. Mus.] 

No. 13434; right upper tusk, vz. I?, with well-worn crown. Extra 
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no.; left first upper incisor, with imperfectly preserved crown. 

{Amer. Mus.] No. 13437, greater part of a mandible, with the right 

series of cheek-teeth, except P, which might have been acciden- 

tally lost in the life of the animal, and with left Mo; in situ. All 

from the Fluvio-marine Formation of the Fay(im.”’ 
Matsumoto (op. cit., pp. 129,132) observes that while Schlosser’s 

type and the specific name Meeritherium andrewsi are valid, 

Schlosser erred in referring to this species other specimens which 

belonged to Merithertum trigodon. We gives detailed descrip- 

tion and measurements of referred skull (Amer. Mus. 13432) in 

comparison with M. trigodon, as well as detailed comparative 

measurements with the Andrews-Schlosser type; also char- 

acters and measurements of the first upper incisors, I', of the second 

upper incisors, I’, which constitute the tusks, also of the third upper 

incisors, I’, which are rarely found. A referred I* has a triangular 

crown, it measures 14 mm. in length, 8 mm. in width, and 13 mm. 

in height of crown. All three upper incisors of Meritheriwm 

andrewsi appear to have had the crown and root well differentiated. 

In the lower tusks, Iz, one measures 28 mm. in length of crown, 

as compared with 38 mm. in length of crown in I’. 

Osborn, 1924: Osborn confirms Matsumoto’s reference of this 

large Fluvio-marine species, and with the codperation of Doctor 

Matsumoto restores the skull (Fig. 42) of Merithertum andrewsi- 

trigodon partly with the aid of M. lyons materials. 

Paleomastodon minus Andrews, 1905=Phiomia minor 

Palzomastodon minus Andrews, 1905. “Note on the Species 

of Palzomastodon,”’ Geol. Mag., 1905, Dec. V, N. 8., Vol. II, p. 

562. 
(Andrews, letter, 1922): “This was only a slip, later in the 

same paper P. minor was used.” 

Palwzomastodon intermedius Matsumoto, 1922 

Figures 38, 39, 49, 88, 91-94, 300; see also page 146 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

Palxomastodon intermedius Matsumoto, 1922. ‘Revision of 
Palzomastodon and Meritherium. Palxomastodon intermedius, 

and Phiomia osborni, New Species,” Amer. Mus. Novitates No. 51, 

November 21, 1922, pp 1-6. iypu;—(Opi cit. pr2)ie 

“fragment of left mandibular ramus bearing all three molars in situ, 

with parts of alveoli of penultimate and last premolars.” Amer. 

Mus. 14547. Paratypes: Amer. Mus. 13480, ‘‘a fragment of left 
mandibular ramus bearing last molar and posterior root of penulti- 

mate molar zm situ.” Amer. Mus. 13449, palate. Amer. Mus. 

14548, maxilla, P*M?. Horizon and Locauity.—Fluvio- 

marine formation (Lower Oligocene), north of Lake Qurun, Fayim, 

Egypt. Paratypes: Amer. Mus. 13480, southwest of Quarry B; 

Amer. Mus. 13449, Quarry A; Amer. Mus. 14548, north of Lake 

Qurun. Type Ficurr.—Op. cit., p. 2, fig. 1. 

Tyre Description.—Matsumoto’s original description is as 

follows (op. cit., 1922, p. 2): 

“ Palzomastodon intermedius, new species. Type: American 
Museum No. 14547; fragment of left mandibular ramus, bearing 
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all three molars in situ, with parts of alveo’: of penultimate and 

last premolars.” 

“Paratype: American Museum No. 13480; a fragment of left 

mandibular ramus bearing last molar and posterior root of penulti- 

mate molar in situ.” 

“American Museum referred [paratype] specimens: 
13449, 14548.” 

“All from Fluvio-marine formation.” 

Nos. 

Fig. 38. Palzomastodon intermedius Matsumoto, 1922. Type and 

paratype specimens. After Matsumoto, 1922, p. 2, fig. 1, p. 3, fig. 2. A, 

Type specimen, fragment of left mandibular ramus (Amer. Mus. 14547). 

One-third natural size. External view. B, Paratype specimen, fragment 

of left mandibular ramus (Amer. Mus. 13480). One-third natural size. 

Superior view. 

“The palate of paratype specimen of Palzomastodon inter- 

medius, No. 13499 [13449], measures as follows: ”’ 

Length from the frontal plane tangential to the 
anterior limits of the crowns of the two P? 

to the tip of the posteriorly directed process 

at the posterior limit of the median suture 

between the two palatines.................250 mm. 

Distance between the two P?... . ..... ...... . 53 mm, 

Distance between the two M!.................. 77mm. 

Distance between the two M®.................. 75 mm.” 

“All the upper molars are distinctly bilophodont, as a generic 

character, the rudiment of the third ridge being much feebler 

and much less conspicuous than that of the lower molars. The 

mode of wearing corresponds well to what is stated of the lower 

molars. Besides, all the generic characters of all the cheek teeth 
of this species are the same as those stated in the diagnosis of the 

genus.”’ 
CHARACTERS OF PALHOMASTODON INTERMEDIUsS (Matsumoro, 

1924.1, ep. 10).—In this Bulletin Palxomastodon intermedius is 

described and measured in great detail from four specimens. (1) 
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2 s 

laeomastodon intermedius 
Amer. Mus. 13449 Paratype 

1/4 nat. size 

laeomastodon intermedius 
Amer. Mus. 14547 Type 

Fig. 39. Type jaw and paratype skull of Palzomastodon intermedius 

Matsumoto assembled and refigured in lateral view. One-fourth natural size. 
B, B1, Type jaw of P. intermedius (Amer. Mus. 14547). The cavity may 

represent a hollow space within the jaw or a continuation of the alveoli of the 
lower incisors. B1, Crown view of same type jaw. 

A, Al, Paratype skull fragment of P. intermedius (Amer. Mus. 13449), 

lateral view. A1, palatal view of same specimen. 

Compare figure 93 of Chapter VI, enlarged diagram of hexabunodont third 
superior and inferior molars. 

The type (Amer. Mus. 14547); the paratypes (Amer. Mus. 13480), 

a fragment of left mandibular ramus from near Quarry B, also 

“Quarry B [A]. . . [Amer. Mus.] No. 13449; a large fragment of 

skull consisting chiefly of the palate, bearing anterior premolars 

(P?) and all molars of both sides in situ, and with alveoli of penulti- 

mate and last premolars of both sides; Amer. Mus. Exp. 1907. 

[Amer. Mus.] No. 14548; a fragment of skull and palate, bearing 

penultimate premolar to penultimate molar of left side in situ; 

purchase, 1909. All the specimens, Fluvio-marine formation of the 

Fayim, Egypt.’ (2) ‘In all the lower molars [M;-s] the third 

ridge is rather poorly developed, being distinctly narrower than the 
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first and second ridges; the posterior valley is distinctly narrower 

antero-posteriorly and shallower than the anterior valley; so that 

the third ridge looks simply like a talon. As a generic character, 

the very bottoms as well as the walls of the valleys were worn, 

even in the very earlier stages of wearing.”’ (3) “All the upper 

molars are distinctly bilophodont, as a generic character, the rudi- 

ment of the third ridge being much feebler and much less conspicu- 

ous than that of the lower molars. The mode of wearing 

corresponds well to what is stated of the lower molars. Besides, all 

the generic characters of all the cheek teeth of this species are the 

same as those stated in the diagnosis of the genus.” 

Phiomia osborni Matsumoto, 1922 

Figures 2, 17, 40, 41, 41a, 90, 171, 185, 185a, 187, 222, 258, 283, 286, 300, 316, 

430; see also page 244 

Fluvio-marine formation, eight miles west of Quarry A, Alexandria 

Trail, Fayam, Egypt=Upper Eocene of Andrews =Lower Oligocene of the 

present Memoir. 

Phiomia osborni Matsumoto, 1922. “Revision of Palzo- 
mastodon and Meritherium. Palzxomastodon intermedius, and 

Phiomia osborni, New Species,’ Amer. Mus. Novitates No. 51, 

November 21, 1922, pp. 1-6. Typr.—(Op. cit., p.3): ... “a 

nearly complete mandible, bearing all the teeth zn sztu.”” Amer. 

Mus. 13468. Type Locatiry.—Eight miles west of Quarry A, 

Alexandria Trail, Fayfiim, Egypt. Type Ficure.—Op. cit., p. 

Fig. 40. Original type figure of Phiomia osborni Matsumoto, 1922. After 

Matsumoto, 1922, fig. 3. Type specimen, mandible (Amer. Mus. 13468). 

One-seventh natural size. Lateral view, right side. 

Typr Drscription.—Matsumoto’s original description (1922, 

p. 5) is as follows: “This species, Phiomia osborni, appears to 

be more progressive than Phiomia minor and Phiomia wintoni in 

the better developed posterior ridge of the first and second lower 

molars and in the better developed posterior talon of the last lower 

molar; and to be more archetypal than the same in the more 

gradual increase in size posteriorly of the lower cheek teeth.” 

CHARACTERS OF PHIOMIA OSBORNI (Matsumoto, 1924.1, pp. 

40-49).—The type (Amer. Mus. 13468) is regarded as a male and 

detailed measurements of mandible and teeth are given in compari- 

son with a supposed female of Phiomia wintoni (Amer. Mus. 13476). 

(1) Judging from the large last molars, Ms, as well as from the 

large symphyseal region and tusks, this mandible is regarded as 

a male with the following principal measurements: 

Length from tip of symphysis to posterior 

SIGeOManple wee. cence 1s ae ee eka 

ene thvofsymphysisee iit sire rare 

Length of premolar-molar series.......... . .250-255 

Length of true molar series..............4.-- 177-180 “ 

640 mm. 

Diy 
“ce 
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(2) The cheek teeth occupy relatively more space than in the 

supposed female of P. wintont (Amer. Mus. 13476); mandible 

shorter behind symphysis than in P. wintoni female (Amer. Mus. 

13476), see also Andrews, 1906, text figure 54 of P. wintoni. 

(3) Thus this supposed male type of P. osborni appears to have a 

shorter jaw behind the mandibular symphysis than the supposed 
female of P. wintonz; this indicates a post-symphyseal reduction 

of the jaw in P. osbornt. (4) The left and right lower tusks protrude 

58 mm. and 83 mm. respectively from the jaw; each has a distinct 

notch at the tips which may be the result of wear in digging 

and uprooting plants. (5) Symphysis extends back as far as the 

middle part of P;. (6) Lower premolars comparatively large and 

elongate. (7) The last lower molar, M;, extremely elongate and 

comparatively narrow although not beyond the limit of variation 

of M; in P. wintoni. (8) Posterior cheek teeth, Mj-;, increasing in 

size more gradually than in P. wintoni; posterior lobe of P, 

distinctly wider than anterior lobe; differences of proportion are 

observed in the premolar teeth in both P. minor and P. wintoni. 

(9) Posterior talon of M; constitutes an imperfect fourth lobe con- 

sisting of two prominent cusps, besides a few smaller cuspules, an 

important progressive character. (10) Basal cingula of all molars 

very strong. (11) Intermediate cusps (trefoils) well developed. 

65 

Summary (Matsumoto).—This species appears to be more 

progressive than P. minor and P. wintoni in the more strongly 

developed posterior ridge of the first and second lower molars, M;-2, 

and in the better developed posterior talon of the last lower molar, 

M;; and to be more primitive than the same in the more gradual 

increase in size posteriorly of the lower cheek teeth, My-. 
Nothing is yet known about the skull and upper teeth; it 

is of course possible that some of the fragments of the skulls 

and some of the upper teeth referred to P. wintoni may really 

belong to P. osborni, although it is impossible at present to 

be certain of this. 

Osborn, 1924: Osborn confirms Matsumoto’s separation of 

this animal and adds drawings and diagrams showing its distinct- 

ness from Palzomastodon beadnelli and also illustrating the progres- 

sively distinct trilophodont structure of M; and Mb, and the tetra- 

lophodont structure of Ms. 

Meritherium ancestrale Petronievics, 1923 

Figure 47; see also page 76 

Qasr-el-Sagha(?) formation of the Fayam, Egypt=Middle Eocene of 

Andrews = Upper Eocene of the present Memoir. 

A full account and figure of this recently described species of 

Meritherium are given in Chapter III of the present Memoir. 

SYNOPSIS OF SPECIES IN ORDER OF PHYLOGENY AND THEIR PRESENT REFERENCE 

LOWER OLIGOCENE FLUVIO-MARINE BEDS 

REFERENCE IN PRESENT MEMOIR 

Palzomastodon beadnelli 
MASTODONTIDA Feet at intermedius 

Palzomastodon parvus 

Phiomia barroisi 
Phiomia osborni 

BUNOMASTODONTIDA® Phiomia serridens 
Phiomia wintoni 
Phiomia minor 

M@RITHERIID® Meritherium trigodon 
Meritherium andrewsi 

Upper Eocene QASR-EL-SAGHA BEps 
IM eritherium lyonst 

M@RITHERIIDA Meeritherium gracile 
\Meritherium ancestrale 

ORIGINAL REFERENCE 

Palzomastodon beadnelli 
Palxomastodon intermedius 
Palzomastodon parvus 

Paleomastodon barroisi 
Phiomia osborni 
Phiomia serridens 
Palzxomastodon wintoni 
Palzomastodon minor 

Meeritherium trigodon 
Meritherium andrewsi 

Meritherium lyonsi 
Meritherium gracile 
Meritherium ancestrale 

According to their present reference these Faytim species, treated in chronological order of description above, 

will be treated in subsequent chapters in the order of their relationships and phylogenetic succession, as follows: 

Phiomia: Fam. BUNOMASTODONTID&, Subfam. AMEBELODONTIN® (Chapter VIII). 

Palzomastodon: Fam. MASTODONTID®, Subfam. nov. PALAOMASTODONTIN (see Appendix). 

Meritherium: Fam. MG@ERITHERIID®, Subfam. MarirHeriina (Chapter ITI). 

To the above members of the Bunomastodontide should be added the Upper(?) Oligocene species Phiomia 

pygmzus originally described as Mastodon angustidens Cuy. mut. asc. pygmeus Depéret, 1897, and as occur- 

ring in the more recent formation of Kabylie, Algeria. 
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Uniform reduction to one thirty-sixth natural size 

Fig 41. When compared with the imaginary scene (Fig. 2, p. 18) on the ‘Ur-Nile’ or ‘ Ancestral- 

River-Nile’ of the Faydm region of North Africa, these reconstructions are designed to dispel the wholly 
erroncous notion that Meritherium, Phiomia, and Palzomastodon are in any way ancestral to each other. 

On the contrary, their cranial, dental, and skeletal characters show them to be profoundly different and 

divergent both in habit and habitat. The relative rarity of remains of Palzomastodon is consistent with 

its interpretation as a forest-loving form, in contrast to the more abundantly represented shore-loving 

Phiomia and the still more frequent water-loving Meritherium. 
(Upper) Palzomastodon beadnelli Andrews, after material described by Andrews, Matsumoto, and 

Osborn. Cranium, ears, proboscis, and tusks largely conjectural. 
(Left lower) Phiomia osborni Matsumoto, after cranial and skeletal parts described by Andrews, 

Matsumoto, and Osborn. 

(Right lower) Meritherium andrewsi Schlosser. After materials described by Schlosser, Andrews, 

and Matsumoto, and cranial reconstruction by Osborn (Fig. 42, p. 68). 

Of the three restorations, Palzomastodon is the most hypothetical; as shown in the figures of Chapter 
VI, “The Subfamily Mastodontine,’, besides the skeleton, only the jaw and palate are known, while the 

upper and lower incisive tusks, cranium and mouth parts, and cranio-aural parts are still unknown. 
Phiomia, on the other hand (as shown in Chap. VIII, pp. 236-247), is relatively well known in its cranial 

structure. Mcritherium is also relatively well known (Chap. III, pp. 67-79) both in cranial and limb 

structure. The mouth parts and feeding habits of Phiomia are deductible from our recent knowledge of its 

shovel-tusker descendants (Amebelodon), as conceived and restored by Osborn and Borissiak. 

ac \! , 
PALAEOMASTODON BEADNELLI 2328mm.7'734 © PHIOMIA OSBORNI © 1345mm..4/5’e MOERITHERIUM LYONS! 699MM.,2’3%"%e 

N. AFRICA  FAYUM N. AFRICA FAYUM N. AFRICA FAYUM 

Fia. 41a. RESTORATIONS ONE-HUNDREDTH NATURAL SIZE BY MARGRET FLINSCH, UNDER THE DIRECTION OF HENRY FatrrigLD OSBORN 
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CHAPTER III 

THE MCERITHERES (MCERITHERIOIDEA) OF NORTH AFRICA 

IN EOCENE-OLIGOCENE TIME 

IN THE PRESENT CHAPTER III IS GIVEN A DETAILED SYSTEMATIC REVISION OF THE SPECIFIC TYPES OF MCRI- 

THERES. 

SEE CHAPTER II FOR (a) SEPARATION OF THE MCERITHERES FROM OTHER PROBOSCIDEANS OF NORTH AFRICA, 

(B) SYSTEMATIC CLASSIFICATION OF THE MCRITHERES, (c) COMPARISON OF MCERITHERIUM WITH PHIOMIA, (D) 

RELATIONS OF MCRITHERIUM TO PALASOMASTODON AND PHIOMIA, (B) COMPLETE SEPARATION OF THESE THREE 

GENERA, (F) PHYLOGENETIC RELATIONS TO OTHER PROBOSCIDEANS, (G) PROBABLE AMPHIBIOUS AND FLUVIATILE 

HABITAT, (H) DETAILED COMPARISON OF THE GRINDING TEETH WITH THOSE OF PALZZ.OMASTODON AND PHIOMIA, 

AND (1) GEOLOGIC DISTRIBUTION OF M@RITHERIUM AS COMPARED WITH PHIOMIA AND PALASOMASTODON. 

1. Subordinal, family, subfamily, and generic characters. Type and characters of Meritherium andrewsi 

Reconstructions of Meritherium by Osborn. Schlosser, 1911. 
Type and characters of Meritherium trigodon 

Andrews, 1904. 
ial’ : Type and characters of Meritherium ancestrale 

Type and characters of Meritherium lyonsi An- Petronievies, 1923. 

drews, 1901. Meritherium molars compared in detail with those 
Type and characters of Meritherium gracile An- of Palzomastodon and Phiomia. 

drews, 1902. Supposed Meritherium of Baluchistan. 

2. Revised descriptions and definitions of the species 

of Meritherium in phylogenetic order. 

1, SUBORDINAL, FAMILY, SUBFAMILY, AND GENERIC CHARACTERS 

Meritherium is very fully treated in the preceding Chapter II, in comparison with the contemporary probo- 

scideans, by a complete review of the opinions and theories of Charles W. Andrews, who first recognized and 

described the genus (1901-1906) and the majority of the species embraced within it. Also see the opinions and 

theories of Hikoshichir6 Matsumoto and those of the present writer on the habits, habitat, and relationships of 

this genus, which, while standing apart from and not directly ancestral to any of the other Proboscidea, displays 

many primitive ancestral characters of the order Proboscidea that are lost in other phyla. 

In the present Chapter III it remains to complete the systematic description of the species of this genus, 

to define clearly the suborder Mceritherioidea and the family characters, to establish the types and type geologic 

levels of the species, to quote Matsumoto and Petronievies in their detailed studies of the cranial structure of 

Meritherium, and to make a very detailed comparison of the grinding teeth of M@ritherium and of Palzomastodon. 
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Ref@ A.14./5432 

EE 

Osporn’s RECONSTRUCTION (1920) or THE CRANIUM AND JAWS OF M@RITHERIUM ANDREWSI-TRIGODON TO BE COMPARED WITH ANDREWS’ 

Reconstruction (1906) or M. trons (Fra. 18). 

Fig. 42. Second reconstruction of the skull of Maritherium (M. andrewsi, M. trigodon), 1920, which is to be compared with the first 
reconstruction of M. lyonsi by Andrews (Fig. 18). 

This reconstruction by Henry Fairfield Osborn with the codperation of Dr. Hikoshichiré Matsumoto assigns chiefly a gliriform 

feeding function to the superior and inferior incisor teeth. There is no evidence that the upper incisor teeth were chiefly weapons or 

tusks, as indicated in the British Museum reconstruction and the model of the skull by Andrews (see Fig. 18). 

A, Al, Top and side views of skull chiefly based on Amer. Mus. 13432 (M. andrewsi), 13430 (M. trigodon). 

B, B1, Top and side views of jaw chiefly based on Amer. Mus. 13437 (M. andrewsi), 13436, 13435 (M. trigodon). 

The American Museum specimens were used as follows: For size and general characters No. 13432; for the first incisor No. 13442; 

for the second incisor No. 13434; the faint lines indicate position of the root of I?-Ip; for the structure of the grinding teeth Nos. 15898 

and 13430; for the structure of the pterygoids and occiput No. 13430. 

_ pr Ere we RP 
MOERITHERIUM ANCESTRALE MOERITHERIUM GRACILE MOERITHERIUM LYONS!  MOERITHERIUM TRIGODON MOERITHERIUM ANDREWS) 

500mm.,1'73/4"e 500mm.,1’734"e 699MM., 2’3Ye"e 625mmM.,2’/e"e 650MmM.,2/1v2"e 

Fig. 42a. Ancient Mceritheres of northern Africa. One-hundredth natural size. Restorations by Margret Flinsch, under the direction of 
Henry Fairfield Osborn. 
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SUBORDER OR SUPERFAMILY: I. MQ@RITHERIOIDEA Osborn, 1921 

Original reference: Amer. Mus. Novitates, No. 1, 1921, p. 2 (Osborn, 1921.515). 

SUBORDINAL CHARACTERS.—(1) Palustral, amphibious, and semi-aquatic quadrupeds, with ancestral 
genetic affinities to the Proboscidea in the dentition, and analogies to the Sirenia and Hyracoidea in the 
skull. (2) Vertebre estimated: Cervicals 7, dorsals 19-20, lumbars 4, sacrals 4; vertebral structure indi- 
cating an ambulatory and amphibious habit (fide descriptions of Andrews, 1906, pp. 112-117). (3) 
Girdles, scapule, and pelvis very primitive with analogies to the sirenian type, not expanded as in the 
proboscidean graviportal type. (4) Proportions of humerus and forearm unknown; humerus distally of 
primitive locomotor type. Femur with ligamentum teres pit, greater and lesser trochanter, absence of 
inner trochanter; straight, not unlike Proboscidea. (5) Probably pentadactyl. (6) Cranium primitive, 
greatly elongated, tubular brain cavity, small brain case of archaic type, zygomatic arches slender. (7) 
Face abbreviated, orbits small, nasals abbreviated. (8) Somewhat reduced eutherian dentition: 14, Cs, 
P%, M#. Second incisors, I’-I,, enlarged, curved, gliriform, partly surrounded by enamel. (?) Motion 
of jaw vertical-orthal. 

The subordinal characters are derived from the detailed observations, descriptions, and definitions of Andrews 

(1906, pp. 99-120), as confirmed by Osborn (1907-1923), and as extended by Matsumoto (1922-1923). The most 

recent review is that of Petronievics (1923) cited below under the description of Meritherium ancestrale. 

The numerous archaic and primitive characters in the trunk and limbs of these animals and the 

feeble muscular areas of the scapule and pelvic girdles appear to indicate that they had never passed through a 

long period of terrestrial locomotion either mediportal or graviportal, much less cursorial. Until the complete 

adaptation of the fore and hind limbs and the feet is known we cannot determine how far they were terrestrial or how 

far amphibious. The girdles and limbs are certainly more aquatic in adaptation than those of the hippopotami. 

On the other hand, the Meerithere limbs and girdles are not to be compared for a moment in aquatic adaptation 

with those of the contemporary sirenians. (See Fig. 43.) 

Conc.usion as TO Hasirs.—In the absence of a more complete knowledge of the limbs, we may conclude 

that the Mceritheres were chiefly shore-living or marsh-living animals, amphibious in shallow waters, adapted in 

dentition to a succulent vegetation which could be seized by the opposing upper and lower tusks and by the broad 

lips, which are sirenoid and hippopotamoid rather than elephantoid. 

FAMILY: M@RITHERIIDA Andrews, 1906 

Original Reference: “A Descriptive Catalogue of the Tertiary Vertebrata of the Fayim, Egypt” (Andrews, 1906.1, p. 99). 

DEFINn1TION.—The family Mceritheriidae Andrews may be redefined as follows: (1) Nares small 

terminal; (2) orbits opening upwards and outwards; (3) auditory meatus elevated, an aquatic adap- 

tation; (4) superior premolars, P**, tritubercular (quadritubercular in Phiomia and Palzomastodon), pre- 

molar tetartocones rudimentary or absent; (5) molars tetrabunodont (quadritubercular), bilophodont, 

with incipient trilophodonty, quadrate or slightly elongate in proportion; (6) superior molars, M' 

strictly bilophodont, M? with rudimentary third crest, M* with enlarged third crest; (7) inferior molars, 

M, trilophodont, rudimentary, M, trilophodont, trilophodonty not pronounced; (8) all three pairs of 

premolars and of molars of both jaws functioning at same time; (9) no trace of trefoil pattern or of in- 

termediate conules in any of the Meritheriwm molars. 

Of the eight characters assigned by Andrews (1906, p. 99) to his family Mceritheriide, five are included above 

as subordinal characters. We do not agree with Andrews when he remarks: . . . “‘probably a small proboscis 

was present,”’ because the structure of the muzzle proves that the animal had a square upper lip. 

The family Mceritheriide stands well apart in its dental adaptations from its contemporaries, either Palzo- 

mastodon or Phiomia. The food was seized by the gliriform incisors and there was an up-and-down or chopping 

motion (vertical-orthal) of the bilophodont, subtrilophodont grinders, as compared with the lateral grinding 
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motion of the molars in Palzomastodon and in Phiomia. The delicate zygomatic arches indicate feeble develop- 

ment of the masseter and temporal muscles. 

These family characters probably represent the climax in a long period of evolution. Close comparison of 

the grinding teeth of Maritherium (Fig. 49A, B, C) with those of Palzomastodon intermedius (Fig. 49D, E) 

indicates that they are tetrabunodont and sublophodont, and it also shows that Mcrritherium differs from 

Palxomastodon in the total absence of any trace of the ‘central conules’ in the molars. 

SUBFAMILY: MarirHeriNni Winge, 1906; MariraertNnas Osborn, 1923 

Original reference: “Jordfundne og nulevende Hovdyr (Ungulata) fra Lagoa Santa, Minas Geraes, Brasilien.” E. Museo Lundii, 

1906, III, p. 172 (Winge, 1906.1); also Amer. Mus. Novitates, No. 99, 1923, p. 1 (Osborn, 1923.601). 

SUBFAMILY CHARACTERS.—(1) First superior and inferior incisors, I'-I,, partly functional. (2) 
Second superior and inferior incisors, I’-I,, greatly enlarged. (3) Third superior incisors, I’, and su- 
perior canines, C, greatly reduced. (4) Third inferior incisors, I;, and inferior canines, C, entirely 
wanting. (5) Inferior molars, M,;, elongated, with rudimentary third lobe (tritolophid) behind the 
protolophid and metalophid. (6) Incisors sheathed in enamel. 

Winge’s definition of the subfamily Mceritheriini, which he included within the family Elephantide, corre- 

sponds with Osborn’s redefinition of the family Meeritheriide above. Inasmuch as Meritherium in its five 

included species, M. lyonsi, M. gracile, M. trigodon, M. andrewsi, and M. ancestrale, are the only Mceritheres 

known, the definition of this subfamily is merely a formal matter. 

It is not unlikely that other subfamilies of Mceritheriide will be discovered, especially if the Mceritheres should 

be traced into southern Asia, as suggested by Pilgrim, and should be found in other parts of the African continent. 

Genus: MC@ERITHERIUM Andrews, 1901-1906 

Original reference: Tageblatt des V Internat. Zool.-Cong., Berlin, No. 6, Aug. 16, p. 4 (Andrews, 1901.2). (Published Volume 

Verhandlungen, 1902, p. 528.) 

Genotypic species: Mcritheriwm lyonsi. 

GrenerRIC Cnaracters.—(Andrews, 1906, p. 99): Dental formula:—i.2; ¢.0; pm.3; m.3. The second 
incisors in both jaws greatly enlarged and tusklike: The’ last premolar not bilophodont; molars bilo- 
phodont. This genus is represented by several species, of which Meritherium lyonsi is the type. It is 
found in both the Middle and Upper Eocene deposits of the Fayim [=Upper Eocene and Lower 
Oligocene of the present Memoir. 

Matsumoto, 1923, p. 121.—After very detailed comparisons, not summed up in a generic definition, 

Matsumoto reaches the following conclusion: “I.—Natural Position of Meeritherium. It may be evident from 

the preceding statements that Meritherium differs strongly from either the hyracoids or the sirenians in many 

characters, on the one hand, and has many proboscidean and pre-paleeomastodont characters on the other hand. 

If much weight should be given to the sirenian resemblances of Meritherium, then more weight should be given 

to its hyracoid resemblances. In my opinion Meritherium is to be treated as a very archetypal member of 

the proboscideans as correctly stated by Andrews at the first.’’ Also: (1) Skull short in comparison with 

zygomatic width; (2) long nasofronto-parietal region in proportion to length of skull; (3) zygomatic arches 

relatively long; (4) sagittal and lambdoidal crests well developed; (5) orbits situated just above P** in Meritherium, 

just above M'* in Palxomastodon; (6) mandible relatively short; (7) diastemata relatively short; (8) ascending 

bars of mandible incline slightly forwards; (9) lower border of mandible ascending; (10) symphysis of mandible 

rather short; (11) upper [and lower] tusks short in comparison with those of the other proboscideans; (12) premolars 

large in proportion to the molars, the series of cheek teeth increasing gradually in size backwards; (13) ridge 

formula simpler than in Palzomastodon, much simpler than in Phiomia; (14) Meritheriwm structurally a pre- 

palzomastodont type, that is, Meritherium stands structurally as more primitive than Palzomastodon in twenty- 

three characters which are peculiar to it and also which indicate its remote relationship to Palzomastodon. 



2. REVISED DESCRIPTIONS AND DEFINITIONS OF THE SPECIES OF M@RITHERIUM IN 

PHYLOGENETIC ORDER 

Compare original descriptions of the same species in Chapter II, wherein the chronological order of description is clearly set forth. 

Consequently the reader is referred to both Chapters II and III and to the more recent paper of Petronievics for our present knowl- 

edge of the species of the genus Meritherium. 

Meritherium lyonsi Andrews, 1901 

See Chap. II, p. 54 

Qasr-el-Sagha formation of the Fayim, Egypt=Middle Eocene of An- 

drews= Upper Eocene of the present Memoir. 

The establishment of this species by Andrews and its descrip- 

tion, based on forty-six specimens contained in the British and 

Cairo museums from the Qasr-el-Sagha beds and one specimen in 

short: P24 [P24], ca. 69 mm. (Andrews); lower molars very long, 

M,3, ca. 104 mm. (Andrews). All the lower cheek-teeth very 

wide. P», triangular, its widest part corresponding to the posterior 

lobe. P?4,67-78 mm.; M'?,85mm. (Andrews)..... M. lyonsi.” 

It is this genotypie species M. lyonsi of the Upper Eocene 

Qasr-el-Sagha formation which furnishes the chief characters of the 

genus Meritherium as described and figured in great fullness by 

Fig. 44. Second type figure of Meritherium lyonsi Andrews, 1901. 

Cairo (C. 10000); cast Amer. Mus. 9977. One-third natural size. 

After Andrews, 1906, Pl. x, figs. 1, 14, 2, 8. Geol. Mus., 

Three individuals: (1, 14) Type specimen (C. 10000), mandible associated with upper molars and a dorsal vertebra (op. cit., 

p. 120); (2) “Upper molars and premolars found close to type” (p. 123), of the right side = paratype (C. 10001); (3) front portion 

of skull, side view (C. 10002, cast Amer. Mus. 9978) = paratype. 

the American Museum collection, are in part set forth in the 

systematic revision of this Memoir above, pages 54, 55. 

Speciric Cuaracters.—(Matsumoto, 1923, p. 124): ‘‘(1.) 

Larger form of the Qasr-el-Sagha Formation. Lower premolars very 

72 

Same as figure 27. 

Andrews (1906, pp. 99-126, Pls. v1, rx, and x). The detailed 

measurements and indices of the superior and inferior teeth in com- 

parison with those of M. gracile, M. andrewsi, and M. trigodon are 

transcribed and estimated from Matsumoto as follows: 
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Lower Teeth M. lyonsi M. gracile M. andrewsi M. trigodon 

l. Ww. Ip I Ww. iy l. Ww. | eal l. Ww. I. 

P, 22 16 73 24-26 11 -14 54 | 19.5-23 10 -11 48 

P; 23 21 90 22 15 68 | 27-29 17.5-19 65 | 22 -25 14? -17 68 

P, 25 23 90 21 18 86 | 24-25 21 87 22 -25 18 -20 80 

M, 26.5 24.5 92 22-23 19-20 87 | 28-30 21 -22 73 24 -27.5 19 —-21 76 

M, 28 -35 25 -30 86 27-28 22-23 82 32-34 26 -27 79 | 29 -382 24 83 

M; 39 -42 28 -30 71 33-34 24 72 37-40 26 -28 70 | 37 -40 24 -26.5 66 

P2-5 69+ 63+ 70-73 63+--70 

Mi. 104+ 84 | 99-100 93 -98 

I, width 20+ 28 | 20 

Upper Teeth 
iE? 27 23? 85 22 18 82 25-27 20 -22 81 | 19 -22? 18? -21 95 

Ps 26.5 29.5 111 20 23 115 25-26 28 -32 123 23 -24 24? -26 108 

P 23 27.5 119 20 21? =105 21-22 27 -29 132 | 20 -22 23? -25.5 116 

M' 29 27 93 23-25 21-23 92 29-32 25 -27 84 22 -25 24 -26.5 106 
M? 26? -30 23.5-28 93 24-27 23-25 92 | 32-33 28 -29 88 28 -30 24 -28 93 

M* 32 -37+ 28 -30+ 81 28 24-25 86 | | 380 -32 26 -27 84 
PA 67 —68 62 70-75 | 60 -63 

M* 85 | 75-79 | 83 -85 
I? width 28 26 21 

American Museum Couiection.—Matsumoto 

refers (1923, p. 125) to the species Meritherium lyonsi 

two of the three fragments of mandibular rami 

included in Amer. Mus. 13444; the other frag- 
ment of a ramus he refers (op. cit., p. 128) to M. 

gracile. his descriptions being included above in 

Chapter II, pages 54 and 56 respectively. 

Meritherium gracile Andrews, 1902 

See Chap. II, p. 56 

Qasr-el-Sagha formation of the Fayim, Egypt = Middle 

Eocene of Andrews= Upper Eocene of the present Memoir. 

This small form of the Qasr-el-Sagha beds 

Upper Eocene, is relatively rare, four specimens 

being described by Andrews from the British and 

Cairo museum collections while four are described by 
Matsumoto and Osborn from the American Museum collection. 

Speciric CuHaracrers.—(Andrews, 1906, p. 127): “This 

species is distinguished from M. lyonsi by its comparative lightness 

of structure, the narrowness of the palate, the smaller size of the 
upper molars and premolars, particularly of m. 3, the strong de- 

velopment of the cingulum in these teeth, and by the considerable 

inflation of the cranial region of the squamosal, which apparently 

contains extensive air-sinuses.”’ 

(Matsumoto, 1923, p. 125): ‘(2.) Smaller form of the Qasr- 

el-Sagha Formation. Lower premolars not very short in compari- 

son with the length of lower molars: Pe-s, ca. 62 mm. (specimens in 

the American Museum); lower molars very short: M3, 83 mm. 

(specimen in the American Museum). All the lower cheek-teeth 

are narrow. P*4, 62 mm. (Andrews); M'*, 75—ca. 79 mm. 

RRTELEGS CUE) MRED aah Rates ANS olor, aya wien Sees M. gracile.” 

Am.Mus.No 13443 

Am.Mus.No.13444 

Fig. 45. Meritherium gracile and M. lyonsi from the Qasr-el-Sagha for- 

mation, Upper Eocene of the Fayim. American Museum collection of 1907. 

After Matsumoto, 1928, figs. 3 and 4. 

Amer. Mus. 13443, M. gracile; mandible with P3-Mg of the left side 

and M;-3 of the right side in situ. 

Amer. Mus. 13444, M. lyonsi; one of the three fragments of the man- 

dibular rami, with badly preserved molars in situ. 
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Andrews (op. cit., 1906, pp. 127, 128) gives a detailed descrip- 

tion with measurements of the four specimens in the British Mu- 

seum; Matsumoto (op. cit., 1923, p. 128) also gives a detailed 

description with measurements of the specimens in the American 

Museum collection. In his comparison of the four species, Mat- 

sumoto’s detailed dental measurements are as above. 

PuyLoGENetic SummMAry.—From the limited materials at 

hand neither Andrews, Matsumoto, nor Osborn has been able to 

establish the phylogenetic or ancestral relationship of the Qasr-el- 

Sagha species (M. lyonsi and M. gracile) to the Lower Oligocene 

Fluvio-marine species (M. andrewsi and M. trigodon). 

We might suppose that the larger form M. lyonsi gave rise to 

the larger form M. andrews, but Matsumoto does not believe so. 

(1) Matsumoto observes that the larger Upper Eocene species M. 

lyonsi seems to be less closely related to its smaller contemporary 

M. gracile than the larger Lower Oligocene form M. andrewsz is to 

the smaller Lower Oligocene form M. trigodon; this inference is 

drawn from the absolute and relative dimensions of the grinding 

teeth. (2) M. andrewsi and M. trigodon appear to represent two 

entirely distinct species and not male and female representatives 

of the same species, as Schlosser has suggested. (3) So far as can be 

judged from the relative dimensions of the lower cheek teeth, M. 

gracile appears tq be more closely allied to the two geologically 

succeeding species M. andrewsi and M. trigodon than to its con- 

temporary M. lyonsi; in other words, it appears that M. gracile 

might be the ancestral type of both M. andrewsi and M. trigodon. 

Meritherium andrewsi Schlosser, 1911 

See Chap. II, p. 61 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of An- 

drews = Lower Oligocene of the present Memoir. 

This palustral animal, based on specimens referred to M. 

lyonsi by Andrews, occurring in the Fluvio-marine, beds with a 

rich terrestrial fauna, is naturally much less abundant than its 
predecessors in the Qasr-el-Sagha marine beds; it is represented by 

twelve specimens in the British Museum (all referred by Andrews 
to M. lyonsz) and by three specimens of M. andrewsz in the Ameri- 

can Museum, two of which (Amer. Mus. 13432 and 13437) have 

been largely used in the second reconstruction of the skull of 

Meritheritum shown in figure 42. As set forth in the systematic 

revision above (p. 61), Schlosser and Matsumoto have clearly 

separated and defined this larger form as a distinct species, M. 

andrewsi, named in honor of Charles W. Andrews. 

Speciric CHARAcTERS.—Matsumoto’s characterization (Mat- 

sumoto, 1923, p. 125) of this species is cited in full on pages 62, 63 
of this Memoir. These characters agree with the reconstruction of 

the skull by Osborn and Matsumoto shown in figure 42, in which it 

appears that there are considerable differences in size and propor- 

tions between the larger M. andrewsi (Fig. 36) and the smaller 

M. trigodon (Fig. 30). 

Meritherium trigodon Andrews, 1904 

See Chap. IT, p. 57 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of An- 

drews = Lower Oligocene of the present Memoir. 

American Musnum Couiection.—Meritherium trigodon is 

represented by the single type specimen (Brit. Mus. M. 8499) 

PROBOSCIDEA 

described by Andrews in 1904, and by six specimens in the American 

Museum collection, described, figured, and measured by Matsumoto, 

namely, Amer. Mus. 13430, 13431, 13433, 13435, 13436, 13439. 

The cranium is inferior in all its dimensions to the larger and 

more massive M. andrews? and there appear to be minor differences 

in the characters of the median and lateral incisors, I*, I. A well- 

preserved second right upper incisor, I’, with its casing of enamel 

(Fig. 42), illustrates the profound difference between the gliriform 

second superior incisor of M. andrewsi and the superior tusk of 

Phiomia (Fig. 183); observe especially the posterior surface 

beveled by the action of the second inferior incisor in contrast to 

the tusk of Phiomia which is worn on the internal side. Observe 

also the profound difference between the lower jaw in superior 

aspect (Fig. 42) and the lower dentition of Phiomia and Palzo- 

mastodon (Fig. 48) as seen in superior view; also the uniformly 

worn grinding series, P2-M;, of Amer. Mus. 13485 (Fig. 46), as 

compared with the successional wear in Phiomia. 

Speciric CHaracters.—(Andrews, 1906, pp. 128, 129—see our 

Fig. 30): “Type Specimen.—Posterior portion of right ramus of 

mandible (Pl. 1x, fig. 5); British Museum. This species is dis- 

tinguished by the form of the posterior lower molar, which nar- 

rows posteriorly, the talon consisting almost entirely of one large 

tubercle; also by the rapidity with which the teeth decrease in 

size from behind forwards. . . . This difference in the talons 

appears to justify the separation of the present form as a distinct 

species at least, and not improbably further material will show 

that a new genus must be established. The enamel of the whole 

tooth is raised into irregular ridges and small tuberosities. The 

dimensions (in centimetres) of the teeth are:— 

Length. Width. 

1s li, AOE eee 2.6 im 

1 EER RO EER has, Sines with 3.2 ? 

LOS ya RR Oe ec Bie RENE ost fOr 4 2.4 

The length of the molar series is 9.8 em.” 

Matsumoto’s definition (1923, p. 125) is cited above (pp. 57, 

58) under the systematic revision. He considers that Andrews lays 

too much weight on the shape and structure of the talonid or 
tritolophid of M; in distinguishing this species from M. andrewsi, 

remarking that the posterior talon of M; appears to be one of the 
most variable features in the teeth of Meritherium, and that its 

surface varies according to age and the degree of wearing action 

of the tooth. 
CRANIAL CHARACTERS.—Matsumoto observes (1923, p. 134) 

in his description of the skull: ‘The skull of [Amer. Mus.] No. 

13430 measures 240 mm. in the length from the point at which the 

vertical plane tangential to the anterior borders of both P? meets the 
median longitudinal line on the palate, to the basion, 145 mm. in 

the length from the same point to the median point of the posterior 

border of palate, about 180 mm. in the length from the anterior 

limit of the temporal vacuity in palatal view to the posterior lower 

border of squamosal, 42 mm. in the minimum width of the mid- 

cranial region (this dimension might be somewhat less than it 

ought to be in primary condition, as this part of this specimen 

appears to be crushed secondarily from side to side), 280 mm. in the 

zygomatic width, about 190 mm. in the distance between the upper 

borders of external auditory openings (including reliably restored 



MarirHERIUM TRIGODON (A-C, E, F) anp M. Anprews1 (D) From THE FLUVIO-MARINE ForMATION, LoweR OLIGOCENE OF THE Fayum. SEE Ficure 23 

Am.Mus.Na 13430 

Fig. 46. American Museum 

Collection of 1907. After Matsu- 

moto, 1923, figs. 1, 2, 6, 7, 8, and 9. 

A, B, Amer. Mus. 13430, M. 

trigodon, a full-grown skull, lateral 

and superior views; partly restored 

occipital and sagittal crests, nasal 
and symphyseal region, and anterior 

teeth. This skull is described and measured in detail hy Matsumoto (1923, p. 134) in his 

description of M. trigodon. About one-fourth natural size. (1) Observe the excessively 

slender, widely arching zygomata, the tubular cranial region, the slender sagittal and 

lambdoidal crests. (2) Zygomatic width 280 mm. 

C, Amer. Mus. 13435, M. trigodon, fragment of the right ramus of the mandible, all 

the cheek teeth, Po-M3 in situ. One-fourth natural size. 

- Am,Mus.No.13435 D, Amer. Mus. 13434, Meritherium andrewsi Schlosser, second upper right incisor 

tooth, I2; upper, internal view, lower, external view. One-half natural size. Through error 

this appeared in the original legend (Matsumoto, 1923, p. 126) as M. lyonsi. 

E, Amer. Mus. 13436, Meritherium trigodon, “ramus of mandible, with all the cheek 

teeth in situ’’ After Matsumoto, 1923, p. 126, fig. 1, through error referred to M. lyonsi 

in the legend. 

F, Amer. Mus. 13431, M. trigodon, fragment of skull including greater part of right half 

of palate bearing P°-M® in situ. One-fourth natural size. 
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parts to a slight extent), 220 mm. in the width of occiput, 91 mm. 

in the lateral extension of the two occipital condyles, 52 mm. in the 

width of palate between the two P?, 34 mm. in the same between 

the two M!, and about 150 mm. in the maximum height of the 

skull, including the upper cheek-teeth (including a restored part of 

sagittal crest to a slight extent). In this skull the sagittal and 

occipital crests are extraordinarily well developed; and the occiput 

is strongly concave, so that its upper half, including the lambdoid 

crest, inclines distinctly backwards.” 

Meritherium ancestrale Petronievics, 1923 

Qasr-el-Sagha(?) formation of the Fayim, Egypt=Middle Eocene of 
Andrews = Upper Eocene of the present Memoir. 

Meritherium ancestrale is regarded by Petronievics as nearer 

to Palzomastodon than any previously described species of 

Meritherium. 

Meritherium ancestrale Petronievics, 1923. “Remarks upon 

the Skulls of Meritherium and Palzomastodon,” Ann. Mag. Nat. 

Hist., Vol. XII (9), pp. 55-61. Typr.—Skull and mandible 

(Brit. Mus. M. 9225). Horizon anp Locautity.—Fayim 

district of Egypt, Qasr-el-Sagha (?) formation= Middle Eocene of 

Andrews= Upper Eocene of the present Memoir. Type Fic- 

URE.—Petronievics, 1923, p. 56, fig. 1. 

Fig. 1. 

Part of the left side of the skull of Maritherium ancestrale, 3 nat. size. 
as., alisphenoid; pt., pterygoid; sg., squamosal. 

Type oF M@RITHERIUM ANCESTRALE 

Fig. 47. Type of Meritherium ancestrale Petronievics, 1923, p. 

56, fig. 1. Reproduced same size as the author’s original figure and 
including the author’s legend. Brit. Mus. M.9225. 

Type Description.—(Op. cit., 1923, p. 57): “There are two 

main characters of our specimen which justify the supposition that 

it represents a distinct species:—(1) the elongated palatine vacuity 
between anterior maxillary prolongations forming the inner border 

of the sockets for the tusks; (2) the backward direction of the 

occipital plate. As the first of these two characters brings our 

specimen nearer to Palzomastodon than any other, we will give to 

the new species the name Meritherium ancestrale, sp. n.”’ 

The following is a direct quotation, with some omissions, 

from the description of Doctor Petronievics (op. cit., pp. 55-57): 

“{1] There is in the British Museum [M.9225] a skull and 

mandible of Meritherium not yet described, which is in several 
respects important for deciding the question of the ancestral 

relationship of Meritherium to the Proboscidia. This skull was 

found by Baron Nopesa several years ago (1905) in Middle Eocene 

beds in the Faytim district of Egypt [Footnote: ‘Comp. C. W. 

Andrews, ‘A Descriptive Catalogue of the Tertiary Vertebrata of 

the Fayim, Egypt’: London, 1906, p. 121 seg. (specimen M. 9225 

in the British Museum).’]. I propose to describe the features of 

this skull, which either give some supplementary data as to the 

morphology of the skull of the genus Meritheriwm or are peculiar 

to the species. I propose also to give some additional evidence on 

the skull of Palzomastodon. Finally, I will add a list of the re- 

semblances and differences in the skull, mandible, and dentition 

of the two genera. [2] In the skull in question the basioccipital is 

separated from the basisphenoid by a suture situated somewhat 

obliquely on a ridge at the level of the glenoid surface. The suture 

between basioccipital and exoccipitals is not plain. The exoccipi- 

tals with the condyles are as in Meritherium lyonsi. [3] The same 

is to be said about the supraoccipital bone; but the whole occipital 

plate in our specimen is directed backwards, while in Meeritherium 

lyons? itis directed forwards, and the lateral depressions accompany- 

ing the median ridge are deeper in our specimen than in the old 

one. [4] The squamosal and its relation to the parietal and supra- 

occipital are the same as in Meritherium lyonsi. [5] The jugal 

seems to be more slender than in the latter. [6] The tympanic in 

this specimen is better preserved than in the skull of Meritherium 

lyonsi. [7] The parietals are as in the latter. It is uncertain if 
they meet the alisphenoids—probably not. [8] The frontals are 

as in Meritherium lyonsi, with no postorbital process. The exact 

relation of the frontals to alisphenoids and parietals is uncertain, 

but they reach the former. [9] The existence of a separate lachry- 

mal cannot be established. [10] While in Meritherium lyonsi the 

position of the alisphenoid on the side-wall of the skull could not 

be determined, in our specimen the limit of the alisphenoid in this 

respect is quite clear (text-fig. 1). Above the alisphenoid canal 

the alisphenoid forms a triangular bone. The backward side of 

this triangle is constituted by the suture separating the alisphenoid 
from the squamosal, while the upperside is marked by a suture 

separating the alisphenoid from the frontal (perhaps also from the 

parietal). It is to be remarked that the position of this part of the 

alisphenoid bone in our specimen is, perhaps, exactly the same as in 

Palzxomastodon. [11] As the premaxille are crushed in front, their 

relation to the nasals and maxill# cannot be made out. [12] The 
maxille are very large and greatly elongated as in Merithercum 

lyonsi; but, while in this latter there is only a small palatine vacuity 

between the slightly divergent anterior prolongations of the 

maxille, this vacuity is larger in our specimen, and the anterior 

prolongations of the maxillz undoubtedly form part of the inner 

border of the sockets for the tusks, although they are somewhat 

crushed anteriorly. In this respect our specimen is nearer to 
Palzxomastodon than any other species of Meritherium. Meri- 

therium gracile has these prolongations longer than Meritherium 

lyonsi, but they do not reach the inner border of the tusks (comp. 

Andrews, l. c. pl. xvii. fig. 1). [13] The exact shape of the ptery- 

goid is not to be established, but it is certain that its vertical plate 
projects beyond the end of the descending plate of the alisphenoid 
(fig. 1). [14] The upper teeth are so worn that their exact structure 

is not to be made out; but they seem to be the same as in Meri- 

therium lyonst.” 
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The author follows with a very detailed comparison of the 

cranial characters of the type of Meritherium ancestrale with those 

of Palzxomastodon beadnelli and P. wintoni Andrews, and concludes 

(pp. 58, 59): “The ancestry of Me@ritherium to Palxomastodon 

has become very probable from the new additional features of the 

skull in the above-described specimen of Meritherium. But, in 

order to make it possible to judge better on this question [Foot- 

note: ‘On this point three main opinions have been advanced :— 

(1) Meritherium lies in the direct line of ancestry to the later 
Proboscidea; (2) Meritherium is a primitive offshoot of the Probo- 

scidean stock; and (3) Meritherium is an offshoot of the Sirenian 

stock allied to Proboscidea. The first opinion has been maintained 

by Andrews in his first fundamental memoir on the question (comp. 

C. W. Andrews, ‘The Evolution of the Proboscidea,’ in Phil. 

Trans. 19038, p. 101), but later on (comp. his Catalogue, Introduc- 

tion, p. xvii) he was rather inclined to adopt the second view. The 

third opinion was expressed for the first time by H. F. Osborn (in 

his article ‘The Feeding-habits of Meritherium and Palzomastodon,’ 

in Nature, July 29, 1909), but abandoned (comp. his work ‘The 

Age of Mammals,’ 1910, p. 203 seq.) after the vigorous refutation of 

Andrews (in his article ‘The Systematic Position of Meritherium,’ 

in Nature, Sept. 9, 1909). In a recent paper, however, the 

eminent American palzontologist seems to have returned to his 
former wrong opinion on the subject (comp. H. F. Osborn, ‘ Palzxo- 

mastodon, the Ancestor of the Long-jawed Mastodons only,’ in 

Proc. Nat. Acad. Sci. vol. v. 1919, pp. 265-266).’], we give here a 

list of the resemblances and differences in the skull, mandible, and 
dentition of the two genera [Footnote: “A similar but much shorter 

list is to be found in W. K. Gregory, The Orders of Mammals, 

1910, p. 367 seq.’], which are mainly founded on the characters of 

Meritherium ancestrale on the one hand, and of Palxomastodon 

wintoni on the other.”’ : 

Osborn, 1925: In Chapter II of the present Memoir many 

reasons are given by both Matsumoto and Osborn why we should 

exclude Meritherium entirely from the ancestry of Palzomastodon. 

M@RITHERIUM MOLARS COMPARED WITH THOSE OF 
PALAOMASTODON AND PHIOMIA 

Figures 42, 45, 46, 48, 49 

The five new figures and reconstructions of the grinding teeth 
assembled in the present Memoir, namely, figure 48, a comparison 

of the grinding teeth of three genera, figure 45, a comparison of 

Meritherium lyonsi and M. gracile, figure 46, a comparison of M. 

trigodon and M. andrewsi, figure 42, second reconstruction of the 

skull of Meritherium andrewsi and M. trigodon, and figure 49, 
life-size detailed studies of Meritherium and Palzxomastodon 
grinding teeth, exhibit very clearly the fundamental resemblances 
and the progressive differences between the dental and cranial 
structure of these three Fayim genera. Figure 49 beautifully 
displays the superior grinders of Meritheriwm trigodon in contrast 
with those of Palzomastodon intermedius, demonstrating that 

Palzomastodon cannot in any way be considered as a descendant of 
Maritherium. 

(1) In both Meritherium and Palzomastodon Ms; is trilophodont 

(Fig. 49C, E); (2) in both Meritherium and Palzomastodon the 
second and third superior molars, M**, are in an incipient bilopho- 

dont condition; (3) in Palzomastodon M,-; have a rudiment of a 

C 

Paissomastodon 
Amer. Mus. 13449 

KWCH AQ Mosritnerium . 
. Amer. Mus. 13431 Ret. (rev.) 

All 1/3 nat size 

Cc Phiomia 
Amer. Mus. 13468 

B Paixomastodon 
Amer. Mus. 14547 

A Moeritherium 
Amer. Mus. 13437 Ret. (rev. 

Fig. 48. Comparison of upper and lower molars to the same 

scale of: 
A, True Meritherium, (lower) Amer. Mus, 13437, (upper) 

Amer. Mus. 13431. 
B, True Palzomastodon, (lower) Amer. Mus. 14547, (upper) 

Amer. Mus. 13449. 
C, True Phiomia, (lower) Amer. Mus. 13468, (upper) Amer. 

Mus. 13450. 

All 1/3 nat size 

tritolophid not observed in Meritherium; (4) Palzomastodon 

is hexabunodont or sexitubercular, conules persisting in M**, while 

Meritherium is tetrabunodont or quadritubercular, the conules 

having disappeared; (5) the inner and outer cones are united (Fig. 

49D, E) by a transverse crest in Palzomastodon, M**, Mo-s; 

they are separated by a longitudinal cleft in Meritherium. (6) 
As to adaptation, this demonstrates that Maritherium had more 

of the omnivorous, cheerodont habit, while Palzomastodon had 

more of the browsing, lophodont habit. The evolution of the 
Palzomastodon molars is discussed in full below under Palzomas- 

todon (Chap. VI). 
ConcLusion.—This detailed comparison serves to demonstrate 

that both Meritherium and Palzomastodon may have descended 

from an original primary tetrabunodont stock; that the inter- 

mediate tubercles or ‘central conules’ never developed (Fig. 37) in 

Meritherium, while they did develop in Palzomastodon inter- 

medius, M*8, Mos. These conules, moreover, are in process of 

development in Palzomastodon, the lophs being composed of six 

cones (Figs. 93, 94). 
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SUPPOSED M@RITHERIUM OF BALUCHISTAN (Fig. 50) 

In 1912 Pilgrim erroneously referred to Meritherium a frag- 

mentary tooth (Ind. Mus. A 452) contained within “The Verte- 
brate Fauna of the Gaj Series in the Bugti Hills and the Punjab,” 

found near Khajuri, Bugti Hills, Baluchistan, which he described 

as follows (p. 15): “ Mceritherium (?), sp. Plate mu, fig. 3. Amongst 

the Bugtispecimensis . . . a fragmentary tooth, possessing char- 

acters which lead one, with no uncertainty, to diagnose it as Probo- 

AM. 15898 €ast) 

AM. 343) 

AM.13437 

PROBOSCIDEA 

to render it possible to recognize its presence. The incompleteness 
of the transverse crests entirely precludes the possibility of its 

belonging to Dinotherium. It is clearly distinguished from premolars 

of Tetrabelodon, not only by the rectangular instead of rounded 

corners, but also by the perfectly symmetrical arrangement of the 

cusps, and the breadth and absolutely transverse situation of the 

valley between the crests. The surface of the enamel also possesses 
irregular strie, which are not seen in Tetrabelodon. In all these 

AM13449 

AM.14547 

Fig. 49. Meritherium (A, B, C) and Palzomastodon (D, E) grinders figured and compared in close detail, demonstrating 

that the hexabunodont grinders of Palexomastodon contrast with the tetrabunodont grinders of Meritherium. See same figure in 

Chapter VI (Fig. 94), see also key figure 93. Natural size. 

A, Maritheriwm lyonsi ref. (Amer. Mus. 15898 cast). First and second right superior molars, M!-M?. 

B, Meritherium trigodon ref. (Amer. Mus. 13431). Right superior grinding teeth, P?-M°. 

C, Meritherium andrewsi ref. (Amer. Mus. 13437). Second and third inferior grinders, Mo-M3. 

D, Palzomastodon intermedius paratype (Amer. Mus. 13449). Third right superior molar, r.M°. 

E, Palzomastodon intermedius type (Amer. Mus. 14547). Third left inferior molar, 1.M3 (reversed in drawing). 

scidean. Although only three quarters of it remain there is no 
doubt as to its being a rectangular, oblong tooth, possessing two 

transverse crests, separated by a broad straight transverse valley. 
Each crest consists of an inner and outer pointed cusp, perfectly 

distinct from one another. The presumed postero-internal cusp is 

continued into a small hinder lobe. A beaded cingulum is well 

developed on that side of the tooth, whose preservation is such, as 

particulars, it agrees exactly with the hinder upper molars of Merv- 

therium lyonsi, Andrews. It is, however, rather larger than this spe- 

cies, and the relative height of the cusps differs. It is by no means 
unlikely that further material of the Bugti species will show that it 

belongs to a different genus from Meritheriwm. At present its 

interest lies in the proof it affords of the existence in Baluchistan in 
Gaj times of a primitive Proboscidean allied to Meritherium. 
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3. (7) 
TriLoPpHopON (MarIrHERIUM?) PANDIONIS (?) 

Fig. 50. Incomplete fourth superior permanent premolar, P‘, possibly 

referable to T'rilophodon pandionis. Originally referred by Pilgrim to Meri- 

therium. After Pilgrim, 1912, Pl. m1, figs. 3, 3a: “Meritherium (?) sp. Pilg. 

Upper molar, 3, surface view, 3a, side view. From the base of the Gaj near 

Khajuri, Bugti Hills. (Ind. Mus., No. A 452.) Page 15.” 

Provisionally, therefore, it may be regarded as an indeterminate 

species of the Egyptian genus. The measurements of the tooth 

are approximately as follows:— 

Me 

Vy, ie 

.42 mm. 

i)! We 

Length. . 

Breadth.... . 

Locality—The specimen was found at Khajuri, near the very 

base of the series, and hence, is probably lowermost aquitanian.”’ 

Osborn, 1926: The supposed Meritherium superior molar of 

Baluchistan proves to be a fourth superior premolar, P‘, probably 

referable to Trilophodon pandionis, a characteristic species of 

Sind, India. The original comparison by Pilgrim of this tooth 

with Meritherium lyonsi, as quoted above, was qualified by his 

remark: “It is by no means unlikely that further material of the 

Bugti species will show that it belongs to a different genus from 

Maritherium.’’ Similar tetrabunodont superior premolar teeth 

occur as P4-P, both in Trilophodon and in Serridentinus; such a 

tooth was selected by Cope as the type of his ‘Mastodon’ proavus 

(=Serridentinus proavus of the present Memoir), as illustrated 

in figures 362 and 363. 

Unfortunately Pilgrim’s original reference of this premolar 

tooth to Meritherium(?) has been widely quoted as demonstrating 

the presence of the genus Meritherium in India. 

Fig. 51. Restoration (September, 1932) of M@ritherium andrewsi, after materials described and figured by Andrews (1906), Schlosser 

(1911), and Matsumoto (1922-1923), and reproduced in figures 41 and 42. One-sixteenth natural size. 

This restoration embodies the Andrews-Matsumoto-Osborn conception of Meritherium as of a swamp- and river-loving stock. As 

detailed above, the conclusion is, that it was a confirmed and continual river-living animal, feeding mainly under water and on the banks, 

as indicated by its feeble pelvis, more specialized for aquatic life than Hippopotamus, but less specialized than the Sirenians. The resem- 

blances to the Sirenians are largely parallelisms. Mcritherium is one of the primary stocks of the Proboscidea. The marked resemblances 

to the river-living Hippopotamus are also parallelisms, namely, the small, elevated orbits, with small eyes and probably small ears, the 

elevation of the eye and ear openings to the upper level of the face, the prominent anterior tusks, the relatively short, stout limbs, probably 

encased in fat. The habitat was on a river-bed meandering over a low-grade flood-plain, as indicated in the restoration. 
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Fig. 52. Type of Deinotherium giganteum as originally figured by Kaup, with the incisive tusks erroneously upturned, 

1829, XXII, Heft IV, Taf. 1, one-ninth natural size. 

Fig. 53. Type of Deinotherium giganteum as refigured by Kaup, 1835.1, Add. Tab. 1, fig. 5, 

with incisive tusks downturned. One-fifth natural size. Original in Museum of Darmstadt. 

Cast Amer. Mus. 14286. 
The date of publication of this figure is somewhat doubtful, but it would appear (see 

Kaup, 1841.1, p. 18) that this was prepared to supplement Kaup’s Cahier IV of the ““Ossements 
Fossiles.”’ 

HF. 
Fig. 54. Superior dentition of Deinotherium giganteum ref., one- 

fourth natural size. Copied from Gaudry, 1878, p. 187, fig. 247. 
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CHAPTER IV 

THE DEINOTHERES (DEINOTHERIOIDEA) OF WESTERN EURASIA 

AND OF AFRICA 

1. EARLY SEPARATION OF THE DEINOTHERES FROM THE OTHER PROBOSCIDEANS. MARKED DISTINCTION 

BY DENTAL, CRANIAL, AND SKELETAL CHARACTERS. FAMILY, SUBFAMILY, AND GENERIC DISTINCTIONS. ORIGIN, 

HABITAT, MIGRATIONS, PHYLOGENETIC SUCCESSION, AND EXTINCTION OF THE DEINOTHERES. 

Il. GEOLOGIC DISTRIBUTION OF DEINOTHERIUM, TRILOPHODON, ANANCUS, RHYNCHOTHERIUM, ZYGOLOPHODON, 

TURICIUS, MIOMASTODON, SERRIDENTINUS, AND TETRALOPHODON. CAUSES OF EXTINCTION. 

1. Chief distinctions of the Deinotheres from other proboscideans. 4. Conclusions as to origin, phylogeny, and adaptive radiation. 

2. History of discovery of the Deinotheres between 1715 and 5. Geologic distribution of Deinotherium, Trilophodon, Anancus, 

1934. Rhynchotherium, Zygolophodon, Turicius, Miomastodon, 

Historical summary by Weinsheimer, 1715-1882. Serridentinus, and Tetralophodon. Causes of extinction. 

Historical summary by Osborn, 1883-1934. Appendix: Deinotherium hungaricum Bhik and Deinotherium hop- 

3. Résumé of the chief generic and specific characters. woodi sp. nov. 

1. CHIEF DISTINCTIONS OF THE DEINOTHERES FROM OTHER PROBOSCIDEANS 

It is not possible for the author to treat the Deinotheres in the same critical or exhaustive manner as the 

species of proboscideans belonging to other families are treated in the present Memoir; nor is it possible to give 

the type descriptions or reproductions of the type figures as in other chapters. Such exhaustive revision and 

monographic treatment can only be made after a tour of the museums of Europe and of India where the actual 

type specimens are to be found and the precise records of the type localities are given. 

In the succeeding historical summaries by Weinsheimer and by Osborn there is recited the wide range of 

opinion as to the structure, habits, and ordinal relationships of these remarkable mammals between the date of 

the first description in 1715 and the present time; the author’s personal opinions on these points are summarized 

at the end (pp. 112-115). 

Following the ruling of the International Commission on Zoological Nomenclature, the generic name must 

be spelled Deinotherium throughout, in accordance with Kaup’s original orthography of 1829 derived from the 

Greek dewvds and Onpiov. The same principle applies to the family name Curtognati, proposed by Kaup in 1833, 

which may be given the modern family terminal and orthography CURTOGNATHID®, although as in all 

matters of proboscidean nomenclature the early authors naturally did not follow modern nomenclatural canons. 

The history of the term ‘Curtognati,’ equivalent in German to ‘Krummkiefer,’ in reference to the sharp downward 

curvature of the lower jaw, is given as follows in the Bulletin of the Geological Society of France for 1834 (Boué, 

Bull. Soe. géol. de France, 1834, V, p. 444): 

81 
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Curtognati—M. Kaup a regu de nouveaux ossemens d’Eppelsheim, et a reconnu que le Dinotherium medium était véri- 

tablement bien différent du D. giganteum. M. Kaup a pu faire aussi quelques corrections et additions 4 sa description du 

Dinotherium. Il pense que ses deux énormes défenses ne lui servaient pas seulement pour extraire des racines de la terre, 

mais encore, comme A la morse, pour l’aider 4 mouvoir son corps si lourd. D’aprés la forme des os intermaxillaires, cet 

animal devait avoir une trompe pour porter la nourriture 4 sa bouche. Il est 4 placer entre les Mastodontes et les Bradypus, 

et il formerait une famille particuliére 4 laquelle M. Kaup donne le nom de Curtognati. Elle serait caractérisée par la 

mAchoire inférieure courbée vers le bas, et les deux défenses dirigées vers le bas et en arriére (NV. Jahrb. f. Mineral., Geognosie, 

etc., 1833, cah. 5, p. 509 [516] avec 1 pl.). 

The following is from Kaup’s original description, 1833.4, p. 516: 

Nach meiner Ansicht steht es am besten zwischen Mastodon und Bradypus als eigene Familie, die ich Curtognati 

(Krummkiefer) nenne, und durch den nach Unten gekriimmten Unterkiefer mit den zwei Stoss-Zahnen ebenfalls nach Unten und 

Hinten gerichtet, charakterisire. Die Gattungs-Diagnose wiirde seyn $ Stoss-Zihne. Der ausfiihrlichere Charakter: Keine 

Stoss-Zihne im Oberkiefer, zwei nach Unten gekritmmte Stoss-Zihne im Unterkiefer,  Backen-Zihne, wovon der dritte 

dreihiigelig, die iibrigen zweihiigelig, und nur der erste des Unterkiefers mit einem schneidenden Rand auf der vorderen 

Halfte versehen ist. In der Jugend ist vor dem ersten Backen-Zahn noch ein tiberzihliger, und der Milchzahn des zweiten des 

Oberkiefers ist in die Liinge gestreckt und dreihiigelig. Riissel, Krallen zum Aufscharren, Gang auf den Hand-Randern, wie beim 

Faulthier. 

In 1868 Falconer erroneously assigned the name A ntoletheriwm to specimens from Attock belonging to the genus 

Deinotherium; this error was corrected by Lydekker in 1885. 

ANTOLETHERIUM FALCONER, 1868.—(Falconer, 1868, I, p. 416): “‘Among the fossils discovered by Lieut. 

Garnett, near Attock, is a portion of the lower jaw of a tapiroid animal containing what appear to be the last 

premolar and the first and second true molars. Of this specimen I have received an excellent drawing executed by 

Col. Baker, who regarded the species as allied to Tapir. (Plate xxxrv. figs. 1 and 2.) The teeth certainly differ 

generically from those of Dinotheriwm in the massive connecting bridge between the two ridges, speedily running 

them into one confluent disc. The bend of the first ridge is very tapiroid. The specimen appears to me to be of an 

undescribed genus for which the provisional name Antoletherium (avrod\n the east, and @npiov) would be 

appropriate.”’ 

(Lydekker, 1885, p. 105): “A. 20. Fragment of the right ramus of the mandible, containing jaa 

and m2; from Kushdlgarh. Figured in ‘Faleconer’s Paleontological Memoirs,’ vol.i., pl. xxxiv., figs. 1 and 2 (as 

Antoletherium), and in the ‘Pal. Ind.’ op. cit. [Lydekker, 1880] pl. xxix., figs. 2,3. Presented by Lieuts. Garnett 

and Trotter.’’ No. A. 20 is listed by Lydekker (1885, p. 105) under specimens of Dinotheriwm pentapotamiz in 

the Indian Museum, Calcutta. See also Lydekker, 1880, p. 184, in which he states: ‘“‘As I have already observed 

in the above-quoted passage in the ‘Records’ [Geol. Surv. India, 1877, Vol. X, p. 33], the figure of this specimen 

given by Dr. Murchison in the ‘Palzeontological Memoirs’ [Footnote: ‘Vol. I, Plate xxxrv, figs. 1-2.’] under the 

name of Antoletherium is entirely incorrect. It appears probable that Dr. Falconer never saw the original specimen, 

but made his new genus Antoletherium solely on the evidence of the imperfect drawing from which the figure was 

taken; a copy (or the original) of this drawing was sent by Dr. Falconer to Professor Owen, whose note on the 

subject will be found on page 416 of the first volume of the ‘Palzeontological Memoirs.’”’ 
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Original and subsequent nomenclatural references and modifications for this Memoir are as follows: 

REFERENCE IN 
OricinaL NAME PRESENT MeMOoIR 

Deinotherium Kaup, 1829, p. 401 = Deinotherium 
Dinotherium Kaup, 1832. All subsequent authors adopted the abbreviated 

spelling = Deinotherium 
Curtognati Kaup, 1833 = CURTOGNATHIDAL 

Dinotheridz Bonaparte, 1845, in his “Catalogo metodico dei Mammiferi 

Europei,” cited by Palmer, 1904, p. 738 = CURTOGNATHID 

Dinotheriidz Bonaparte, 1850, cited by Osborn, 1918.468, p. 134 =CURTOGNATHID 

Dinotherina Bonaparte, 1841 (1837, fide Graells, 1897, p. 573); Dino- 

theriina Bonaparte, 1850, cited as a subfamily = DEINOTHERIIN] 

Antoletherium Falconer, 1868 = Deinotherium 

Dinotheriini Winge, 1906, p. 172 = DEINOTHERIIN 

Dinotheriinz Osborn, 1910.346, p. 558 = DEINOTHERIIN & 

Dinotherioidea Osborn, 1921.515, p. 2, ‘typified by the Miocene and 

Pliocene Dinotheres of Eurasia”’ = DEINOTHERIOIDEA 

The following is Osborn’s definition of the suborder or superfamily DEINOTHERIOIDEA (Osborn, 
121.515, p. 3): 

II].—Dinotherioidea. All agree that these animals were chiefly fluviatile and amphibious in habit, in this 

respect resembling Mceritheres but differing in the entire loss of the superior incisor teeth. Early loss of upper tusks released 

the inferior. In the downturning of the inferior tusks the Dinotheres are paralleled by the Rhynchorostrine among the Masto- 

rl? rf! U! UP 

rle rh; U; Up 

rle Up 

A B 

Fig. 55. Fundamental arrangement of the cutting teeth in the four super- 

families of the Proboscidea. For lateral aspect of the lower cutting teeth, compare 

fig. 1, p. 16. See also fig. 4, p. 23. 

A.—Mearitherium, B.—Deinotherium. C.—Rhynchotherium. Composition of two species. 
D.—Stegodon. 8S. ganesa stage. Scale not uniform. 

dontoidea. In skull form and in limb and foot structure the Dinotheres parallel the true proboscideans. They diverge very 

widely from proboscideans in the evolution of the upper and lower grinding teeth. The primitive Dinotheres present 

simple bilophodont grinders, similar to those of Meritherium, and are persistently bilophodont. The upper grinders attain a 

stage which parallels the molar pattern of the tapir (Tapiroides[Tapirus]) among the perissodactyls, but show no ten- 

dency to the trilophodont, tetralophodont, or polylophodont structure characteristic of the mastodons and elephants. 

Thus the technical range of classification and nomenclature for these animals stands as on the following page. 
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SUPERFAMILY: DEINOTHERIOIDEA Osborn, 1921 

FamILy: CURTOGNATHID Kaup, 1833 

SuBFAMILY: DEINOTHERIIN® Bonaparte, 1850, Winge, 1906, Osborn, 1910 

Genus: DEINOTHERIUM Kaup, 1829 

So far as known the Deinotheres are certainly monophyletic. There is a single phylum of successive ascending 

mutations and species extending from the base of the Miocene, where they suddenly appear in Europe (D. cuvier7), 

to the Lower or Middle Pliocene of Rumania, where the pre-final stage is attained in D. gigantissimum. The final 

stage is D. hopwoodi of the Pleistocene of Africa. 

30 Bole = 2-2 160 

= DEINO 

Fig. 56. Geographic distribution (according to the numbers in the list below) of the types of Deinotherium. The approximate localities where these 

twenty-six' types were found are represented by the white dots within the black areas; these dots each carry a number in a circle representing the chronologic 

seqnence of type description. The white crosses represent referred specimens. 

ORDER OF DISCOVERY AND DESCRIPTION OF TWENTY-SIX! SPECIES OF DEINOTHERIUM 

DESCRIBED OR NAMED, 1715-1935. COMPARE TABLE I, P. 111, AND TABLE II, PP. 114, 115 

See Figure 56 

SpeciFIC REFERENCE 

ORIGINAL NAME IN Present Memoir GroLocic AGE 

1715 Réaumur publishes Antoine de Jussieu’s drawing of a grinding 

tooth discovered near Lyons, France, in the previous 

century 

1773 Rozier describes and figures a tooth discovered near Vienne, 

Dauphiny, France 

1798-1822 Cuvier ascribes grinding teeth found in France to ‘“‘Tapirs 
gigantesques”’ 

1. 1828-1829 Kaup describes a lower jaw from near Eppelsheim, 

Germany, now in the Museum of Darmstadt, assigning 

= Deinotherium sp.(?) 

= Deinotherium sp.(?) 

= Deinotherium sp.(?) 

in 1829 the name Deinotherium giganteum = Deinotherium gigantewm Lower Pliocene 
2. 1831 Gmiind, Bavaria Deinotherium Bavaricum 

von Meyer = Deinotherium bavaricum Upper Miocene 
3. 1832 Eppelsheim, Germany Dinotherium maximum Kaup 

(MS.), fide von Meyer, 
1832.2, p. 78 = Deinotherium giganteum Lower Pliocene 

ISee No. 6a, p. 85, and footnote 1. 



4. 1832 

1833 
6. 1833 
6. 1835 

6a 
7. 1835 
8. 1836 

9. 1839 

10. 1839 

11. 1839 

12. 1841 
13. 1841 

1843 

14. 1845 

15. 1845 
16. 1845 

17. 1861 
18. 1868 

19. 1876 
20. 1880 
21. 1892 

1908 

22. 1911 
23. 1912 

24. 1930 

25. 1935 

26. 

Comminge, Carlat-le-Comte, 
and Chevilly, France 

THE DEINOTHERES 

Dinotherium Cuvieri Kaup 

Kaup proposes the family name Curtroenarti for the Deinotheres 
Eppelsheim, Germany 
Podolia, Russia 

. 1835-1837 Podolia, Russia 
Ural Mountains 
Simorre, France 

Locality (?) 

Locality (?) 

Locality (?) 

Eppelsheim, Germany 
Mosskirch, Germany 

Darling Downs, Australia 

Compubay [Cambay, cf. p. 90], 
India 

France 
Perim Island, India 

Grive Saint-Alban, Isére, France 
Perim Island, India 

Attock, Indus Valley, India 
Sind, India, Salt Range 
Gaiceana, Tecuciti, Rumania 

Bugti beds, Bugti Hills, 
Baluchistan 

Karungu, British East Africa 
Bugti beds, Bugti Hills, 

Baluchistan 
Kotyhaza (Dep. Négrad, 

Hungary) 
Olduvai, Tanganyika Territory, 

British East Africa 

Kavirondo Gulf, Africa 

Dinotherium medium Kaup 
Dinotherium proavum (Dinotherii 

proavi Eichwald) 
Mastodon podolicum' Eichwald 
Dinotherium uralense Eichwald 
Dinotherium secundarium Kaup 

(teste Lartet, 1836, p. 218) 
Dinotherium [gig.] var. majus de 

Blainville (fide Weinsheimer, 1883, 
p. 210) 

Dinotherium [gig.] var. medium de 
Blainville (fide Weinsheimer, 1883, 
p. 210) 

Dinotherium [gig.| var. minus de 
Blainville (fide Weinsheimer, 1883, 
p. 210) 

Dinotherium Kénigit Kaup 
Dinotherium minutum von Meyer 

(in Bronn) 
Dinotherium Australe Owen 

Dinotherium angustidens Koch 
Dinotherium intermedium de Blainville 
Dinotherium indicum Falconer 

Dinotherium levius Jourdan 
Dinotherium Perimense Falconer, cited 

in Murchison (name only) 
Dinotherium pentapotamix Lydekker 
Dinotheriwm sindiense Lydekker 
D. [Dinotherium|] gigantissimum 

Stefanescu 
Dinotherium ndricum Pilgrim (name 

abandoned by author and sub- 
specific term gajense substituted— 
see below) 

Dinotherium hobleyi Andrews 
Dinotherium indicum Lyd. var. 

gajense Pilgrim 
Prodinotherium hungaricum 

Ehik 

Deinotherium hopwoodi sp. nov. 

Deinotherium? sp.? Leakey 
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= Deinotherium cuvieri Lower Miocene 

= CURTOGNATHID © 
= Deinotherium medium Lower Pliocene 

= Deinotherium proavum 
= Deinotherium podolicum 
= Deinotherium uralense 
= Deinotherium secunda- 

rium (?) 

Upper Miocene(?) 
Pliocene(?) 
Lower Pliocene 

Middle Miocene 

= Deinotherium giganteum Lower Pliocene 

Lower Pliocene = Deinotherium giganteum 

Lower Pliocene 
Lower Pliocene 

= Deinotherium giganteum 

Upper Miocene 
=Diprotodon australis (not 

a proboscidean) 

= Deinotherium sp.(?) Middle Pliocene 
= Deinotherium intermedium Upper Miocene(?) 
= Deinotherium indicum (fide 

Lydekker) 
= Deinotherium levius 

Middle Pliocene 
Upper Miocene 

= Deinotherium indicum Middle Pliocene 
= Deinotherium indicum Upper Miocene 
= Deinotherium sindiense (?) Middle Miocene 
=Deinotherium gigantissi- 

mum Middle Pliocene 

= Deinotherium indicum ga- 
jense 

= Deinotherium hobleyi Lower Miocene 
= Deinotheriwm indicum 

gajense Lower Miocene 

= Deinotherium hungaricum Lower Miocene 

= Deinotherium hopwoodi 
sp. nov. Middle Pleistocene 

= Deinotherium hopwoodi (?) Pleistocene 

2. HISTORY OF DISCOVERY OF THE DEINOTHERES, 1715-1934 

The history of discovery is most picturesque and even romantic because of the wonder and astonishment 

caused by the discovery of these pre-Diluvian mammals and the many and often grotesque theories as to their 

habits and external appearance. 

For the early history of discovery up to the year 1883 we may depend chiefly on the extremely thorough and 

scholarly article published by Dr. O. Weinsheimer in the Palzeontologische Abhandlungen, Band I, Heft 3, Berlin, 

1883, entitled, “Uber Dinotherium giganteum Kaup,” pp. 208-216. This history we have translated with 

1Type mandibular symphysis. 
Jahrb., 1837, p. 44) referred by Eichwald to Deinotherium. 
physis of the lower jaw of Deinotherium giganteum. 

*An undescribed specimen, of Pleistocene age, associated with the type remains of Homo kanamensis (see Leakey, 1934, pp. 204, 206, 207, also p. 105 of 

the present Memoir). 

First named Mastodon podolicum by Eichwald in 1835 (p. 736, Tab. v1, Lym, see also p. 734); subsequently (Neues 

Falconer (1846, p. 4) states in a footnote that the specimen appears to be a fragment of the sym- 
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marginal inserts anda few comments of our own together with illustrations of some of the important specimens 

alluded to by Doctor Weinsheimer in his interesting narrative of the progress of discovery. For the bibliography of 

the emouhercs, the reader is referred not only to Weinsheimer and to the authors mentioned by him in the 

following historical summary but to the Bibliography at the close of the present Volume I. The more recent 

history of discovery is compiled by Osborn (p. 95). 

HISTORICAL SUMMARY BY WEINSHEIMER, 1715-1882 

Translated by C. D. Matthew from the original of Weinsheimer, with notes, modifications, and additions by Osborn, 1925 

Réaumur, 1715.—In 1715 Réaumur (1715)! published an illustration from a drawing by Antoine de Jussieu of 

a tooth of Deinotherium found near Lyons in the beginning of the previous century, without, however, ascribing it to 

any particular animal. From that time no further remains of this remarkable animal of the Miocene Tertiary 

were found until Rozier (1773) described and figured another—a molar tooth discovered in Dauphiny in the 

neighborhood of Vienne by Gaillard—without knowing of the tooth previously figured by Réaumur. 

The third and most remarkable discovery of Deinotherium remains was of two lower jaw fragments, unearthed 

near Comminge, France, and described and figured by de Joubert (1785). In the same year Ildephons Kennedy 

(1785) published his ““Abhandlung von einigen in Baiern gefundenen Beinen,” in which he describes five teeth and 

an astragalus as the best preserved parts of a complete skeleton of Deznotherium found April 6, 1762, near Reichen- 

berg in Lower Bavaria. Kennedy says that these remains show striking resemblance to remains [of mastodonts] 

from the Ohio River in North America, from Peru in South America, from Asia, and from the small town of Fiirth 

in Lower Bavaria (1785, t.2 [IV], f.6), and remarks at the close of his article that these remains belonged to an 

animal that had long been extinct, and that could not be distinguished from the Siberian mammoth, the 

“Ochsenvater der Louisianer.”’ 

Cuvier, 1798—-1822.—These teeth, described by de Joubert and Kennedy, were more carefully studied by 

G. Cuvier (1798) who, on account of their similarity to the teeth of the tapir, ascribed them to some gigantic 

extinct individual of that genus, which was contemporary with Mastodon and Elephas. Some of the teeth which 

Kennedy described were better figured by S6mmering (1818) who ascribed them to Cuvier’s giant tapir. Other 

teeth and jaws of Deinotherium, or fragments of such, were found later at various sites in France, such as St. 

Lary, Arbeichan, Grenoble, Carlat-le-Comte, Chevilly, and others, and—together with the specimen already 

described by Cuvier (1822)—ascribed to a new genus; these Cuvier named ‘‘Tapirs gigantesques,” for he already 

suspected, in spite of their similarity of form, that on account of their great variation in size they did not belong 

to one single species, and therefore he used the plural. 

Kaup, 1828-1829.—Somewhat later Kaup (1829) made a report to the Naturforscherversammlung of Berlin, 

through Berthold, describing the left half of a large lower jaw, found in 1828 near Eppelsheim in Hesse-Darmstadt 

and sent to the Museum of Darmstadt where it remains to the present day. Much as the molar teeth in this jaw 

resembled those of the tapir, the teeth in the anterior part of the jaw were so widely different from the correspond- 

ing onesin the tapir that Kaup felt justified in distinguishing a new genus and species, Deinotherium giganteum, which 
he believed to be related to Hippopotamus. The tusks of the lower jaw he erroneously placed [Fig 52] pointing 
upward. 

Since that time—particularly during the 30’s—a great many remains of Deinotherium have been found at 
various sites in Europe, that is, in France and Germany, as well as in Asia, so that the material and the literature 

"Dates in parentheses after authors’ names refer to the bibliographic list given on pp. 214-216 of Weinsheimer'’s article. 
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respecting this genus are now very extensive. Moreover, the various authors who have occupied themselves with 

the specimens have reached widely divergent conclusions in regard to the dentition, the various species, and the 

classification of Deinotheriwm. 

THEORIES AS TO Hasits AND Hasirat.—Thus, according to Kaup (1832), Deinothertwm apparently had four 

to six tusks in the upper jaw and two in the lower jaw, which were used to stir up the earth when seeking the 

roots of which its food consisted. There were apparently six molars in the upper jaw, and to all appearances yet 

a seventh, anterior to these, which, however, as in Hippopotamus, was lost early. In the lower jaw, on the 

contrary, there were only five molars. He distinguishes two species—one large, Deinotheriwm giganteum Kaup, 

and one smaller, Dinothertwm Cuviert Kaup. 

According to H. von Meyer (1833 [1832.1]) De:notherium is most nearly related to Rhinoceros incisivus; he 

recognizes the same species as Kaup, but—on account of its frequent occurrence in Bavaria—he calls the Bavarian 

animal Deinotherium bavaricum, which is one quarter smaller than Deinotheriwm giganteum. He dissents from 

Cuvier’s view that Deinotheriwm was contemporary with Mastodon and Elephas because their remains have never 

been found associated, claiming that it was contemporary with ‘Mastodon’ angustidens ‘and Rhinoceros incisivus, 

and became extinct earlier than the mastodon of Cuvier, and that it belongs to the latest Tertiary deposits. In 

the plates given by Kaup (1832) and H. von Meyer (1833 [1832]) the tusks of the lower jaw are pictured point- 

ing upward. 

Kaup, 1833.—In 1833 the Museum of Darmstadt (Kaup, 1833, p. 419) acquired an almost perfect left half 

of a lower jaw from Eppelsheim, from which it could be seen that the anterior part of the jaw was inclined down- 

ward, whereupon Kaup (1833, [1833.4, Taf. vi], p. 509) corrected his earlier mistake (1829—see our figure 52). He 

now states that Deinotherium lived only on land, on which—like the sloth Bradypus—it dragged itself along. Its 

principal food consisted of roots and tubers which it dug out of the earth with the two tusks of its lower jaw, and 

stuffed into its mouth with its trunk (Kaup, 1833 [1833.2], p. 172); but the tusks also served, like those of the 

walrus, to help its progress on land. It forms a separate family, intermediate between Mastodon and Bradypus, 

which he named Curtognati (i.e., crooked jaw: Kaup, 1833 [1833.4], p. 509 [516]). 

Pauuas (1777)—ErcHwatp (1835).—Eichwald (1835) describes two molars from Podolia found associated 

with teeth of Mastodon podolicum,' and assigns them to a new species which he names Dinotherium proavum. In 

it he also includes a molar from the Ural described by Pallas (1777), subsequently (1835) named Dinotherium 

uralense. 

Larter (1835 [1836]).—Lartet (1835) ascribed a few teeth found in the sands of the freshwater deposit 

of Sansan, Gers, to the species D. secundariwm Kaup. 

Buckianp, 1835.—From the existence and downturned position of the tusks Buckland (1835) draws the 

following conclusions in regard to the life and habits of Deinotherium. For a land animal the monstrous lower jaw 

and the consequent length of body would be very cumbrous and wearisome. With an aquatic animal these would 

not be disadvantages. He considers, therefore, disagreeing with Kaup (1833 [1833.2], p. 172), that Deinotherium 

frequented freshwater lakes and rivers, and was most nearly related to the tapirs. The tusks were used for up- 

rooting and plucking roots and large aquatic plants. From their construction it is seen that for this purpose they 

united the mechanical strength of the pickaxe with that of a very heavy harrow. The weight of the head, pressing 

on the downwardly pointing teeth, would increase the effectiveness of such a use, just as a heavy weight is fastened 

to a harrow to increase its effect. Possibly Deinotherium also used its tusks to lay hold of the bank and so to 

1See footnote 1 on page 85. 
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anchor itself, Thus the nostrils would come above the level of the water, so that the creature might sleep without 

danger and could breathe, while its body, floating in the water, remained concealed with the muscles relaxed and 

resting; for the weight of head and body would also serve to keep the tusks fast hooked in the same place, like 

the weight of a sleeping bird whose claws hold it fast to the branches on which it sits. It is also most probable that 

Deinotherium, like the walrus, used its tusks to drag itself on the land, or in case of danger or of attack as a means 

of defense. From the construction of the shoulder-blade it is clear that the fore feet were used in conjunction with 

the tusks for uprooting and dragging out roots and large aquatic plants. Hind limbs it did not have. 

Fig. 57. Four views of the reconstructed original Eppelsheim skull of Deinotherium giganteum in the British Museum (Natural History). After 
Andrews, 1921, pp. 525-534, figs. 1-4. 

This is the first skull found at Eppelsheim and referred to by Weinsheimer (1883, p. 210) as having been exhibited in Paris, March 15 and 16, 1837, 

to the members of the Academy of Sciences and other savants for their consideration, resulting in widely divergent views, and afterward sold to the 

British Museum in London. 

According to Andrews (1921, pp. 525, 526), this skull was discovered in 1835 by von Klipstein in the well-known ossiferous sands of Eppelsheim (Hesse- 

Darmstadt); the specimen was described by von Klipstein and Kaup in 1836 under the title ‘‘ Beschreibung und Abbildungen von dem in Rheinhessen auf- 

gefundenen colossalen Schadel des Dinotherii gigantei”’; while in Paris the skull was examined by de Blainville, who has given one of the best descriptions 
as yet published; it was then intended to send the specimen to London, but whether this was done at that time is uncertain; some years later, in 1849, 
it was certainly in London, and was offered to the British Museum for purchase; it was then examined and reported on by Buckland and Owen; the pur- 
chase, however, was not completed, and the skull seems to have been sent back to Darmstadt. About 1866, von Klipstein sold his collection to Dr. Old- 
ham, Director of the Geological Survey of India, and from him the British Museum acquired the specimen, which is in an excellent state of preserva- 
tion, despite the widespread idea that it was injured on its journey to London. 

Kaup AND von Kuipstern, 1836.—Shortly after, one of the most interesting paleontological discoveries was 
made in the Lower Pliocene of Eppelsheim, Germany, namely, a complete skull of Deinotheriwum which was 
described by Kaup (von Klipstein and Kaup, 1836). Kaup holds to his original view, and thinks that the walrus-like 
structure of the posterior half of the skull—on account of which Buckland considered Deinotherium an aquatic 
animal—offers no difficulties, and that such a flattened occipital region would permit the insertion of more 
powerful muscles than an abruptly ending occiput. Beside, these muscles would have to be excessively powerful 
if Deinotherium used its tusks for tearing and rooting up the earth. This Eppelsheim skull—later sold to the British 
Museum in London, uninjured in transport—was exhibited by von Klipstein and Kaup in Paris, March 15 and 16, 
1837, to the members of the Academy of Sciences and other savants for their consideration, and again there 
resulted widely divergent views. [See Fig. 57 of the present Memoir.] 
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Der BuaAINviLLE, 1837.—Thus de Blainville (1837.1) gives a minute description of the Eppelsheim skull, and 

classes Deinotherium as a genus belonging to the family of aquatic pachyderms |i. e., Sirenia] together with Halicore 

and Manatus, while Elephas, Mastodon, and Tetracaulodon belong to the terrestrial pachyderms [i. e., Proboscidea]. 

In regard to the habits of Deinotherium he practically agrees with Buckland. Later (1839) de Blainville recognizes 

two species, Dinotheriwm Cuviert Kaup (1832) and Deinotherium giganteum Kaup (1829), and of the latter he 

distinguishes three separate varieties—Dinotherium majus de Blain., Dinotherium medium de Blain., and Dino- 

thertum minus de Blain.—based on the size of the teeth. 

Dumeéril (1837, p. 427) and Isidore Geoffroy Saint-Hilaire (1837, p. 429) agree with de Blainville, while Strauss 

(1837, p. 529) considers Deinotherium exclusively aquatic and not able, like Hippopotamus and Manatus, to come 

on land. From the large narial openings he concludes that it had a trunk—the existence of which de Blainville 

1/16 nat. size 

D. giganteum D. giganteum 
Falc. 1847, Pl. XLIV, Fig. 1 (rev.) Falc. 1847, Pl. XLil, Fig. 1 

Fig. 58 

Fig. 58. First Eppelsheim skull and jaws of Deinotherium giganteum, after the cast and restoration of Kaup, about one- 

twelfth natural size. Copied from Gaudry, 1878, p. 188, fig. 248. Type jaw in Darmstadt Museum; skull in British 

Museum (see Fig. 57). 

Fig. 59. Restored Eppelsheim skull and jaws of Deinotherium giganteum Kaup. After Falconer, 1846 [1847], from 

original in Museum of Darmstadt. 

Al, Op. cit., Pl. xin, fig. 1. A, Op. cit., Pl. xxiv, fig. 1 (rev.). 

doubted—used like that of the elephant for seizing food. The tusks were not used for uprooting plants, because 

they showed no signs of wearing down, but were used like those of the elephant for self-defense only. It formed a 

separate family, transitional between pachyderms and cetaceans. Jacquemin (1837) placed it between Rhinoceros 

and Elasmotherium, and Owen (1840) between the tapir and the pachyderms with trunks. Owen [1840-1868] 

gives the dental formula of Deinotherium as follows: 

1. Deciduous teeth; Dir=t; Des=s; Dp3=s=16. 

2. Permanent teeth; I+; Ci=s; Pi=3; M%=$=22. 

He claims that of the three milk molars in the young animal, the anterior has no corresponding permanent tooth, 

that the tusks of the male are twice as large as those of the female, and that in both cases they were used for 

uprooting aquatic plants, since, like Hippopotamus, it was an aquatic pachyderm. 

Kaup, 1841.—After the discovery of the first great [Eppelsheim] skull [now in the British Museum (Natural 

History)], the Museum of Darmstadt received a great number of additional Deinotherium remains from Eppelsheim 
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and Westhofen, which Kaup studied and described in the ‘‘Akten der Urwelt”’ in 1841. By that time he already 

had extensive material at his disposal, including the complete [Eppelsheim] skull, three skull fragments, 13 lower 

jaws, and 115 molar teeth. He now changes his former views, and considers that the adult Deinothertum had only 

five molars in both upper and lower jaw, while in the young six were present, anterior to the first being a “super- 

fluous”’ one which, however, soon fell out. 

All the teeth of Deinotherium previously known belonged to only one species [i. e., D. giganteum Kaup] with a 

wide range of variation in size. Dinotherium proavum Eichwald [1835], Dinotherium medium Kaup [1833.3] (see 

below), Dinotherium Cuviert Kaup [1832] sive bavaricum H. von Meyer [1831] are therefore not admitted by Kaup as 

species. These teeth do not justify the recognition even of large or small varieties. Nevertheless Kaup introduces 

(1841, p. 49) in addition to his Deinotherium giganteum a new species which he calls Dinothertum Konigit Kaup. 

‘Dinotherium giganteum varies greatly in size, so that individuals of this species may have attained a length 

of 18 Parisian feet, while others again may have been barely 11 feet long.’ On the other hand, the smaller species, 

Dinotherium Konigii, is supposed not to have exceeded the Indian Rhinoceros in length. In regard to the life and 

habits of Deinotherium Kaup reiterates his former opinions. 

et D. INTERMEDIUM. 

Fig. 60. De Blainville’s original type figure of Dinotherium intermedium, 1839-1864 [1845], Pl. ur. 
Possibly from the Upper Miocene of Simorre (cf. p. 111). Right mandibular ramus. One-third natural size. 

Owen’s Error, 1843.—Up to 1848 remains of Deinotherium had been found only in Europe, but now it was 

claimed that remains of the creature had also been found in Australia. Certain of these were sent to London 

and studied by Owen (1843) who ascribed them to a separate species which he named Dinotheriwm australe 

Owen. Later, however, these remains were recognized as belonging to [the giant marsupial] Diprotodon. 

Kocu, 1843.—In 1843 Koch (1845, p. 41) saw in the British Museum in London a part of a lower jaw, 

discovered in Compubay,' western India, and labeled “Mastodon angustidens.” By a detailed examination he 

found that it did not belong to the genus Mastodon but to Deinotherium, and, if not to a very old specimen, at 

least to one fully adult, which—on account of the comparatively small molars—he named Dinotherium angusti- 

dens Koch. He completely agrees with Buckland (1835) in regard to its life and habits, and classes it with the 

Proboscidea as intermediate between T'etracaulodon Godman and Missourium Koch. Geinitz (1846) agrees with 

him. 

Fauconer, 1845.—Shortly after this remains of Deinotherium were also found in western India. Falconer 

(1846|1845]) describes the posterior half of a lower left molar of Deinotherium from a chalky ferruginous conglomerate 

(‘Im Jahre 1843 sah ich im britischen Museum zu London eine in Compubay in Ostindien aufgefundene, mit der Ueberschrift: ‘Mastodon angustidens’ 
versehene untere Kinnlade.” (Koch, 1845, p. 41.) For “Compubay,” a locality not on any existing map, probably read Cambay, western India.| 
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from Perim, a small island at the mouth of the Narbada [Nerbudda River] in the Gulf of Cambay on the west coast 

of India, which differs from the corresponding parts of an Eppelsheim tooth in having the transverse crest and 

the enamel thicker. He therefore ascribes it to a new species which he names Dinotherium indicum Falconer. 

He considers Deinotherium very nearly related to Mastodon Ohioticus (Falconer, 1868, 1, p. 85) and belonging 

likewise to the Proboscidea. 

Gervais, 1848.—Gervais (1848) classes Deinotherium with Mastodon in the order Proboscidea, and recog- 

nizes three species—Deinotherium giganteum, Dinothertum intermedium de Blainville (see fig. 60), and Dinotherium 

Cuvieri—while Wagner (1850), Girard (1851 [1852]), and Pictet (1853) continue to place it in the order Sirenia. 

Burmeister (1851) holds it for an herbivorous sea monster, 15-20 feet long, with short, thick neck, powerful, 

slender rump, and broad, effective flippers for creeping like the walrus, which like all the Sirenia frequented the 

mouths of large rivers, and used its tusks for assisting its movements on shore and for uprooting aquatic plants. 

DISCOVERIES IN WESTERN Europe, 1850-1858.—Again in the 50’s a great number of remains of Deinothertum 

were found in a variety of places, and announced chiefly in brief reports. Opinions in regard to species, dentition, 

and classification continued divergent. Jiiger (1850) reports the occurrence of Dinotherium Cuvieri Kaup sive 

bavaricum H. von Meyer at Mésskirch [Upper Miocene], and of Deinotherium giganteum Kaup near Salmendingen 

in the pisolitic iron ores of the Swabian Alb. Quenstedt (1851 [1850]) reports the occurrence of the latter in the 

pisolitic iron ores of Melchingen south from Tiibingen, and later (1853) in those of Frohnstetten, and says that 

Deinotherium had not five, but six, molars in both jaws. Von Hingenau (1852) found molars near Nikolsburg and 

Keltschau; Glocker (1852) a tusk and several molars in the blue marl near Abtsdorf; Fétterle (1853) the right half 

of a lower jaw with tusk near Fiinfkirchen and a molar near Keltschau; and Merian (1854) a molar in the Delsberg 

valley in the Bernese Jura. Pomel (1854 [1853]) classes Deinothertum with Elephas and Mastodon among the 

Proboscidea; Bronn (Lethaea, III, p. 803) as intermediate between Sirenia and Pachydermata; and Agassiz 

(Bronn, Lethaea, III, p. 805) among the herbivorous Cetacea. 

In 1853, in consequence of the collapse of an embankment on the Prague-Briinn railway, a skeleton of Deino- 

thertum giganteum was exposed in the blue marl near Abtsdorf, the bones of which lay together, covering a space 

about 24 feet long and 18 feet wide. Many of them fell to dust after being for a time exposed to the air; others, 

before word of the discovery was noised abroad, were shattered or cleared away. All that was preserved was the 

complete jaws and dentition, the first and second cervical vertebra, a few dorsal and caudal vertebre, a large part 

of the tarsus and metacarpals, and a few large fragments of the limb bones. These skeletal parts of a juvenile 

specimen, which are now in the Bohemian Museum of Prague, prove incontestably that Deinotheriwm should be 

classed not with the Cetacea, but with the Pachydermata as nearly allied to Mastodon (Reuss, 1855). Neverthe- 

less Giebel (1855) again classes it among the Sirenia as nearly allied to Halitherium. 

Deinotherium remains were found in France at this time by Lockhart (1853) in the Department of Loiret: 

by Bayle (1855) near La Chaux-de-Fonds in the Miocene Molasse which is identical with the deposit of Simorre 

and Sansan [Miocene] and the Faluns of Touraine; and by Rouault (1858) near Rennes, his discovery consisting 

of a large molar of Dinotherium Cuviert. Hauser (1856) discovered remains of a Deinotherium skull in the Leitha 

chalk near Breitenbrunn on the Neusiedler See, Hungary. Gaudry and Lartet (1858) found a tibia 95 em. long, 

and Wagner (1857) askull fragment with five permanent teeth anda forearm of a young individual at Pikermi [Lower 

Pliocene]. Wagner believes that all Deinotherium remains known up to this time belong to one and the same 

species. Aichhorn (1857) found teeth of Deinotherium gigantewm near Wies in Steiermark [Miocene]. Fdétterle 

(1857) found a fragment of the right side of the chin with a molar and several bones of the torso embedded in fine 
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sand intermixed with rubble (Schotter) lying above the upper brackish blue marl. At other sites in Austria Poppe- 

lack (1858), Hoérnes (1858), and von Hingenau (1858) found various more or less important remains of 

Deinotherium. 

Larter, 1858 [1859].—Lartet (1858) holds the opinion that the first dentition in the upper jaw of the young 

Deinotherium consists of three milk teeth on either side, followed by the first molar of the second dentition, and 

then by the second molar. The first milk tooth falls out but is not replaced; the second and the last are replaced 

by premolars which are simpler than the corresponding milk teeth. Accordingly he gives the following dental 

formula: 

1. First dentition: Dit=t; Dp 2-43=3=14. 

2. Second dentition: It=+; P 3-423; Ms=3s=22. 

Lartet recognizes four species: 

1. Dinotherium giganteum Kaup, syn. Dinotherium proavum? Kichwald. 

2. Dinotherium sp.? Lartet. 

3. Dinotherium bavaricum? H. v. Meyer, syn. Dinotherium intermedium? de Blainville. 

4. Dinothertum Cuviert Kaup. 

Gaupry, 1860-1878.—Gaudry (1860) in his excavations at Pikermi, Greece [Lower Pliocene], collected a 

great number of skeletal fragments of Deinotherium giganteum which he considers as an ambulatory terrestrial 

animal related to Mastodon and Elephas, which was also his opinion in 1861 and 1862 when (p. 162) he gives a 

detailed description of the Greek remains and feels obliged to consider the various species of Deinotheriwm merely 

as varieties of one species (Il. ¢. p.171). Miller (1861) feels obliged to doubt whether Deinotherium was exclusively 

an aquatic animal, and Hensel (1862 [1863]), on account of its skeletal structure, classes it among the pachyderms 

with trunks. Suess (1863) reports a small Deinotherium (Deinotherium bavaricum?) from the [Upper Miocene] coal 

seams of Parschlug, Eibiswald, Turnau, Wies, etc., in Steiermark, and a large one, similar to the unnamed species 

of Lartet, in purely marine deposits. Rachoy (1863) and Stur (1864) found remains of Deinotherium bavaricum in 

the overlying sandstone of the coal bearing Tertiary basin of Leoben in Steiermark. 

CRANIAL CHARACTERS, CLauptus, 1865.—Claudius (1864 [1865]), from the structure of the auditory laby- 

rinth of Deinotherium, shows positively that this genus, like the elephant, belongs to the family of the Proboscidea 

and among the pachyderms. According to his researches both Elephas and Deinotherium have a depressed auditory 

cochlea with less than three convolutions, but notably broad at the base. The planes of the superior and posterior 

convolutions of the semicircular canals which intersect in the crus commune, form an angle less than 90°, while in 
Rhinoceros and Tapirus the cochlea is higher, the angle formed by the superior and posterior convolutions is at 
least 90°, and the cochlea has hardly more than two convolutions. From the size of the canalis facialis the exist- 
ence of a trunk may be inferred with certainty. In Deinotherium the facialis nerve is led from the inner ear through 
an elliptical foramen 5’”’ long and 2’” wide. The latter figure, which remains the same for the passage through the 
tympanic cavity, gives the diameter of the nerve which, from the inner ear outward, penetrates the thin bone in a 
diagonal direction and thus produces an elliptical opening. The nervusfacialis of Deinotherium was about the size 
of the medianus nerve in man, and served like it for the innervation of an enormous number of muscle fibers. In 
the elephant this canal has the same dimensions: in the tapir it is proportionally much narrower. The stapes is 
similar in structure to that of the elephant; the incus somewhat smaller (6’”"; 4’); in its morphological rela- 
tions the labyrinth corresponds perfectly to that of the elephant; similarly the canalis ganglionaris of the cochlea 

. . 

7 
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agrees perfectly with that of the elephant, and consequently shows marked differences from all other mammals in 

this respect. 

GerRvAIS (1864), FaLconEeR (1868).—In Hérault, between Narbonne and St. Chinian, in the freshwater 

Molasse of Montredon, Gervais (1864) discovered teeth of Deinotherium giganteum in the Upper Miocene [Lower 

Pliocene], as well as fragments of tusks, several bones of manus and pes, a metacarpal, and a phalanx, also an in- 

ner ear. In Haute-Garonne, Salaro (1864)["| discovered a pelvis of Deinotheriwm in which he believed he recognized 

marsupial epipubic bones, and therefore concluded that it was a monstrous pachyderm-like marsupial related to 

Megatherium, a view also supported by H. von Meyer (1865, p. 1 et seg.). Quenstedt (1867) has doubts whether 

Deinotherium should be classed with the pachyderms or the cetaceans, while Carus (1868) would place it between 

the Sireniaand the Proboscidea. According to Falconer (1868) Deinotherium had only two milk molars in both 

upper and lower jaws—the posterior with three, and the middle one with two transverse crests. The anterior or 

third remained undeveloped. The two milk teeth were replaced vertically by an equal number of premolars, 

both of which have two crests. Following these come the three true molars, of which the first has three transverse 

crests, and the otherseach two. He divides the Proboscidea into Mastodon and Elephas, and holds Deinotherium for 

a divergent form of the latter. 

OwEN (1840) ro LypEKKER (1876).—Among the more recent works on Deinotherium is that of Brandt (1869). 

He agrees with Owen (1840) and Lartet (1858) that of the three milk molars [Dp 2-4] the anterior one [Dp 2] 

has no corresponding replacing tooth [P 2], while both the others when they fall out are replaced vertically by two 

premolars [P 3-4]. Thereconstruction of Deinothercwm which he figures is very similar in form to the elephant, 

and he also says that Deinotheriwm was a true member (genus) of the family of elephant-like animals, more nearly 

allied to Mastodon than to the elephants, more nearly allied than either Mastodon or Elephas to many other 

pachyderms, and related—though slightly—to the Sirenia. Its life and habits resembled those of the elephant. 

-Inaseparate chapter he lists the various species of Deinotherium, with the remark that he will not increase the 

confusion and divergence of opinions by offering new and unproven views. 

Peters (1871) describes a number of Deinotheriwm remains from the highest Miocene deposits of southern 

Steiermark, which include Deinotherium gigantewm Kaup, Dinotherium medium Kaup, Dinotherium Cuviert Kaup, 

Deinotherium bavaricum H. von Meyer, the latter being only a variety of Deinotherium giganteum Kaup. He considers 

Deinotheriumas a creature of fluviatile habitat, spending more than half its time immersed in river water. Bach- 

mann (1875) describes and pictures a lower jaw from the Delsberg valley in the Bernese Jura, which he identifies 

with Deinotherium bavaricum H. v. M., and considers as belonging to the pachyderms and not nearly allied to 

Manatus. Zittel (1875) ranks it with the Proboscidea, between Mastodon and Elephas. Holliinder (1877) also 

classes it with the Proboscidea, but says that the structure of the skull is not unlike that of the Sirenia, and that 

it was of aquatic habit. In regard to the dental succession in Deinotherium, Vacek (1877) fully agrees with Lartet 

(1858). He considers Deinotheriwm as the direct ancestor of Mastodon in the family Proboscidea, and so also 

does K6llner (1882). 

Lydekker (1876) describes a molar from India which he identifies with ‘Dinotherium pentapotamicum’ 

Falconer and later (1880) recognizes a third Indian species, beside Dinotherium pentapotamicum and Dinotherium 

indicum Falconer, which he founds on a fragment of lower jaw from Sind and names Dinotherium sindiense Lyd. 

He classes Deinotherium with the Proboscidea. 

‘See Sanna-Solaro in Bibliography at close of present Volume I. 
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The above historical summary is on the authority of Dr. O. Weinsheimer (1883), and the reader is referred to 

his monograph “Ueber Dinotherium giganteum Kaup,” in which he also gives an invaluable Literatur-Verzeich- 

niss (pp. 214-216) of one hundred and fifteen titles, from Réaumur (1715) to Vacek (1882). Weinsheimer then 

reviews (1883, pp. 217-238) the whole subject of the dentition as observed chiefly in the collections of the mu- 

seums of Germany. He describes the newly found jaw in the Darmstadt Museum (pp. 238-244) also the cranial 

and skeletal material in the same Museum (pp. 244-247), and then considers the nomenclature (pp. 247-264) 

of the following sixteen species described or named up to the year 1880: 

Synonymy Monospecific 

fide Weinsheimer fide Weinsheimer 

Deinotherium giganteum Kaup type, Eppelsheim, 1829 = Deinotherium giganteum Deinotherium giganteum 

Dinotherium cwieri Kaup type, Eppelsheim, 1832 = Deinotherium cuvieri Deinotherium giganteum 

Dinotherium medium Kaup type, Eppelsheim, 1833 = Deinotherium giganteum Deinotherium giganteum 

Dinotherium maximum Kaup type, Eppelsheim, 1831, 1832 = Deinotherium giganteum Deinotherium giganteum 

Deinotherium bavaricum von Meyer type, Upper Miocene, 1831 = Deinotherium cuvieri Deinotherium giganteum 
Weinsheimer gives a very full discussion with measure- 

ments relating to this synonymy 

Dinotherium proavum Hichwald type, 1835, Podolia, Russia = Deinotherium proavum Deinotherium giganteum 

Dinotherium secundarium Kaup (ref. Lartet), 1835 =Deinotherium giganteum (fide 

Lartet-Weinsheimer) Deinotherium giganteum 

Dinotherium kénigui Kaup type, 1841 =Deinotherium cuvieri Kaup sive 

D. bavaricum von Meyer Deinotherium giganteum 

Dinotherium minutum von Meyer type (in Bronn, 1841), 

Upper Miocene, Mésskirch = Deinotherium bavaricum (?) Deinotherium giganteum 

Dinotherium australe Owen type, 1843 = Diprotodon australe 

Dinotherium angustidens Koch type, Compubay, western India 

[Cambay (?), western India], 1845 = Deinotherium angustidens Deinotherium giganteum 

Dinotherium intermedium de Blainville type, 1845 =Deinotherium bavaricum (fide 

Lartet, 1858) Deinotherium giganteum 

Dinotherium indicum Falconer type, 1845, compare Dinotherium 

perimense, Falconer, 1868, p. 415, Pliocene, Perim Island = Deinotherium indicum Deinotherium giganteum 

Dinotherium levius Jourdan type, 1861 =Deinotherium giganteum (fide 

Gaudry-Lartet) Deinotherium giganteum 
Dinotherium pentapotamiz Falconer type (MS.), 1868 = Deinotherium pentapotamiz Deinotherium giganteum 

Dinotherium sindiense Lydekker type, Middle Miocene, Sind, 1880 =Deinotherium sindiense Deinotherium giganteum 

Monospeciric Error.—The above synonymy is partly based on the erroneous treatment by Weinsheimer 

of Deinotherium giganteum |Lower Pliocene] as a collective species which embraces many of the Miocene stages 

also. He closes, accordingly, with the following ‘“‘Schlussbemerkungen”’ (pp. 280, 281), that in view of the 

great variation in size of the teeth of Deinotherium, and despite the various geologic horizons or layers in which 

the remains of Deinotherium occur, we have to do with one single European species, namely, Deinotherium 

giganteum: 

Hiernach sind also alle Species, welche nach Zihnen oder Kiefern aufgestellt sind, die in Grésse und Gestalt von den dem 
Dinotherium gigantewm Kaup zugerechneten nicht mehr abweichen, als von den betreffenden Autoren angegeben wurde, zu einer 
einzigen Species zusammenzufassen, fiir welche die von Kaup zuerst gebrauchte Bezeichnung Dinotherium giganteum beizube- 
halten ist. Der Grund der mehr oder weniger grossen Abinderungen in Grésse und Gestalt der Zihne und Kiefer ist, wie wir 
gesehen, theils auf individuelle, theils auf sexuelle und besonders auch auf Altersverschiedenheiten zuriickzufiihren. . . . Um 
dies zu erkliiren, miissen wir annehmen, dass das Dinotherium verschiedener Zeitriume und Landschaften die bedeutenden 
physischen Veriinderungen, welche allenfalls zwischen die Ablagerungszeiten der verschiedenen Schichten der jiingeren Tertiiir- 
periode fallen, iiberdauert hat, ohne in merklicher Weise von denselben beeinflusst worden zu sein und ohne wiihrend der sehr 
langen Zeitdauer, welche zwischen diesen Veriinderungen liegt, die geringste Sechwankung seiner Artenmerkmale zu erfahren. 
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Weinsheimer’s Memoir concludes with an invaluable review (pp. 269-280) of the geographie distribution of 

Deinotherium in the provinces of Germany, Switzerland, France, Austria-Hungary, Russia, Greece, and India. 

HISTORICAL SUMMARY BY OSBORN, 1883-1934 

The historical summary below by the present author relates to some of the chief and more important papers 

which have appeared since Dr. O. Weinsheimer’s review (1883), namely, between 1883 and 1934, but also includes 

citations from some of the earlier authors, as follows: 

Richard Owen, 1840-1868 Charles W. Andrews, 1911 C. Forster Cooper, 1922 

Gregoriti Stefainescu, 1892-1899 R. Fourtau, 1918 Giinther Schlesinger (letter), 1923 

E. Kittl, 1908 A. Brives, 1919 Othenio Abel, 1924 

Lucien Mayet, 1908 Charles W. Andrews, 1921 R. W. Palmer, 1924 

RicHaRD OwEn (1840—1868).—First we may revert to Richard Owen (1840-1868), who records (1840, p. 609, 

1868, III, pp. 358, 359) the permanent dentition in Deinotherium as, I73; C33; Pi¢; M?3=22, and adds three 

superior and inferior deciduous premolars and one deciduous incisor, namely, Dp 2-43, Dir. 

As regards the tusks, Owen observes (1868, III, p. 359): “The generic peculiarity of the Dinotherium is most 

strongly manifested in its tusks. These, fig. 288, 7, are two in number, implanted in the prolonged and deflected 

symphysis of the lower jaw, in close contiguity with each other, and having their exserted crown directed down- 

ward and bent backward, gradually decreasing to the pointed extremity. In jaws with molar teeth of equal size, 

the symphysis and its tusks offer two sizes; the larger ones, which have been found four feet in length, with tusks 

of two feet, may be attributed to the male Dinothere; the smaller specimens, with tusks of half size, to the female. 

The ivory of these tusks presents the fine concentric structure of those of the Hippopotamus, not the decussating 

curvilinear character which characterises the ivory of the Elephant and Mastodon. No corresponding tusks, nor 

the germs of such, have yet been discovered in the upper jaw of the Dinotheriwm.”’ 

1878-1899. THE GIANT DEINOTHERES OF RUMANIA 

STEFANESCU, 1892.—Professor Gregoriti Stefiinescu of the University of Bucharest discovered remains of 

Deinotherium far exceeding in size any previously described, to which he gave the name Dinotherium gigantissimum, 

in allusion to Kaup’s term Deinotherium giganteum of 1829. 

There was first discovered in 1878, at Gaiceana, district of Tecuciti, a molar tooth, probably an Mz, of 120 

mm. in length and 120 mm. in width, thus exceeding in size the corresponding tooth of Deinotheriwm giganteum. 

This molar becomes the type grinding tooth of Stefainescu’s new species Dinotherium gigantissimum, 1892. It was 

embedded in yellowish-gray sand (op. cit., 1892, fig. 24) belonging to the Middle Miocene [Lower or Middle Pliocene]. 

An abbreviated summary of this very important discovery taken from his paper published in 1892 is as follows: 

(Stefanescu, 1892, pp. 81, 82): “I received in 1878 a fossil molar tooth found at Gidiceana, in the judet 

(district) of Tecuciti. It was the last but one molar of a Dinotherium, but it was so large that it could not have 

belonged to the usual D. giganteuwm, as you may judge from the following dimensions: 

Antero-posterior diameter meters 0.12 

Transverse diameter " 0.12 

Height of the crown bi: 0.08 

Height of the root ss 0.14 

Distance between the hills of the crown . 0.05 

Thickness of the hills at their basis sf 0.05 
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These uncommon dimensions should lead us to look at these remains as belonging to another species than the 

usual D. gigantewm, which may be named D. gigantissimum.” 

In the same paper Stefiinescu describes a second discovery at Manzati of which the following is an 

abstract (p. 82): 

MAnzati Vattey.—In 1890, in the valley of MAnzati, district of Tutova, was discovered a head of Deinotherium, 

partly removed by visitors, also other remains, preserved as follows: 

1. Right branch of lower jaw with five molars, P;-Ms3, referred to D. gigantissimum [Stefanescu, 

1896 (1899), Tab. 1]. 
2. Portion of left branch of lower jaw with two posterior molars, referred to D. giganteum 

[Stefanescu, 1895, p. 175]. 

3. Fragment of right branch of upper jaw with portion of palatal bone and three molars, 

referred to D. gigantissimum |Stefanescu, 1896 (1899), Tab. m1]. 

4. Tenribs, one of which measures 1200 mm., of doubtful reference, Stefanescu, 1892, p. 83. 

5. Scapula, measured zn situ, transverse diameter 1150 mm., Stefanescu, 1892, p. 83. 

Fig. 61. Outline of referred grinding teeth of Deinotherium gigantissimum, after Stefiinescu, 1895, Tab. tv and y. Reduced to two-thirds 
natural size. 

A, Second left inferior molar, 1.Mo, from MAnzati. 
B, Third left superior molar, 1.M®, from Giiceana. 

According to the above descriptions of Stefiinescu of 1892, 1895, 1896 [1899], remains referred to Deinotherium 
giganteum and to D. gigantissimum occur in the same horizon in the Manzati Valley (see Stefinescu, 1892, fig. 24, 

section through Manzati Valley). 

Hisroricat Review.—In the Introduction to his paper of 1895 (pp. 173-177) Stefinescu gives a full historical 
review, ‘Historique du Dinothérium,”’ of the successive discoveries of remains of Deinotherium together with 
discussions as to the anatomy and affinities of this animal, beginning with Cuvier (1822) and ending with 
Hollander (1877) and Bieber (1884), namely, from the Tapir gigantesque of Cuvier to the Franzensbad 
Deinotherium. 
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DESCRIPTION OF DINOTHERIUM GIGANTISSIMUM STEFANESCU, 1878, 1892, 1895, 1896 [1899] 

Stefainescu’s original description of the type molar of Dinotherium gigantissimum, “Découverte d’une molaire 

de Dinothérium en Roumanie,”’ 1878, is not accessible for the present Memoir. The accompanying outlines (Fig. 

61) copied from Stefinescu’s paper of 1895, Tab. 1v and v, exhibit a second inferior molar and a third superior 

molar referred by him to this species. 

In 1895, however, Stefiinescu gave a full description of the discovery of Deinotherium in Rumania, under the 

subtitle ‘“Le Dinothérium en Roumanie,’ 

Boghitii, Giiceana, district of Tecuciti, referring them in part to Deinotheriwm giganteum and in part to the 

largest species which he had named Dinotherium gigantissimum. 

’ in which he mentions the discovery in 1878 of remains at Fundul 

After reviewing (op. cit., 1895, pp. 173-177) the 

chief materials found in Rumania referable to D. gigan- 

teum and to D. gigantissimum, Stefinescu describes and 

figures in detail (pp. 177-195, Tab. 1-v) the skeleton 

and teeth from MaAnzati referred to the giant species D. 

gigantissimum, including the successive stages of dis- 

covery of: (a) Inferior tusk (1889), (b) left inferior 

maxilla and large part of right inferior maxilla, also 

part of left superior maxilla (1890), two iliz, two 

scapulz, vertebree, four limbs, eighteen ribs, one tusk, 

fragments of cranium, débris of teeth and of different 

bones (1890). He concludes (p. 183): ‘‘Comme on le 

voit, j’ai eu le bonheur de trouver 4 Manzati le squelette 

presque complet de ce colossal Dinothérium; je n’ai 

trouvé cependant que deux vertébres, mais il est probable 

qu’on trouvera aussi les autres.”’ The bones were 

found within a space 10 m. in length and 3 m. in 

breadth, 30 sq. m. in all. Stefiinescu indicates the fol- 

lowing conditions regarding depth (op. cit., p. 183): 

“Ces faits prouvent ou que le Dinothérium de Manzati 

est mort envasé dans un endroit bourbeux, en cherchant 
‘ 

iy boire ou A s’y rafraichir, ou que, aprés sa mort, 
Fig. 62. Front and side views of tibia and pes of Dinotherium gigan- : ie ; 

il a été presque aussitot recouvert d’une couche de tissimum, after Stefinescu, 1899, Tab. rv. 

limon, qui a empéché le corps de se décomposer 4 ‘®lfthnaturalsize. 
This retouched drawing is one- 

Pair, ou d’étre la proie des animaux féroces qui eussent dispersé les os et y eussent laissé la trace de leurs dents 
aigués.”’ 

The following details are important: (1) In this excavation all the parts belong incontestably to one individual; 

(2) nearly all the bones were found in normal connection; (3) no doubt remains that Deinotheriwm had but three 

digits [D.II, III, 1V—Fig. 62], with a vestigial D.I in the pes; the tarsal and metatarsal bones are more or less 

eylindrical. 
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From the detailed measurements of all these parts, we may extract the following: Found with the skeleton 

from MAnzati, a second left inferior molar, 1. M:, diameters, ap. 111 mm., tr. at protolophid 90 mm., index 81. 

Found at Giiceana, a left third superior molar, |. M*, diameters, ap. 107 mm., tr. 105 mm., index 98. 

COMPARATIVE DIAMETERS AND LENGTHS OF GRINDERS AND Limes! 

Anteroposterior diameter of M2 

Anteroposterior diameter of M; 

Space occupied by five inferior 

molars, P3-M3 

Length of inferior tusks 

Length of tibia (ef. Fig. 62) 

Height of tarsus (ef. Fig. 62) 

Total length of median Mts. III 

Tapir Deinotherium 

gigantesque giganteum 
Cuvier Kaup 

85 81 
91 

453 

920e 

The author concludes (1895, p. 197): 

Deuxiéme molaire de la mAchoire 

inférieure [second inferior molar, 

M2] 

Diamétre antéropostérieur 

Diamétre transversal de la colline 

postérieure (4 la base) 

Diamétre transversal de Ja colline 

antérieure (4 la base) 

Derniére molaire de la mAchoire 

supérieure [third superior 

molar, M*] 

Diamétre antéropostérieur 

Diamétre transversal de la colline 

postérieure (base) 

Diamétre antéropostérieur de la 
colline antérieure 

Tapirus gigan- Dinoth. gigan- 

teus de France teum d’Eppels- 

Cuvier heim Kaup 

0,085 0,081 

0,073 0,072 

0,075 0,076 

Dinothérium 

giganteum 

d’Eppelsheim 

0,091 

0,084 

0,091 

Dinothertum Dinotherium 

indicum Fale.  gigantissimum 

and Pilgrim Stefanescu 

Manzati 

99 111 

114 

540 

560 

930-976 

210 

152 

Dinothérium Dinothérium 

Indicum de Périm _ gigantissim. 

Falconer de Manzati 
Stefanescu 

0,099 0,111 

0,088 0,097 

0,099 

Dinothérium 

de Manzati 

0,114 

0,107 

0,117 

Dinotherium 

gigantissimum 

Stefainescu 

Giiceana 

107 

Dinothérium 

de Gdiceana 

0,107 

0,104 

0,117 

The author observes in his paper of 1896 [1899], p. 127, as follows: ‘‘Si, d’une part, nous considérons les 

dimensions de beaucoup plus grandes des dents du Dinothérium Gigantissimum, en comparaison avec celles des 

autres Dinothériums connus, et surtout avec celles du Dinothérium Giganteum, si, d’autre part, nous prenons en 

considération l’existence d’un bourrelet crénelé continu A la base de toutes les molaires de la mAchoire supérieure, 

et surtout de la premiére molaire, ce qu’on ne trouve pas de la sorte chez les autres espéces, nous pouvons, 4 bon 

droit, regarder le Dinothérium de Manzati comme appartenant A une autre espéce, et conséquemment, regarder 

comme étant assez justifiée, la creation de l’espéce Gigantissimum.” 

‘Limb measurements of D. bavaricum of Franzensbad inserted below (pp. 100, 102). 
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1908. FIRST RECONSTRUCTION OF THE SKELETON OF DEINOTHERIUM BAVARICUM 

Upper Miocene of Franzensbad, Bohemia 

E. Kirrr, 1908.—The first description of this skeleton is that of Kittl in his article ‘Das Dinotheriumskelett 

von Franzensbad im k. k. naturhistorischen Hofmuseum”’ (1908). In describing the skeleton, Kittl remarks that 

this almost completely restored skeleton of Deinotherium arouses wide attention in the Vienna Museum because 

the only other skeleton which appears to be nearly as complete is in the University Museum of Bucharest. He 

speaks of the abundance of scattered skeletal materials in sand and gravel deposits of western Europe, chiefly of 

fluviatile and flood-plain origin, in contrast to the rarity of entire skeletons, in fact, an entirely complete skeleton 

had never been discovered up to 1908. The two most complete discoveries of this animal are those made near 

Franzensbad in Bohemia and near MAnzatiin Rumania, the former exhibited in Vienna, the latter in Bucharest. 

These animals belong to different species and are widely dis- 

tinguished by their size. The Franzensbad Deinotherium attains 

the dimensions of a half-grown elephant, whereas the Rumanian 

skeleton |D. gigantissimum] equals in size the largest of the living 

elephants. Its specific distinctions, however, rest less upon size 

than upon the structure of the grinding teeth; the condition of 

wear of the teeth in both skeletons indicates prolonged use. 

Comparing the [Upper Miocene] Franzensbad Deinothere with 

other skeletons, it appears to belong to a small, perhaps to the 

smallest, species of the genus Deinotherium, whereas the Rumanian 

skeleton [D. gigantissimum|] belongs to the largest variety of this 

genus. Between these two extremes we can range a series of inter- 

mediate size. It is the middle-sized Deinotherium which was first 

observed; as early as 1812 Cuvier designated them as large tapirs 

owing to the resemblance of the back teeth to those of the tapir; in 

1833 [1829] they received the generic name Dezinotherium with 

reference to their very large size. The discovery of a complete 

skull of Deinotherium in 1836 in a sand pit near Eppelsheim south 

of Mainz enabled us to understand these animals more clearly. 

It was, however, through the skeletal structure that the Deinotheres 

were first compared with the trunk-bearing pachyderms, i. e., Fig. 63. Mounted skeleton of the Upper Miocene 
. Deinotherium of Franzensbad, Bohemia, in the Royal 

elephants and mastodons, to which they have the greatest number Museum of Natural History, Vienna, referred to Deino- 

of resemblances. The most striking differences of the genus Deino- — terium bavaricum. After photograph kindly furnished 
E : . ee the present author by Prof. Othenio Abel of Vienna. 

therium, as contrasted with other proboscideans, lie in the structure 

of the skull and especially of the teeth; above all in the structure 

of the lower jaw which is strongly elongated and sharply bent downwards, the great incisor tusks bending back- 

wards and not forwards. Their second distinction is in the structure of the grinding teeth in which two sharp 

transverse crests appear, except in the middle back tooth, M?-M,, which is trilophodont. In the permanent 

dentition of the Deinotheres there are five grinding teeth in each jaw, namely, P*-P;, P*-P,, M'-M,, M?-M., M®-Msg, 

in all twenty grinders. 
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The Franzensbad skeleton, attaining a length of 3.2 m. (=10 ft. 6 in.) and a height of 2.5 m. (=8 ft. 214 in.), 

is referred to the smallest species Deinotherium bavaricum. It was found in a cleft of calcareous rock near Franzens- 

bad in the year 1883. The bones belonging to it were partly complete, partly broken into numerous fragments, 

the assembling of which occupied a long time. The complete skull with a lower jaw, several of the large bones of 

the extremities, numerous vertebre and foot bones, and a large number of ribs were modeled. For this purpose 

fossil bones and models were employed from the Vienna and other museums, also the skeleton of an elephant as an 

object of comparison. 

Referring to the stature of the species of Deinothertum: 

Deinotherium bavaricum (or D. cuvierz) includes animals of the smallest size, Middle Miocene, second Mediter- 

ranean layer. 

Deinotherium levius (or D. medium) includes animals of middle size, generally distributed; D. giganteum, 

animals of the larger size, Pliocene, Congerienschichten and Belvedereschotter. 

COMMENTS ON THE DEINOTHERIUM BAVARICUM SKELETON OF FRANZENSBAD. MIOCENE 

ScHLESINGER, 1923.—The original materials included in this mount are shown in figure 64B. The mount 

as it appears in the Vienna Museum of Natural History, with the iron-work removed, is shown in figure 64A. 

Pic. 64. DeinorupriuM BAvARICUM OF FRANzeNSBAD. ORIGINAL AND RESTORED PoRTIONS OF SKELETON AS MOUNTED IN THE VIENNA MusEUM 
From notes and observations kindly forwarded by Dr. Giinther Schlesinger (letter, Vienna, December 17, 1923) a modified description and figure of the 

skeleton of Deinotherium bavaricum are presented herewith. 
A, Photograph, side view of skeleton as mounted, with the iron uprights removed by retouching of the photographic plate. 
B, Sketch furnished by Doctor Schlesinger showing the original parts of the skeleton preserved. 

(1) OrtatnaL Parrs.—Lower jaw without incisor teeth, atlas, axis, cervicals 2, 4, dorsals 5, 9, 10, lumbars 17, 18, 22, parts of sacrum, caudal vertebra. 
Of left forelimb: Left scapula, left humerus without articular end, ulna, distal end of radius and upper proximal end, unciform, and metacarpals II, III. Of 
right forelimb: Scapula, ulna, radiale of the carpals, ulnare, trapezoid, magnum, metacarpals I, III, IV. Of the hindlimb: Pelvis, femur of right and left 
side, left and right patelle, right fibula, left caleaneum, right and left astragali, left navicular. (2) Parrs ResroreD rv PLasrer.—Sacrum partly restored. 
Cervicals, dorsals, and lumbars apparently too abbreviate. Skull and dorsal spines partly restored. (3) Errors 1n Mountine.—Scapula and pelvis appar- 
ently too upright; possibly the restoration of the extremities elongates them too much. 
e MEASUREMENTS BY PRoressor ABEL (LETTER, JANUARY 13, 1926).—Length of humerus 81.5 em., of ulna 80em., of femur 105.5 em., and of mandible 

3 cm. 
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It was at the request of the present author that further information regarding the original materials and the 

restored portions of this skeleton was kindly sent by Dr. Giinther Schlesinger in a letter dated Vienna, December 

17, 1923, as follows: 

Ihren Brief vom 15 November 1923 mit Dank bestitigend beeile ich mich, die verlangten Photographien zu iibermitteln. 

Durch die Liebenswiirdigkeit unseres Kollegen Prof. Schaffer vom Naturhistorischen Museum ist es mir méglich, Ihnen zwei 

Aufnahmen in 3 Kopien zu tibermitteln [Fig. 64A, B]....Meine niheren Angaben iiber die Verteilung von Originalstiicken 

und Erginzungen in Gips werden Sie allerdings iiber das Skelett sehr enttiuschen. Wirkliche Fossilreste sind nur: Mandibel 

(ohne Incisoren), Atlas, Epistropheus, 2, 4. Halswirbel, 5, 9, 10-17, 18, & 22, Rumpfwirbel, das Sacrum und der Schwanz, 

ferner von der linken Vorder-Extremitiit Scapula, Humerus (ohne Gelenkskopf), Ulna, distales Ende und oberstes proximales 

Ende des Radius, Unciforme und Metacarpale 2 & 3. Von der rechten Vorder-Extremitit sind original: Scapula, Ulna, 

Radiale, Ulnare, Trapezoid, Magnum, und Metacarpale 1,3,&4. Vonden Hinter-Extremititen ist das Becken original ferner: 

Femur sin. et dext., Patella sin. et dext., Fibula dext., Caleaneus sin., Astragalus sin. et dext., Naviculare sin. Alles andere ist 

Gips. 

Die Montierung des Skelettes halte ich mit Ihnen fiir zu hoch. Der Fehler diirfte daher gekommen sein, dass das Sacrum 

nur zum Teil vorhanden ist, und die Ergiinzung der Wirbelkérper anscheinend zu kurz ausgefallen ist. Auch scheinen mir 

Schulterblatt und Becken zu steil zu stehen. Vielleicht ist auch bei der Gipsergiinzung der Extremitaitenknochen etwas zu 

viel an Liinge herausgekommen. Allerdings diirfte dies kaum erhebliche Werte ausmachen. 

ABEL, 1924.—At the request of the present author, Prof. Othenio Abel in a letter dated Vienna, January 8, 

1924, kindly supplemented in somewhat more detail the information conveyed by Doctor Schlesinger, accom- 

panying it with a new and more direct frontal photograph (see Fig. 63): 

[1. Original and restored parts] Vor allem diirfte es fiir Sie wichtig sein, zu erfahren, welche Knochen erhalten und 

welche ergiinzt sind. Ich erfuhr gestern, dass Dr. Schlesinger Ihnen bereits geschrieben hat, wovom er mich nicht verstindigt 

hat; so weiss ich nicht, ob er Ihnen diese Liste mitteilte. Ich habe sie heute Vormittag aufgenommen und zwar sind von diesem 

Skelette erhalten: 

Unterkiefer (ohne Incisivem) 10 Brustwirbel (mit Neurapophyse) 
Atlas lve ne ( nur Zentrum) 
Epistropheus 18 as SF 
4 Halswirbel 4 (vorletzter) Lendenwirbel (nur Zentrum) 
6 “a Sacrum 
5 Brustwirbel (nur Zentrum) 1 bis 5 Caudalwirbel 

Linke Kérperseite: Rechte K6rperseite: 
2 Rippe 1 Rippe 
Be 3 “(nur Oberende) 
6 ae 4 ae 

7 “ce 5 ae 

Sas 7 ‘ (nur Oberende) 
17 “e 10 ae 

ll ae 

12 oe 

Scapula Scapula 
Humerus 
Radius Radius (nur untere Epiphyse) 
Ulna Ulna 

Ulnare 
Radiale 

Unciforme Unciforme 
Magnum 

Metacarp. II, III Metacarp. I, III, IV 
Becken (sehr fragmentarisch) 
Femur Femur 
Patella Patella 

Fibula 
Astragalus Astragalus Fig. 65. Deinotherium bavaricum in the Vienna 
Calcaneus Museum. Model by Othenio Abel (1932), about one- 

Naviculare fiftieth natural size. 
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[2] Dimensionen: Distanz vom Unterende des linken Unterkiefers (Angulus) bis zum 

Vorderrande der Stosszahnalveole: 66 cm. [=2 ft. 2 in. approx.] 

Lange des linken Humerus: 75 cm. [=2 ft. 5% in. approx.] 

Linge des linken Femur: ca. 100 em. [=3 ft. 314 in. approx.] idl 

[3] Was die Rekonstruktion des Skelettes anbetrifft, so scheint mir vor allem ein Fehler darin zu liegen, dass die Richtung 

der Neurapophysenachsen ficherférmig divergiert, was unmoglich ist. Ferner steht das Sacrum viel zu hoch tiber der Stand- 

flache. Es muss tiefer herabgesenkt werden. Die Stellung ware etwa so wie auf meiner Rekonstruktion des Dinotherium 

giganteum, von der ich Ihnen eine Photographie beischliesse (vgl. ‘ Lebensbilder aus der Tierwelt der Vorzeit,’ Fig. 82, pag. 91). 

Sodann steht die linke Scapula ganz unrichtig, weil zu weit nach einwarts gedreht und ausserdem ist die Hohenlage zum 

Thorax unrichtig angenommen, wie aus dem Vergleiche mit dem rezenten Elefanten hervorgeht. Wenn Sie meine Pause der 

Photographie mit dem Skelette eines Elefanten in den ‘Recherches sur les Ossemens fossiles,’ TPS Tek, a. pag. 204, Zur 

Deckung zu bringen versuchen, mit dem die Photographie des Dinotherium bavaricum in der Grésse gut tbereinstimmt, so 

werden Sie sehen, dass sich Dinotherium bavaricum in tiberraschender weise als in den allgemeinen Proportionen durchaus wie 

ein rezenter Elefant verhilt und sich von Bunolophodon ete. unterscheidet. Darum habe ich auch in meiner Rekonstruktion 

des D. giganteum, das sich von D. bavaricum nur unwesentlich, abgesehen von der Grésse und einigen anderen unbedeutenderen 

Merkmalen unterscheidet, den lebenden Elefanten zum Vorbilde genommen. 

[4. Hapits] Ich halte Dinotherium fiir einen Laubfresser, der seine Stosszihne zur Nahrungsaufnahme nur insoweit 

verwendete, als er mit ihrer Hilfe Baumiiste abbrach, wie ich dies in meiner Rekonstruktion andeutete. Ausserdem hat Dino- 

therium seine Stossziihne wohl auch als Waffen verwendet, hat aber damit kaum den Boden erreichen kénnen, ebensowenig wie 

ein Elefant in der Standstellung dies zu tun vermag (ich denke an den indischen Elefanten). Dinotherium ist selbst verstindlich 

etwas ganz anderes als Mastodon oder Bunolophodon hinsichtlich seines Korperbaues. Unter den fossilen Proboscidien der 

Tertiirzeit kommt es meines Erachtens dem Elefanten der Gegenwart am néchsten. 

Fig. 66 Fig. 67 

Fig. 66. Restoration of the head of Deinotherium modified from Gregory and Osborn (Osborn, 

1910.346, p. 247). It will be observed that the proboscis is drawn much shorter than that in the 

restoration of Abel (Fig. 67); this short proboscis is probably erroneous. 

Fig. 67. Restoration of Deinotherium, after Othenio Abel, “‘Lebensbilder aus der Tierwelt der 

Vorzeit,”’ 1922, p. 91, fig. 82, showing the animal with a hairy coating. It willbe observed that the pro- 
boscis is drawn much longer than in the Osborn-Gregory restoration (Fig. 66); this is probably correct. 

1921-1924. RECONSTRUCTION OF SKULL OF DEINOTHERIUM GIGANTEUM 

British Museum. W. D. Marruew, SepTemBer, 1920.—The skull of Deinotherium restored and figured by 

Kaup is complete and very little crushed. The occiput pitches forward almost horizontally, with a great nuchal 

pit. The upper tusks are certainly absent. The breadth and the overhang of the nasal region are mostly natural. 

AnpreEws, 1921.—The original skull purchased from Kaup by the British Museum was carefully described by 
Charles W. Andrews in the year 1921 (p. 532) as follows: 

The skull of Dinotherium is, in many respects, one of the most remarkable known. Although fundamentally its 
characters are clearly Proboscidean, nevertheless it differs widely from the skulls of the other members of the group and, 
indeed, in some respects from that of any other mammal. In the true Elephants and Mastodons the peculiar form of the skull 
is mainly due to the enormous development of cellular bone in the occipital region, increasing the area available for the 
attachment of the muscles necessary for the support of the heavy trunk and tusks. 
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In Dinotherium, although the upper tusks are wanting, the trunk, judging from the large size of the nasal opening, must have 

been enormous, and the weight of the head was further increased by the great deflected mandibular symphysis with its large 

tusks. In this case, however, the area for the attachment of the supporting muscles was supplied by the widening out of the 

occipital surface, which was further increased laterally by the extension outwards of the squamosals. Little or no cellular bone 

seems to have been developed, the occipital surface above the post-tympanic flanges being nearly flat except for the depression 

for the nuchal ligament. ‘This flattening of the occiput, combined with its forward inclination, must have made it possible 

for the animal to move its head up and down through a large are, a movement perhaps connected with the use of the downwardly 

directed lower tusks. The great width of the proboscis, probably rendered possible by the absence of upper tusks, led to the 

widening out of the skull in the orbital region, producing the shelf-like projection of the maxille# above noticed. The great width 

of the glenoid surface for the mandible is a peculiarity for which it is difficult to account, unless it is correlated with the general 

widening of this region of the skull. 

The skeleton of Dinotherium is still very imperfectly known, but such bones as have been described show that the animal 

must have been quite Elephantine in structure and appearance except as to its head, the legs being pillar-like and the neck 

short. A femur probably associated with the skull above described measured 150 cm. in length. The numerous speculations 

as to the appearance and habits of Dinotherium have been summarized by de Blainville and Stefanescu in their works referred 

to above. Most writers seem to suppose that the animal was chiefly fluviatile and aquatic in its habits, but there appears to 

be no good reason for believing that it was more so than the Elephants. 

InprA. Patmer, 1924.—In the Memoirs of the Geological Survey of India there appears an account by 

R. W. Palmer of an incomplete skull of Deinotherium which was published after his death in October, 1922, and 

the paper of 1921 by Charles W. Andrews, cited above, and that of 1922 by C. Forster Cooper, cited below, were 

therefore not consulted (see Palmer, Nature, Oct. 25, 1924, p. 624): 

The specimen described is an incomplete fragment of a skull showing the basal surface from the condyles to the pterygoid 

region. The anatomical features shown do not differ markedly from those described by the late Dr. Andrews for the celebrated 

skull of Dinotherium giganteum in the British Museum, but the new specimen being in better condition, certain points are 

more clearly established. With regard to the question of the validity of the Indian species D. indicum and D. pentapotamiz, 

the author concludes that they cannot be upheld and that they are both to be referred to the European form D. giganteum. 

This agrees with the views already published by Forster Cooper which were the outcome of astudy of material from Baluchistan. 

(Palmer, 1924.1) Found in the Lower Chinji Sandstone, Lower Pliocene (fide Pilgrim, 1913). 

1911-1919. DISCOVERY OF DEINOTHERES IN AFRICA 

Deinotherium hobleyi is the first species of the genus Deinotherium described from the continent of Africa; 

no mention is made by Fourtau (1918) of the presence of Deinotherium in the Lower Miocene of Moghara, although 

the Moghara locality (Fourtau, op. cit., p. 91) is described as certainly the richest in northern Africa in the remains 

of mastodonts, containing the types of ‘Mastodon’ | =Rhynchotherium(?)| spenceri and of ‘Mastodon’ {= Trilophodon| 

angustidens var. libyca, as described by Fourtau. In fact, Fourtau remarks (op. cit., p. 91): 

Mais il est un fait assez bizarre A constater, c’est l’absence totale de restes de Dinotherium, le compagnon habituel des 

mastodontes miocénes. I] semblerait done que ces animaux ne sont pas d'origine africaine, et que les restes signalés dans 

lOuganda et en Ethiopie [Footnote: ‘E. Haug.—Traité de Géologie, tome II (2), p. 1727.’], 4 des horizons bien supérieurs, 

proviendraient d’une migration postérieure 4 l’apparition des Dinotherium en Asie et en Europe. 

Sir Harry Johnston independently supports the African origin of the Deinotheres and in 1925 writes to Osborn 

as follows: 

Jounston (Lerrer, Marcu 16, 1925).—You assign to the Dinotheria a ‘European and Asiatic’ habitat, but unless I 

have been grossly misled I rather fancy that the discoveries of Hobley, Fraas and one or two other Germans investigating 

Upper Egypt have shown the Dinothere group of Proboscideans to have originated in Egypt or Equatorial East Africa. 
Hobley discovered remains of pygmy Dinotheria in the Miocene formations lying east of the Victoria Nyanza—some such 

year as 1908. When I was in Germany just prior to the War I was shown specimens collected by German palzontologists 
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from Stuttgart and Munich, which, though fragmentary, certainly seemed to point to a primitive Dinotherium. These, 

I understood, were discovered in Upper Egypt [i. e., Tébessa]. T hey or I may have been wrong, however, and it is possible that 

Hobley’s East African Proboscideans may not have been Dinotheres. But think theirstatements are worth your investigation. 

AnpREws, 1911.—Seven years previous to Fourtau’s paper and twenty-eight years after the publication of 

Weinsheimer’s history, Charles W. Andrews recorded (1911.1, p. 35, Abstract, Proc. Zool. Soc. London) the dis- 

covery near Karungu, British East Africa, of a species which he named Dinotherium hobleyi, after C. W. Hobley, 

Commissioner of Mines in British East Africa. 

(Andrews, op. cit., p. 35): The specimens described were sent to the British Museum by Mr. C. W. Hobley, Commissioner of 

Mines for British East Africa. They included portions of the mandible with teeth, acaleaneum, and a patella of asmallspecies 

of Dinotherium nearly allied to D. cuvieri, from the Lower and perhaps Middle Miocene beds of France. The new species, 

which he [Andrews] proposed to call Dinotherium hobleyi, differed from D. cuviert in several particulars—e. g., the inner anterior 

column of pm 3 was more distinctly developed, and the talon of M; had a distinct tubercle on its inner side. 

2 

Amer. Mus, 27005 
DEINOTHERIUM HOPWOODI. Type. 

Fig. 68a. Type third superior and inferior molars (casts Amer. Mus. 27006, 
27005) of Deinotherium hopwoodi sp. noy.,from Olduvai, near the southeast shore 

: gy. { ; of Lake Victoria, regarded as of Middle Pleistocene age. One-half natural size. 
ae ig. 68. ete type figure of Dinotherium hobleyi Andrews, 1911.2, Collected by Mr. Arthur T. Hopwood of the British Museum. Observe especially 
Sasa gs. 1, la, one-third natural size. From near Karungu, British the subdivision of the summits of the crests into 14 to 16 conelets. Originals (Brit. 

rica. Mus. M. 14118, M. 14119 respectively). See page 117 below for description. 

The same author published (1911.2, p. 943) a full description of Deinotherium hobleyt, from which the following 
has been extracted: 

. .. from the neighbourhood of Karungu on the east side of Lake Victoria Nyanza. Most of the specimens are indetermin- 
able fragments, probably picked up on the surface, but in addition to these there are some beautifully preserved teeth with a 
portion of the mandible (Pl. xivmu, figs. 1, 1a) of a small species of Dinotherium: a small imperfect Proboscidean caleaneum 
(fig. 5), a patella, and some other fragments probably belong to the same animal. tt OSes size and, on the whole, in the pattern 
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of the teeth this Dinotherium is very similar to D. cuvieri Kaup, which is from the lower and middle Miocene of France, being 

apparently especially characteristic of the Burdigalien horizon. Detailed comparison however shows some differences. . . . 

These differences, coupled with the remoteness of the localities in which the two forms are found, seem to justify the establish- 
ment of a new species for this East African animal and I propose that it shall be called Dinotherium hobleyi Andrews. 

BriveEs, 1919.—A. Brives notes in 1919 (p. 90) the discovery of a single tooth of Deinotherium in the sands 

of Djebel Kouif near Tébessa, which he refers to the Lower Miocene Deinotherium cuvieri and describes as follows: 

Le Djebel Kouif est un vaste plateau de 16 4 18 kilométres de tour d’une altitude moyenne de 1150 4 1200 ™, qui est situé 

prés de la frontiére tunisienne 4 27 kilométres au Nord-Est de Tébessa. . . . C’est dans ces sables qu’a été trouvée une belle 
dent de Dinotherium en parfait état de conservation. C’est la premiére fois que cet animal monstrueux est signalé dans |’ Afrique 

du Nord et ce fait a une importance capitale, car il permet de fixer d’une maniére précise l’Age des sables qui le renferme. . . . 

Les seuls débris organiques trouvés dans les assises consistaient en fragments de troncs d’arbres silicifiés dépourvus d’écorce et de 
racines. . . . Au col de Beccaria, Ph. Thomas a recueilli et cité: Araucariorylon xgyptiacum Krauss, Bambusites Thomasi 

Fliche, Palmoxylon Cossoni Fliche, Ficorylon cretaceum Schenk, Acaciorylon antiquum Schenk, Jordanta tunetana Fliche, Nicolia 

zxgyptiaca (?) Unger. . . . La présence du Dinotherium ne laisse plus aucun doute sur l’Age miocéne de ces dépdts; il reste A 

préciser maintenant si ces assises sont du Tortonien ou du Pontien. . . . La dent que je présente est identique comme dimen- 

sions 4 un exemplaire de Dinoth. Cuvieri des faluns de Maine et Loire . . . La dent du Kouif est une 2° molaire supérieure; 
elle est presque carrée (5 centimétres 4 au collet), les crétes sont légérement usées, les racines manquent. 

Leakey, 1932-1934.—To the north of Olduvai, about 300 km., is Karungu, the type locality of Deinotherium 

hobleyt (Fig. 56, 22), on the east shore of Lake Victoria. About 30 km. distant from this was found by Dr. L. S. B. 

Leakey, on the islands in the Kavirondo Gulf, a tooth of a Deinothere probably referable to the Pleistocene species 

D, hopwoodi, associated with remains of Homo kanamensis of Kanam, East Africa (see footnote, p. 85, of present 

Memoir). 

1922. REVISION OF THE DEINOTHERES OF INDIA 

ForstER Cooper, 1922.—In the Proceedings of the Zoological Society for the year 1922, C. Forster Cooper 

published the following observations on the Deinotheres discovered in the Lower Miocene Bugti beds of Baluchis- 

tan, also in higher geologic levels. 

Middle Pliocene, Perim Island, is the type geologic level of Falconer’s Dinotherium indicum, 1845; its specific 

characters lie in the shape of the jaw, there being no difference from D. giganteum in the teeth excepting a greater 

thickness of the enamel. Falconer (1868, p. 415) apparently refers to the same species as D. Perimense, a name 

nowhere defined. 

Upper Pliocene, Attock. Falconer mentioned (MS. labels) a smaller variety from Attock but did not 

definitely name it; this smaller variety was subsequently named Dinotherium pentapotamiz by Lydekker in 1876, 

but in 1886 he united this species as a synonym with D. indicum, regarding the differences as individual variations. 

Middle Miocene, Salt Range, Sind, India, is the type geologic horizon of Dinotherium sindiense Lydekker, 

1880; regarded by Lydekker (1880, p. 196) as distinct from D. pentapotamix; the type (Lydekker, op. cit., Pl. 

XXXI, fig. 4) regarded by Forster Cooper as too fragmentary to afford adequate evidence of the specific distinctions. 

Lower Miocene, Bugti beds, Bugti Hills, Baluchistan, is the type geologic level of Dinotherium ndricum 

Pilgrim, 1908. (Pilgrim, 1908, p. 157): “It differs very markedly from the other known species.” Subsequently, 

however (1912, p. 16), Pilgrim withdrew the name D. ndricum and substituted the name D. pentapotamiz 

[indicum] var. gajense. 

Forster Cooper (1922, p. 621, 622) considers that the characters assigned by Falconer and Pilgrim, and the 

published figures, lie within the limits of variation of D. giganteum of Darmstadt, e. g., Brit. Mus. collection No. 

M.3494. In this Cooper agrees with Weinsheimer (see p. 94 of the present Memoir). 



106 OSBORN: THE PROBOSCIDEA 

Buett Beps (Forster Coorrr, 1922, pp. 622-624).—The material of the present collection from the Bugti beds is, as 

is the common experience, both scanty and fragmentary, and consists only of part of a lower jaw and some separate upper and 

lower teeth. The lower jaw (text-figs. 8 & 9) belongs to a small form, and in size and structure compares closely with D. hobleyi 
[Footnote: ‘Andrews, P. Z.S.1911.’]. The third ridge of the last molar is not parallel to the front ones, but slopes at an angle 

similar to that found in D. hobleyi and D. levius. Of the separate teeth, none shows any great difference from specimens of 

European forms with which it has been compared. An upper molar, probably a second, is here figured (text-fig. 10). There is 

nothing in it which can be construed as a ‘longitudinal ridge,’ nor is there anything in the nature of a ‘cusp blocking the valley’ 

which has not been found within the range of variation of European specimens. A third upper premolar (PI. rv, fig. 6) is also 

figured to show the separation of the inner cusps said to be characteristic of the Indian forms, but which, as has just been 

stated above, occurs also in D. giganteum. The remaining teeth in the collection are not distinguishable from the smaller forms 

from Europe, and call for no comment except for three specimens. 

Comparative measurements (pp. 625 and 626) of the lower and upper grinding teeth of Deznotherium sp. and 

of Trilophodon angustidens from the Bugti beds of Baluchistan, from Chevilly (Lower Miocene), and from 

Sansan and Simorre (Middle Miocene) of France are given, and the following conclusions are reached. 

Summary.—The Proboscidea of the Bugti beds of Baluchistan include Trilophodon angustidens | =cooperi 

Osb.] and a small Deinotherium. The Indian 7. angustidens is a small animal, more primitive than the Middle 

Miocene forms of Sansan, for which the name 7’. angustidens paleindicus may be retained. 

The Deinotherium resembles the smaller European Deinotheres, 

also the D. hobleyi of Africa. It is doubtful in our present state of 

knowledge whether the Indian Deinotheres are separable from the 

European. 

DEINOTHERIUM GIGANTISSIMUM 3900mmM.,12’0%”e 
HUNGARY 

DEINOTHERIUM GIGANTEUM 3000MM.,9/10%e 
GERMANY ; 

Lo¢P 
SS 

So \. All 1/12 nat. size 
aN DEINOTHERIUM BAVARICUM 2500MM.,8’2%” 

S. GERMANY 

5 Procressive INcREASE IN Size of MANDIBLE or DeINoTHERIUM Fig. 70. Restorations (1932) by Margret Fig. 69. Outline to same scale, namely, one-twelfth natural size, of: Flinsch under the direstion of H a Fairf Id ee Adult lower jaw of Deinotherium gigantissimum as partly restored by Stefiinescu, Oca One-hundredth natural a Y : after Stefainese 399. T's 
: 

e Adult lower ase Dane gigantewm, after Kaup, 18: ly i was Fae hace ee ee : : aM se aup, 1835.1, Add Tab. 1, fig. 5. Deinotherium bavaricum and the incomplete A, Juvenile lower jaw of Deinotherium cwieri ref., after Lartet, 1859, Pl. xi, fig, 4. skeleton of D. gigantissimum 
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1908-1925. SPECIFIC REVISION OF THE DEINOTHERES OF EUROPE 

Mayet, 1908, pp. 199—-206.—This valuable specific revision is the first to treat the ‘mutations’ and species of 

Deinotherium in ascending geologic order, beginning with the Lower Miocene Deinotheriwm cuvieri of the Sables de 

VOrléanais and continuing with the Middle Miocene ‘D. bavaricum,’ with the Upper Miocene D. levius, and with 

the Lower Pliocene D. giganteum, as follows: 

D. cuviert 
Burdigalien-Helvétien 

Dinotherium de taille relative- 
ment petite, atteignant 4 
peine la moitié de celle du 
D. giganteum. 

Superior Dentition 
(1) Coneavity of crests fac- 

ing posteriorly, M!' three 
crested, M?, M* two crested, 
crowns, with the exception of 
M', less broad than long. M!, 
crests gently concave, trito- 
loph diminishing in breadth, 
total length 72 mm. M?, 
transverse crests incompletely 
reunited internally, tritoloph 
narrower than  protoloph, 
length 60 mm. M$, length 
62 mm. 

Inferior Dentition 

(2) Concavity of crests 
turned forward, molars longer 
than broad. Ps, protolophid 
thick and divided into two 
points, length 43 mm. P,, 
length 48 mm. Mj, atrophy 
and narrowing of tritolophid, 
length 60 mm. Mbp, thickening 
of cingulum representing the 
talon, length 59 mm. Ms, 
talon thick, narrow, triangular, 
detached from the crown, re- 
flected backward, length 71 
mm. 

(3) Tusks somewhat short 
and obtuse. 

D. bavaricum 
(Burdigalien?) Helvétien 

Taille  sensiblement plus 
grande que celle du D. 
Cuvieri, mais moindre que 
celle du D. levius et surtout 
du D. giganteum. 

Superior Dentition 

(1) Same characters as in 
D. cuviert. M', same char- 
acters as in D. cuvieri. M?’, 
same characters as in D. 
cuviert, excepting length 72 
mm., breadth of protoloph 69 
mm., of metaloph 66 mm. 

Inferior Dentition 

(2) Same observations as in 
D. cwiert. Ps, protolophid 
thick and bifid. My, trito- 
lophid narrower than the 
anterior crests, length 73 mm. 
M2, talon greatly reduced, 
length 63 mm. Ms, talon 
triangular, contracted as in 
D. levius, well detached from 
the crown, and thrown back- 
ward, length 72 mm. 

D. levius 
Helvétien 

Taille un peu moindre que 
celle du D. giganteum. 

Superior Dentition 

(1) Same observations as in 
D. cuviert. P*, narrow in- 
ternally and somewhat. tri- 
angular, length 66 mm. P%, 
length 70 mm. M?', marked 
abbreviation in breadth of 
tritoloph, other characters 
more pronounced, length 84 
mm. M?, metaloph narrower 
than protoloph, length 73 mm. 
M?, two lobes more unequal 
than those of M?’, metaloph 
smaller, length 77 mm. 

Inferior Dentition 

(2) Same observations as in 
D. cwviert. Ps, anterior lobe 
compressed into a single tri- 
angular point, etc., small pos- 
terior talon, length 55 mm. 
Ps, proto- and metalophid 
gently concave anteriorly and 
somewhat united on outer side. 
Pre- and postcingula little de- 
veloped, length 70 mm. My, 
reduction of tritolophid in 
breadth, length 78 mm. Mb, 
postcingulum smaller, more 
detached than in Me of D. 
giganteum, length 73 mm. 
Ms, posteingulum narrow, tri- 
angular, detached, length 80 
mm. 

(3) Tusks shorter, thicker, 
less sharp than in D. gigan- 
teum. 

(4) Mental foramen placed 
more anteriorly below Ps. 

D. giganteum 
Helvétien-Pontien 

Trés grande taille. Dimen- 
sions des dents fort 
variables. 

Superior Dentition 

(1) Same observations as in 
D. cuvieri. P*, of subquadrate 
form, length 80 mm. P‘, 
length 78 mm. M!, three 
transverse crests, i. e., proto-, 
meta-, and tritoloph, gently 
concave posteriorly, tritoloph, 
less strong and less broad, 
length 95 mm. M?, two trans- 
verse crests, i. e., proto- and 
metaloph, and crenulated cin- 
gulum, length 91 mm. M*, 
proto- and metaloph approxi- 
mately equal, length 91 mm. 

Inferior Dentition 

(2) Same observations as in 
D. cuviert. Ps, anterior lobe 
simple, narrow, single pointed, 
length 63 mm. P4, two trans- 
verse crests, 1. e., proto- and 
metalophid, length 70 mm. 
M,, three transverse crests, 
subequal, tritolophid slightly 
more narrow than metalophid, 
length 104 mm. Mb, two 
transverse crests, length 83 
mm. Ms, talon nearly as 
broad as metalophid, crenu- 
lated, closely applied to base of 
metalophid, length 95 mm. 

(3) Inferior tusks long, point- 
ed at extremity. 

(4) Mental foramen at level 
of Ps or at interval between 
P3 and Pa 



Lartet’s CoMposiITE FIGURE OF THE DECIDUOUS AND PERMANENT DENTITION OF DEINOTHERIUM 

Fig. 71. Proportions of Deinotherium giganteum, after Lartet, 1859, Pl. x11, figs. 1-4, reduced to one-third natural size. Lartet remarks (op. cit., pp. 

506, 507): ‘Les piéces en nature qui ont servi de modéle au dessinateur pour recomposer, dans les figures 1 et 2 de cette planche, les séries théoriques de pre- 

miére et de seconde dentition, sont de provenances diverses et probablement aussi d’espéces distinctes; mais on s’est attaché 4 ramener uniformément toutes 

ces dents aux proportions du Dinotherium gigantewm, avec réduction 4 demi-grandeur de nature.’’ Compare Palmer, 1924, Pl. 111, Deinotherium sp. (?). 

Fig. 1, a, b, c, Superior milk premolars, Dp”, Dp®, Dp’ (upper row). 

a’, b’, e’, Inferior milk premolars, Dp2, Dps, Dps (lower row). 

Fig. 2, A-E. Permanent dentition, A=P*, B=P*, C=M!, D=M?, E=M? (upper row). 

A’-E’, Permanent dentition, A’ = P3, B’ = Ps, C’=My, D’ = Mp, E’ = Ms (lower row). 
Fig. 3, Fragment of jaw, c= Dp, being replaced by B= P4; C = My [H.F.O.]. 

Fig. 4, Juvenile jaw showing below A and B=P3 and Py, D= Mbp, above a-c = Dp2, Dps, Dps, C = My. 

MarTERIALS 

The above synthetic illustration contains materials from Lower Miocene to Lower Pliocene horizons, as follows: 

Fig. 1, a, b, = Deinotheriwm cwvieri, Lower Miocene of Pontlevoy (Loir-et-Cher). 

c, Middle Miocene of the sub-Pyrénées. 

a’, Upper Miocene of Simorre (Gers). 

b’, Miocene of Gers. 

ce’, = Deinotherium bavaricum (?) ref., Upper Miocene. 

g. 2, A=Deinotherium cuvieri (?), Miocene of Gers. 

E, M®, = Deinotherium giganteum, Lower Pliocene of Eppelsheim. 
Fig. 3, Fragment of jaw from Ile-en-Dodon (Haute-Garonne), Middle Miocene. 
Fig. 4. Jaw, Ile-en-Dodon (Haute-Garonne), Middle Miocene. 
For further details, see Lartet’s minute description of Plate x1, 1859, pp. 506-510. 

Ki 
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1908. SyNoNyMy AND CITATIONS (FIDE Mayet, 1908) 

LOWER MIOCENE MIDDLE TO UPPER MIOCENE UPPER MIOCENE TO LOWER PLIOCENE 
Dinotherium Cuvieri Kaup, Deinotherium bavaricum von Meyer, Deinotherium giganteum Kaup, 

1831 [1832] 1831 1829 

1812 Tapir gigantesque Cuvier 1831 Dinotherium medium et secon- 1861 Déinotherium levius Jourdan 
darium Kaup 

1825 Tapir gigantesque Cuvier 1832 Dinothertum bavaricum von Meyer 
1831 [1832] Dinotherium Cuvieri Kaup 1850 ee intermedium de Blain- 

ville 
1850 Dinotherium Cuvieri de Blainville 1859 Dinotherium bavaricum Lartet 

1858 [1859] Dinother‘um Cuviert Lartet 1875 Dinothertum bavaricum Bachmann 

DEINOTHERIUM CUVIERI (OBSERVATIONS OF Mayet, 1908, pp. 199-206).—Remains very abundant in the 

Lower Miocene Orléanais, especially at Chevilly, chiefly isolated bones and teeth, type mandible from Chevilly. 

Entire dentary series represented by remains from Chevilly, Bricy, Boulay, ete., species clearly distinct from the 

Middle Miocene D. bavaricum, the Lower Pliocene D. giganteum, or the Upper Miocene D. levius. 

Dinotherium cuvieri is the sole species found in the Sables de |’Orléanais; certain molars approach those of D. 

bavaricum, a form of much larger size. Characters of D. cuviert notably different from those of D. giganteum or D. 

levius, the latter type coming from the Upper Miocene of Grive-St.-Alban, Rhone basin. Thus D. cwvieri appears 

suddenly at the beginning of the formation of the Sables de |’Orléanais, survives into the Faluns du Blésois, and 

then disappears, to be succeeded by D. bavaricum, an ascending mutation of larger size. 

DEINOTHERIUM BAVARICUM (OBSERVATIONS BY MAyYET, 1908, pp. 205, 206).—Von Meyer’s type of Deino- 

therium bavaricum from Gmiind, Bavaria, is a Deinothere of medium size closely intermediate between the Lower 

Miocene D. cuwviert and the Lower Pliocene D. giganteum. The dental characters of D. bavaricum resemble those 

of D. cuviert more closely than those of D. giganteum. From the Sables de |’Orléanais, Chevilly, one molar only 

is mentioned [?] as representing D. bavaricum. Although D. bavaricum of the Upper Miocene approaches in 

size D. levius of the Lower Pliocene [Upper Miocene] the dental characters of D. levius show much stronger 

affinity to those of D. giganteum. Consequently the larger teeth of the Sables de l’Orléanais probably belong to 

large examples of D. cuviert. 

ASCENDING INCREASE IN S1zE [INCLUDING D. GIGANTISSIMUM AND D. InpIcUM] 

Anteroposterior Measurements Be PY OM ME MP Pe PM Meee es 
Deinotherium gigantissimum 111 348-357e 

¢ indicum 100 99 
wi giganteum 80 78 95 91 91 63 70 = 104 83 95 282 

H levius 66 70 84 73 77 55 70 78 73 80 231 
¢ bavaricum 72 73 63 72 208 

. cuviert 72 60 62 43 48 60 59 71 190 

Osborn, 1925: From the above observations of Mayet it becomes perfectly clear that Deinotherium, like all 

other large herbivorous quadrupeds, passed through a series of ascending mutations, witnessed (a) in every single 

character of the superior and inferior grinding teeth, also (6) in the steady increase in size. The net anteroposterior 

diameter of the three lower grinding teeth, obtained by adding the length in millimeters, and including a 

comparison with D. giganteum, is as above. 



3. RESUME OF THE CHIEF GENERIC AND SPECIFIC CHARACTERS 

1. ProGresstvE DouBLING IN Sizy.—In the above table the measurements given by Mayet of Deinotherium 

cuvieri, D. bavaricum, D. levius, and D. giganteum are amplified by the Falconer (1868, p. 407) and Lydekker 

(1880, p. 189) measurements of D. indicum and by the Stefanescu (1896 [1899], Tab. 1, 111) measurements of D. 

gigantissimum; they demonstrate a progressive increase in size, from the Lower Miocene stage (D. cuviert) to the 

Pliocene stage (D. gigantissimum). 

The second inferior molar, Mz, of D. gigantissimum (=111 mm.) is about 95% longer than the second inferior 

molar of D. cuvieri (=59 mm.). The inferior molar series, M,3, of D. gigantissimum (=348-357e mm.) is also 

about 95% greater than the inferior molar series of D. cuviert (=190 mm.). 

Consequently, corresponding to the doubling in size of the dental series, we may roughly estimate that the 

Mid-Pliocene D. gigantissimum was an animal about double the size of the Lower Miocene D. cwviert. 

These proportions shown in the lower jaws of Deinotheriwm cuvieri, D. giganteum, and D. gigantissimum 

(Fig. 69) are also expressed in the diagrammatic restorations (Fig. 72) in which D. gigantissimum is represented 

as nearly double the size of D. bavaricum, with D. giganteum as intermediate in its skeletal proportions. 

CM FEET 

Pwr GAN @ © 

D GIGANTEUM GIGANTIS 

THREE Speciric StaGEs iN DEINOTHERIUM 

D. BAVARICU SIMUM 

Fig. 72. Proportionate restorations of the year 1930, in profile, of Middle to Upper Miocene and Lower to Middle Pliocene specific stages of Deinotherium, 
with an estimated shoulder height of: 

Deinotherium bavaricum 8 ft. 24 in. 
Deinotherium giganteum OSG 

Deinotherium gigantissimum 12 

2. GroLocic Succession or Species.—The Eurasiatic distribution of the Deinotheres, as carefully 

worked out for the first time in the accompanying correlation table, displays the ascending geologic succession of the 

species in western and eastern Europe, in southern Asia, and in Africa. When we compare the small Deinotherium 

indicum gajense from the Lower Miocene of India with the D. pentapotamix {[=D. indicum] of the Upper 

Miocene of India, we observe that there is a closely corresponding progressive increase in size of the 

Deinotheres in all parts of Eurasia where they have been discovered. The approximate geologic parallel between 

the Deinotheres of western Europe and those of corresponding horizons in India is displayed in Table I (Geologic 
Correlation) and Table II (Specific Distribution) of the present chapter. 

3. SpEctric CHARACTERS IN Successton.—As explained in the introductory paragraph of this chapter, 
“It is not possible for the author to treat the Deinotheres in the same critical or exhaustive manner as the species 
of proboscideans belonging to other families are treated in the present Memoir; nor is it possible to give the type 
descriptions or reproductions of the type figures as in other chapters.” The reader is referred to the original type 
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descriptions and figures wherever published, as indicated in the ‘‘Order of Discovery and Description of Twenty- 

six Species of Deinotherium described or named, 1715-1935” (p. 84 above) and in the corresponding bibliographic 

references below to the works of Kaup, von Meyer, Eichwald, Koch, de Blainville, Falconer, Jourdan, Lydekker, 

Stefinescu, Pilgrim, Andrews, and Ehik, the only paleontologists to our knowledge who have described type species 

and specimens of Deinothertum. See also Haug, Joleaud, and Leakey in Bibliography. 

4. Dentition RELATIVELY NON-PROGRESSIVE.—As compared with other proboscideans both mastodontoid 

and elephantoid the dentition of the Deinotheres is relatively non-progressive; the fundamental pattern of the 

grinding teeth was established extremely early in geologic time certainly during the unknown Oligocene stages, 

because in the Lower Miocene specific stages it is fully established, especially the number of ridges and the char- 

acter of the crests of the upper and lower true molars, M1-M 3. 

Mayet (1908, pp. 199-206) in his valuable table of specific distinctions (translated in full above) pointed out 

that the chief progressive characters between Deinotheriwm cuviert, D. bavaricum, D. levius, and D. giganteum 

consist in (a) progressive increase in size, (b) detailed changes of proportion between the anterior and posterior 

crests, protoloph, metaloph, and tritoloph, (c) in the greater or lesser union of the crests externally and internally, 

(d) in the shape and size of the incisive tusks, and (e) in the relative position of the mental foramen of the jaw. 

FRANCE, GERMANY RUMANIA 

AFRICA SwItTzERLAND BAVARIA Russia INDIA 

BouEMIA 

Mip. PLiocENE D.  gigantissimum| D. indicum Type 
Type D. perimense Fale. 

D. giganteum ref. (=D. indicum) 
D. angustidens 

Ty Pieiicer yee oe 

Low. PLioceNE D. gig. majus D. giganteum Type | D. uralense Type 

D. gig. medium (=D. maximum T., D. 
D. gig. minus medium T., D. secun- 

darium T.(?), D. 
kénigit T.) 

Up. Miocene D. levius Type D. bavaricum Type D. proavum Type | D. Bate co Be 

D. intermedium Type | D. minutum Type D. bavaricum ref. Type 

Min. Miocene D. giganteum(?) ref. | D. bavaricum ref. D. sindiense Type 

D. secundarium (?) ref. 

Low. Miocene | D. cuvieri ref. | D. cuvieri Type D.ndricum Type( = 
D. hobleyi D. indicum gajense)| 

Type 

Taste I.—AppROXIMATE GEOLOGIC AND GroGRAPHIC DISTRIBUTION OF TWENTY-THREE OF THE TYPE SPECIES OF DEINOTHERES, 

AFTER THE OBSERVATIONS RECORDED IN THE PRECEDING PAGES OF THE PRESENT CHAPTER IV OF THIS Memorr. 

Compare pages 84, 85, 114, and 115. 
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These specific changes, as pointed out by Mayet, are of minor grade as compared with the profound changes 

which occur in the grinding teeth of other proboscideans by the addition of crests, by progressive hypsodonty, etc. 

The conclusion is therefore justified that Deinotherium is relatively conservative in the structure of its dentition, 

while sharing with all other proboscideans progressive increase in size. 

4. CONCLUSIONS AS TO ORIGIN, PHYLOGENY, AND ADAPTIVE RADIATION 

GEroLocic ORIGIN AND RanNGE.—Deinotherium appears simultaneously in the Lower Miocene of Africa in D. 

hobleyi type and D. cuvieri referred, which apparently are in a stage of evolution similar to that of D. cwviert type 

of the Lower Miocene Sables de l’Orléanais of France, which, in turn, are similar in size to the D. indicum gajense 

type of the Lower Miocene Bugti horizon of Baluchistan. These three specific types, which agree approximately in 

size, require very close examination and comparison before it can be determined which is the most primitive. 

The evidence seems to point to an African origin of Deinotherium, since there is no indication of ancestral 

forms of this genus in any Eocene or Oligocene horizon of Eurasia at present known. 

Mrcration.—Well defended by its tusks, well nourished by its precociously lophodont grinding teeth, well 

transported by its long limbs, Deinotheriwm spread rapidly through northern Africa, southern France, and far 

eastward into the peninsula of Baluchistan and India. Its traveling companions were the Trilophodon angustidens 

libycus of the Moghara desert, northern Africa, the T'rilophodon angustidens of the Loire, Sables de |’Orléanais, and 

the Trilophodon coopert Osb. of Dera Bugti, Baluchistan. 

While ranging in the same geographic region, Deinotherium was very divergent in habit and local habitat from 

Trilophodon, as indicated by the following adaptive and generic contrasts: 

Deinotherium 

Cranium and jaws abbreviate. Proportions 

brachycephalic. A very elongate proboscis capable 

of reaching higher branches of trees also the ground. 

Superior tusks early aborted. Inferior tusks 

rounded, downcurved, recurved, aiding the probos- 

cis in the prehension of branches and leafage. 
Grinding teeth sharply crested; Dp4 and M1 

trilophodont, P4, M2, and M3 bilophodont; total 

number of complete transverse crests not exceed- 

ing seven; all grinders in use at same time; per- 

sistently brachyodont, never hypsodont; prob- 

ably resembling Tapirus in browsing habit on leaf- 

age. Superior grinders tending to form ectolophs, 

like those of primitive tapirs. 

Limbs elongate, increasingly elephantoid, raising 

body well off the ground. Feet reduced to three 

short functional digits in manus and pes. Dorso- 

lumbar vertebr and trunk abbreviate. 

Trilophodon 
Cranium elongate; lower jaws excessively 

elongate. Limited development of the proboscis, 

probably a prehensile upper lip, compensated for by 

great elongation of the lower jaw. 

Superior tusks persistently progressive in size, 

downcurved, aiding the prehensile upper lip in the 

prehension of food. Inferior tusks horizontal, spatu- 

late, aiding the proboscis in the prehension of food, 

also employed in the digging and uprooting of plants. 

Grinders persistently bunomastodont in pattern; 

transverse crests increasing to four or five, adapted 

to the crushing of food, tending to hypsodonty; 

finally only the posterior grinders, M3-Ms, in use in 
advanced age. Browsing and partly grazing habit 

on low leafage and uprooted plants. 

Limbs mastodontoid. Feet tetradactyl to pen- 

tadactyl; digits abbreviate. Trunk elongate; low 

bodied; pelvis broad; mastodontoid in proportions. 

The above contrasts of structure and habit prove that from the very first the Deinotherioidea were sharply 
divergent from the Mastodontoidea. While the geographic range is very similar, as far at least as southern Asia, 
Deinotherium has been found only once in the north (D. uralense), whereas Trilophodon was a bold northern 
migrant reaching the 40th parallel of the United States in Middle Miocene time. 
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Consistent with their divergence of structure is the fact that, while fossil remains of Deinotherium are some- 

times found in the same horizon with fossil remains of Trilophodon, more frequently they are found separate. 

ProBABLE Hapits AND Hasirat.—There is little in the limb, foot, trunk, or skeletal structure of Deino- 

therium, now that it is quite fully known from the wonderful Franzensbad specimen (Fig. 64), to support the 

original theory that this was a fluviatile or water-loving animal which frequented streams and used its lower tusks 

for the prehension of food from the banks. Yet during warm seasons it doubtless bathed (Fig. 73) in shallow 

waters, like the modern Indian elephant. 

Rather we incline to conclude that it was a forest-living animal, subsisting upon leafage and tree boughs, to 

which its sharply crested grinding teeth were adapted like those of the tapir and of the tree-or shrub-browsing types 

of rhinoceroses. The very powerful trunk, indicated in the Eppelsheim cranium (Figs. 57, 58, 59), was eminently 

adapted to the collecting of tree boughs and leafage, as in the case of the existing African and Indian elephants; 

the open supranarial space is enormous. The absence of large superior tusks, which are seen in all the Mastodonti- 

de and Elephantide, explains the relatively flattened form of the top of the cranium and the forwardly inclined 

occiput, in wide contrast to the elevated, hypsicephalic and brachycephalic cranium, with vertically placed occiput, 

for the attachment of large neck muscles to counteract the strain of the greatly elongated tusks. 

Consequently Deinotherium was neither mastodontoid nor elephantoid in profile but relatively flattened and 

depressed. The profile aspect of the skull shown in our restorations (Figs. 72, 73) is totally different from that of 

either Mastodon or Elephas, while the proboscis was quite as large as that of these animals, and the body height 

and length of limb approximated that of the largest Proboscidea, as also shown in the restoration (Fig. 70) in 

comparison with other proboscideans drawn to the same one-hundredth scale. 

5. GEOLOGIC DISTRIBUTION OF DEINOTHERIUM. CAUSES OF EXTINCTION 

Species of eight mastodont genera, namely, Trilophodon, Anancus, Rhynchotherium, Zygolophodon, Turicius 

Miomastodon, Serridentinus, and Tetralophodon, were contemporaneous with Deznotherium, as shown in Table 

II below (Geologic and Geographic Distribution of the Types of the Superfamily Deinotherioidea, as compared 

with the Types of the Contemporary Mastodontoidea and Stegodontoidea’). 

The student should turn immediately to Table II below, in which the geologic and geographic distribution 

of most of the types of these deinotherioid and mastodontoid species are carefully set forth, also to the geographic 

distribution charts showing exactly where these types were found; by this means the zoologic and geographic 

environment of the Deinotheres is clearly brought out. 

It will be observed that while the Deinotheres belong chiefly in competition with animals of the Masto- 

dontoid period, they are now known to survive into the period of Elephantoid distribution. 

Aided by different local adaptive radiation, probably in the forested regions of southern Eurasia, the Deino- 

theres with their brachyodont, tapiroid grinding teeth were able to compete with the bunomastodont genera, 

Trilophodon, Tetralophodon, and Anancus. It is probable that they enjoyed an entirely different local geographic 

range from the purely zygolophodont genera, Zygolophodon and Turicius. 

It is not an unreasonable hypothesis of extinction that the brachyodont Deinotheres were unable to compete 

with the incoming Stegodonts with their very numerous transverse crests and tendency to hypsodonty. At all 

events, the climax of the series (Deinotherium gigantissimum) in southern Eurasia becomes extinct in Middle Plio- 

cene time, just prior to the appearance of numerous species of Stegodon. In Africa the Deinotheres survived. 

This hypothesis of the failure of the brachyodont, tapiroid types of Deinothere grinding teeth to compete 

with the subhypsodont and hypsodont types of the rising superfamily Elephantoidea' will afford a parallel in the 

Proboscidea of what we observe in the ungulates all over the world, because in Pliocene time hypsodont ungulates 

began to prevail over the brachyodont ungulates, as first observed in Kowalewsky’s great Memoir of 1873. 

‘See footnote 2 on page 22. 
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116 OSBORN: THE PROBOSCIDEA 

Fig. 73. 

climax in size, to which the specific name gigantissimum appropriately refers. 

RESTORATION OF DEINOTHERIUM GIGANTISSIMUM STEFANESCU OF THE MAnzavi VaLLEy, RuMANIA 

By Mareret Furnscu (1933), UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

The gigantic Deinotheres represented in this drawing are based on the dimensions of the type lower jaw and five grinding teeth 

described in the year 1899 by Gregoriti Stefinescu of the University of Bucharest, discovered in the Manzati Valley, central Rumania. 

As stated on pages 95 to 98, the skeletal material described and figured is not from the type locality; the tibia and pes are figured on 

page 97 (Fig. 62). The restoration scene is in the MAnzati Valley during the Middle Pliocene period when these animals reached their 
Warm midsummer season. 

The limb proportions of the skeleton are certainly mastodontoid rather than elephantoid; they are based on proportions of the 

Deinotherium bavaricum of Franzensbad (Fig. 63, p. 99). The three different feeding poses and attitudes represent a theoretic interpreta- 

tion of the adaptations of the lower tusks as well as of the proboscis in these remarkable animals. The tusks were used along river banks for 

uprooting function; also in combat between the males and in warding off enemies, while the proboscis was used in the conventional probo- 

scidean way in reaching for and drawing down foliage. 

APPENDIX OF CHAPTER IV 

Deinotherium hungaricum Fhik, 1930 

Figure 74 

Type: Kotyh4za (Dep. Négrid), Hungary. Lower Miocene (?), Burdi- 

galian age. Paratype: Kirdld (Dep. Borsod), Hungary. 

Prodinotherium hungaricum Bhik, 1930. ‘‘Prodinotherium 

hungaricum N.G., N.Sp.”’ with an Appendix by T. Szalai “On the 
Geological Occurrence of Prodinotherium hungaricum Bhik,”’ 

Geol. Hungarica, Ser. Palaeont., Fasc. 6, pp. 3-21. TYPE. 

Lower mandible containing |.Ps—Ms, r.Ps, Mz, Ms; also fragment 

of scapula and limb fragments (humerus, ulna, radius, carpals, and 

portions of metacarpals). Locatiry AND Horizon.— 

Kotyhiza (Dep. Nograd), Hungary. Embedded in a blue clay 

belonging to the Aquitanian (?) period. PARATYPE.— 

Molar and tusk fragments, from Kirald (Dep. Borsod), 

Hungary. Typ Ficgurn.—Op. cit., Pl. 1, figs. 1-3, Pls. 1, 

lt, and rv. ParatyPr Ficgures.—Op. cit., Pl. 1, figs. 4-7. 

Speciric Cuaracters.—(Cf. Bhik, p. 14) Third premolar. 

. “in the case of D. Cuviert and D. Hobleyi the hypoconid and 

the entoconid [of Pm;] are connected by a posterior cingulum, while 

with the specimen of Kirdld the entoconid of pm3 lies inside of the 

cingulum and is thus in no connection with it. This peculiar forma- 

tion of the pm3 distinguishes the Hungarian specimen from all 

Dinotheria hitherto described, so as from the larger species too.”’ 

Mental foramen. . “in the case of the Hungarian animal it 

{posterior mental foramen] is to be found in the vertical separating 
the pm3 from the pm4. The place of the anterior mental foramen 

is unknown with D. Hobleyi; in the case of D. Cuvieri it falls below 

the middle of pm3; in the Hungarian specimen it is situated below 

the anterior edge of the pm3. In consideration of all these cir- 

cumstances I give anew name viz: D. hungaricwm to the specimen 

found at Kotyhaza and Kirald. . . . From the systematic point 

of view the mesatipody is a much more primitive character, than 

the systematically highly progressed dolichopody. This very 

interesting and important difference in the structure of the foot 

induces me to class the D. hungaricum into a new genus, under the 
genetic name of Prodinotherium.” 

“The Prodinotherium hungaricum must be by all means one 
of the eldest Dinotheria hitherto known from an exactly determined 

geological age.”’ 

GroLocy.—(Szalai, op. cit., p. 19): “On both find places of 

Prodinotherium hungaricum Bhik, namely at Kotyh4za, in the 



THE DEINOTHERES 

neighborhood of Salgétarjan, and at Kirald not very far from the 

former locality, the bed layers of the coal-measures are generally 

formed by a tough clay. Its material is sometimes of a swelling 

kind, sometimes of a sandy one, and its colour is bluish gray if wet, 
and greenish gray when dry. Embedded vegetal remains are to 

be found rather abundantly in this clay, among which Calamus 

. and Cinnamomum ... are the most frequent, whilst the 

Vertebrate fauna is represented by Mastodon angustidens Cuv., 

. . . Aceratherium tetradactylum Lart., . . . Prodinotherium hun- 

garicum Bhik, ... Testudo Fejérvdryi n. sp... . and some 

Trionyx . . . remains.” 

Osborn, 1932: The presence of ‘Mastodon’ angustidens in- 

dicates that these coal measures are of Burdigalian (Lower Mio- 

cene) age rather than of Aquitanian (Upper Oligocene) age; in 

fact, Szalai remarks (op. cit., p. 21) “The Prodinotheriwm remains 

described by Ehik are especially important from the stratigraphical 
point of view: for they are the only Dinotherian fossils which un- 

doubtedly belong to the transition beds connecting the Upper 
Oligocene with the Lower Miocene, precisely this set of strata 

representing the Aquitanian. The biohistorical importance of 
such statement lies, moreover, in the fact that no Dinotherian 

remains are known, up to now, from strata older than those be- 

longing to the Aquitanian.”’ 

- 

Tyre oF DeINOTHERIUM HUNGARICUM 

Fig. 74. 

U, figs. 1 and 2, in oblique (upper) and right lateral (lower) aspects. 
one-eighth natural size. 

Type mandible of Prodinotherium hungaricum Bhik, 1930, Pl. 

About 
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In the opinion of the present author, the characters of the 

paratype premolar of Kirald (PI. 1, fig. 7) serve to distinguish a 

new specific rather than a new generic stage. Consequently we 

are inclined to consider Prodinotherium as a synonym of Deino- 

therium until further evidence is adduced to the contrary. 

DEINOTHERES RECENTLY DISCOVERED IN AFRICA! 

Deinotherium hopwoodi sp. nov. 

Figure 68a 

From Olduvai, near the southeast shore of Lake Victoria, Tanganyika 
Territory, Africa. Middle Pleistocene. 

The most surprising discovery of recent years is the survival 

of Deinotherium into the Middle Pleistocene of central Africa. 

The beautifully preserved type molars (Fig. 68a, p. 104) were 

regarded by Hopwood (letter, Feb. 5, 1934) as referable to the Lower 

Pliocene D. giganteum stage, from which they are quite distinct. 

For reasons given below they are made the type of Deinotherium 

hopwoodi. 

These grinders (Fig. 68a), an 1.M; (Brit. Mus. M. 14119, cast 

Amer. Mus. 27005), ap. 97 mm., tr. 87 mm., and an |.M® (Brit. 

Mus. M. 14118, cast Amer. Mus. 27006), ap. 91 mm., tr. 96 mm., 

compare in size with those of the Lower Pliocene Deinotherium 

giganteum Kaup (1.Ms;, ap. 95 mm., tr. 83 mm.; 1.M’, ap. 91 mm., 

tr. 93 mm.), while inferior to those of the Middle Pliocene D. 

gigantissimum (1.M3, ap. 114 mm., tr.?; 1.M°, ap. 114 mm., tr. 

117 mm.). 

In the same pit with the above type grinders were found 

three other molars,’ namely, third inferior premolar, |.P3, ap. 

81 mm., tr. 63 mm., index 78, fourth superior premolar, r.P‘, 

ap. 89 mm., tr. 90 mm., index 101, and finally a second su- 

perior molar, |.M?, ap. 101 mm., tr. 100 mm., index 99. 

The teeth found (Fig. 56+) in the Lower Pleistocene of 

Abyssinia (Haug, 1911; Joleaud, 1928), referred to D. gigan- 

teum, probably belong to this species. 

The type locality (Fig. 56, 25), Olduvai, Tanganyika 

Territory, Lat. 2° 58’ S, Long. 3° 24’ E, is a most inaccessible 

semi-desert place, a day’s march from the nearest good water 

supply. Hopwood (letter, Feb. 5, 1934) reports that the type 

teeth were found in the lowest of the four horizons referable 

to the Middle Pleistocene. They were mixed up with a partial 

skeleton of a very young Elephas antiquus recki, and on the 

other side of the dry water-course were found other remains 

of the same elephant at the same level; also that teeth belong- 

ing to Deinotherium have been found in the Lower Pleistocene 

of Abyssinia (Haug, 1911, Joleaud, 1928), as well as in the 

Pleistocene of Kanam, Kenya Colony. 

ConeLets.— Beautifully preserved and fitting closely in 

apposition, as if belonging to a single individual, these type 

grinders display the conelets of which the crests were formed, 

namely: protolophid of 1.Ms (16 conelets), metalophid of 

1.Ms (14e conelets); protoloph of 1.M® (14 conelets), metaloph 

of 1.M8 (12 conelets). On this character, which to Osborn’s 

knowledge has not been mentioned before, also on the superior 

size, the species Deinotheriwm hopwoodi has been based by 

Osborn, in recognition of Doctor Hopwood’s never-failing 

coéperation with the author in the preparation of this Memoir, 

in addition to his distinguished work in the African field. 

'See also Leakey’s discovery of Deinotherium sp.?, of Pleistocene age, in central Africa, Kavirondo Gulf (pp. 85 and 105 of the present Memoir). 

°The originals of these referred molars are in the British Museum, namely, Brit. Mus. M.14116, M.14115, and M.14117, respectively. 
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CHAPTER V 

HISTORY OF THE CLASSIFICATION OF THE MASTODONTOIDEA, FAMILIES 

AND SUBFAMILIES, 1705-1927 

GRADUAL SEPARATION OF THE ‘SPECIES’! COMPOSING THE CUVIERIAN GENUS MASTODON INTO TWO DISTINCT 

FAMILIES, MASTODONTIDZ AND BUNOMASTODONTID®, AND INTO SEVEN DISTINCT SUBFAMILY PHYLA, MAstTo- 

DONTINE, ZYGOLOPHODONTIN®, LONGIROSTRIN®, SERRIDENTINE, RHYNCHOROSTRIN/, NOTOROSTRIN®, AND 

BREVIROSTRIN &. 

1. Cuvier’s five classic ‘species’ of Mastodon represent four 5. The Zygolophodontine (=Mastodon borsoni): Final 

[five] subfamilies. separation (Russia, 1894) from the Mastodontine 

2. Cuvier’s original conception of his genus ‘Mastodonte,’ (= Mastodon americanus). 

1806. Types and definitions of five species. 6. Separation of species of ‘Mastodon’ and ‘Elephas’ 

3. The Zygolophodontine: Separation by Schinz and Vacek described in America (1792-1874). 

from the Longirostrine. 7. Osborn’s classification (1927) of the superfamily Masto- 

4. The Brevirostrinw: Separation by Lortet and Chantre dontoidea. 
from the Longirostrine and Zygolophodontine. 8. Cuvier and the Revolutions of the Globe. 

(January, 1934) Many discoveries since 1927 have altered or modified the statements made in this chapter. During the seven years 

(1927-1934) four additional subfamilies were discovered or defined, namely, the Amebelodontine, the Platybelodontinz, the Tetralo- 

phodontinz, and the Humboldtinz subfam. nov.; also the families Serridentidze fam. nov. and Humboldtidz fam. nov. (1935) 

Three new subfamilies are added, namely, Paleomastodontinz, Gnathabelodontinz, and Stegolophodontinz. The final classification, 

therefore, will be found in the Appendix at the close of the present Volume. 

Cuvier, 1806.—Cuvier, the founder of vertebrate palzontology, fell heir to all the collections in the Muséum 

d’Histoire Naturelle of Paris and was the first to distinguish specifically the true mastodont form of molar without 

trefoils from the bunomastodont form of molar with trefoils. Cuvier was more impressed with the resemblances 

between these two forms of molars than with the differences; consequently he included both forms within his 

single genus ‘Mastodonte’ (= Mastodon), which he divided into five classic species that became the starting point 

of all future descriptions and which survive to the present day; these species also are subdivisible according to 

modern discovery, as below; he did not adopt the binomial system of Linnzeus until 1817. 

OsBorn, 1927.—We now know that these five Cuvierian ‘species’ belong in two’ distinct families, namely, the 

Mastodontide and the Bunomastodontide, and in four' distinct subfamilies, namely, the Mastodontine (including 

Mastodon giganteum Cuv.), the Zygolophodontine (including M. tapiroides Cuv.), the Longirostrine (including 

M. angustidens Cuv.), and the Notorostrine (including M. andiwm Cuv. and M. humboldtii? Cuv.). 

It has taken more than a century of research, concluding with the present Memoir, to discover that five entirely 

different lines of descent actually separated these five Cuvierian ‘species’ in geologic time and divided them up 

among five generic and four’ subfamily phyla, as follows: 

SpPEcIES OF CUVIER GENERA, SUBFAMILIES, FAMILIES, AND SUPERFAMILIES 

OF THE PRESENT MEMOIR 

Mastodon giganteum Cuv....Mastodon americanus. ...Subfam. Mastodontine. ...Fam. Mastodontide. . . .Superfam. Mastodontoidea 

Mastodon angustidens Cuv..Trilophodon angustidens... “  Longirostrine.... “ Bunomastodontide  “ a 

Mastodon tapiroides Cuv.....Turicius tapiroides.......  “  Zygolophodontine “ Mastodontide.....  “ 5 

Mastodon andium Cuv...... Cordillerion andium...... “  Notorostrine...... “ Bunomastodontide  “ % 

Mastodon humboldtii Cuv...Cuvieronius humbolatii?...  “‘ Notorostrine ...... “ Bunomastodontide  “ ‘ 

\(Osborn, 1934) These Cuvierian ‘species’ now belong in three families and five subfamilies through the addition of the Humboldtide fam. nov. and the 

Humboldtine subfam. nov. 

2(Osborn, 1934) now referred to the Humboldtine subfam. noy., of the Humboldtid® fam. nov. 
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1. CUVIER’S FIVE CLASSIC ‘SPECIES’ OF MASTODON REPRESENT FOUR? SUBFAMILIES 

It was characteristic of Cuvier that he was very reluctant to admit the existence of more than one genus 

of either mastodonts or elephants, namely, Mastodon and’ Elephas; or to admit the existence of more kinds of 

fossil proboscideans than he himself had seen or described, This reluctant spirit has been manifested by many 

of his followers down to the present time. 

SusBrAMILY MAsTopONTIN® OsBorn, 1910, oF THE PRESENT MEMOIR 

See Chapter VI for detailed descriptions 

Cuvier was not in the habit of clearly designating his type specimens; consequently we select for the types 

of the Mastodon the teeth from the Ohio River first discovered, described, and figured as the types of Masto- 

donte de l’ Ohio [= Mastodon americanus Kerr—Fig. 76]. 

Grand MASTODONTE . PL.I. 

Fig. 76. Cuvier’s types of Mastodonte de l’Ohio or Le Grand Mastodonte, 1806.2, 

Pl. 49 [1]. [=Mastodon americanus Kerr of the present Memoir.] See figure 112. 

SUBFAMILY ZYGOLOPHODONTIN® OsBorNn, 1923, oF THE PRESENT MEMOIR 

See Chapter VII for detailed descriptions 

Petit Mastodonte (= Mastodon |Turicius| tapiroides Cuvier, 1806—see Figs. 77, 160, and 161), from the 

Fig. 77. Cuvier’s 

type of Petit masto- 

donte, 1806, from 

Montabusard =T'urici- 

us tapiroides. 

Lower Miocene of the Caleaire de Montabusard, with lophoid crests, without trefoils, has 

become the prototype of the zygolophodont phylum of the Miocene, including M. turicensis 

Schinz, M. affinis Jourdan, M. borsoni Hays, as shown in the conspectus of Mayet (1909, 

p. 45, B). This phylum is treated by Schlesinger (1917, pp. 146-162) under the heading 

“Mastodon (Zygolophodon) tapiroides Cuvier.’’ Mastodon tapiroides Cuv. is treated by 

Osborn in the present Memoir as Turicius tapiroides. The reasons for the separation by 

Osborn in 1926 (Osborn, 1926.706) of the genus Turicius from the genus Zygolophodon are 

given in Chapter VII, pp. 198-202, of the present Memoir. See also Pls. 1 and ut, between 

pp. 134-135. 

'(Osborn, 1934) Five subfamilies (see footnote on page 119). 
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SuBFAMILY LONGIROSTRIN® OspBorn, 1918, oF THE PRESENT M®MOIR 

See Chapter VIII for detailed description (p. 252) and new figure (Fig. 299) of Cuvier’s type 

Cuvier’s type (Figs. 78, 190, 299) from Simorre (Mastodonte a dents étroites = Mastodon {Trilophodon| 

angustidens Cuv.), with narrow molars and single trefoils, appears in the modern 

literature (e. g., Schlesinger, 1917) as a collective species of all the Miocene Lon- 

girostrines of Europe; it includes, as synonyms or trinomials, Mastodon minutus 

Cuv., 1824, of Saxony, M. simorrense Lartet, 1851, M. gaujaci Lartet, 1851, and 

M. cuviert Pomel, 1854 [1848], as revised and listed by Mayet (Mam. Fos., 

1909, p. 44, A). This phylum is treated most fully by Schlesinger (Denk. Natur- 

hist. Hofmus., I, 1917, pp. 5-63), under the heading ‘Mastodon (Bunolophodon) 

angustidens Cuv.” A new figure of the type has been prepared (see Chap. VIII, 

Fig. 299) from a cast presented to the American Museum in 1927 by the British 

Museum. This cast was one of two sent to Gideon Mantell by Cuvier, both 

of which were acquired by the British Museum with the purchase of the Mantell Fig. 78. Cuvier’s type of Mastodonte a 
Collection about the middle of the last century. dents: Grontes, 1806 [= Triaphoton areas 

dens of the present Memoir]. See new figure 

from cast (Fig. 299) in Chapter VIII. 

SuBFAMILY NororostTRiIn« OsBorn, 1921, [AND HUMBOLDTINa SUBFAM. NOV.] OF THE Present MEMOIR 

See Chapter XII for detailed descriptions 

Regarding Cuvier’s South American types: (1) It is important to note that the type (Fig. 79) of Mastodonte 
des Cordiliéres [=Cordillerion andium of the present Memoir], distinguished by single trefoils, is from near a 

HuMBOLDTIN& 

Fig. 80. Cuvier’s type NoToROSTRIN 

Fig. 79. Cuvier’s type of Mastodonte des of Mastodonte humboldien, 
Cordilitres, 1806 |=Cordillerion andium of the 1806 [= Cuvieronius humboldtii 
present Memoir]. of the present Memoir). 

voleano in the vicinity of Quito, Ecuador; (2) the type (Fig. 80) of M. humboldien, distinguished by double 
trefoils (now referred to a distinct genus, Cuvieronius, in honor of Cuvier), isfrom near Concepcion, Chile. Further 
characterization of these South American species is given in the phylogenetic section below (Chap. XII). 



2. CUVIER’S ORIGINAL CONCEPTION OF HIS GENUS ‘MASTODONTE,’ 1806 

(January, 1935) Written by Osborn in the year 1927, Sections 4-7 are now somewhat out of date (see Appendix at close of the present Volume). 

Cuvier conceived his genus Mastodonte as embracing animals possessing the five different types of grinding 

teeth shown in his five type figures above; this is a ‘collective’ genus in the same sense that most of the original 

genera of Linnzus were collective, that is, embracing several ‘species’ and ‘genera’ in the modern usage of these 

terms. 

According to all authors, Cuvier’s first references to his genus Mastodonte are in the Annales du Muséum 

d’Histoire Naturelle of 1806 (1806.2, p. 270). In the same year, in a subsequent paper, he observed (1806.3, p. 

413): ‘“‘Ainsi le genre se trouvera composé de cing espéces, toutes également inconnues aujourd’hui sur la terre.” 

His original descriptions, references, and figures of these five species are as follows (Cuvier, 1806.2, pp. 270, 

293; 1806.3, p. 412): 
ORIGINAL AND PRESENT REFERENCE 

“Je nommerai donc la grande espéce [op. 

cit., pp. 412, 413], 

Mastodonte del’ Ohio; [Mastodon giganteum Cuv.= Mastodon Ann. Mus., VIII, p. 293, Pl. 49 [1], Figs. 
americanus] 1-5; also Pls. 50 [11] to 56 [vu], fide 

de Blainville. (Type confirmed by de 

Blainville in his revision of 1839-64, 

p. 245.) 

Celle de Simorre et d’ailleurs, [Mastodon angustidens Cuv.=Trilopho- Ann. Mus., VIII, p. 405, Pl. 66 [1], 
Mastodonte a dents étrovtes; don angustidens| Fig. 4; Pl. 67 [i], Figs. 2, 4, 6, 11, 

and 13 (fide de Blainville). (Type 

confirmed by de Blainville in his 

revision of 1839-64, p. 246.) 

Celle des petites dents, [Mastodon tapiroides Cuv.=Turicius Ann. Mus., VIII, p. 411, Pl. 68 [1], 

Petit mastodonte;: tapiroides| Fig. 6. (Type confirmed by de 

[de Montabusard] Blainville in his revision of 1839-64, 
p. 251.) 

[de Saxe] [Mastodon minutus aut. minor=(?) Tri- Ann. Mus., VIII, p. 411, Pl. 67 [1], 

lophodon angustidens minutus] Fig. 11. (Type confirmed by de 

Blainville in his revision of 1839-64, 

p. 250.) 

La grande 4 dents carrées, [Mastodon andium Cuv., 1824,? Ann. Mus., VIII, pp. 411, 413, Pl. 67 

Mastodonte des Cordiliéres = Mastodon cordillerarum Desm., 1820- {], Fig. 1. (Type confirmed by de 

{prés du volean d’Imbaburra, 1822, =Cordillerion andium| Blainville in his revision of 1839-64, 

Quito, Ecuador] p. 249.) 

Et la plus petite, [Mastodon humboldtii Cuvier in Des- Ann. Mus., VIII, pp. 412, 413, Pl. 67 

Mastodonte humboldien marest, 1818, p. 447 =Cuwvieronius {1], Fig. 5. (Type confirmed by de 

[de la Conception du Chili]’’ humboldtii| Blainville in his revision of 1839-64, 

p. 249.) 

Le Grand Mastodonte Cuy. (Cuvier, 1806.2, Ann. Mus., VIII, pp. 270, 293) or Mastodonte de l’Ohio Cuv. 

(Cuvier, 1806.3, p. 412) = Mastodon giganteum Cuv., 1817 (“Le Régne Animal,” p. 233). Typr.—Cuvier, 

1806.2, Pl. 49 [1], figs. 1-5; confirmed by de Blainville (1839-1864, p. 245). Type DescripTion.—Cuvier, 

1806.2, pp. 270, 273, 293; 1806.3, p. 412. 
= Mastodon americanus of the present Memoir. 

“Mastodonte & dents étroites”’ Cuy., 1806 (Ann. Mus., VIII, 1806, pp. 405, 412) = Mastodon angustidens Cuv., 

1817 (‘Le Régne Animal,”’ p. 233). Type.—Cuvier, 1806.3, Pl. 66 [1], fig. 4; confirmed by de Blainville 

'In 1806 Cuvier regarded the little teeth of Montabusard (=M. tapiroide Cuv., 1821) and of Saxony (=M. minutus Cuv., 1824) as belonging to the 
same species, namely, Pelit mastodonte. See Cuvier, 1806.3, p. 411: ‘La dent de Montabusard, pl. m1, fig. 6, correspond si bien & celle de Saxe pour sa 
largeur, que je ne doute pas que ce ne soit un germe de l'une des postérieures de la méme espéce, cassé en avant.” 

*The specific names M. andium Cuv. and M. cordillerarum Desm. refer to the same type description (Cuvier, 1806.3) of the Mastodonte des Cor- 
dilitres. We may follow de Blainville and Falconer in choosing the specific name andium. 
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(“Ostéographie des Mammiféres,” 1839-1864, p. 246). Type Descriprion.—(Cuvier, 1806.3, p. 405): “Je 

commence par une dent de Simorre, pl. 1, fig. 4.” (Detailed description and measurements of this tooth and com- 

parison with other teeth from Simorre also of M. giganteum, pp. 401 to 420). 

= Trilophodon angustidens of the present Memoir. 

Petit mastodonte, celle des petites dents, Cuvier, 1806.3, p. 413 = Mastodonte tapiroide Cuv., 1821 (Cuvier, 

1821-1824, Vol. I, p. 268), subsequently written Mastodon tapiroides (see Desmarest, 1820-1822, p. 386, also 

Cuvier, 1821-1824, Vol. V, Pt. 2, p. 527). Typre.—Cuvier, 1806.3, Pl. 68 [11], fig. 6; confirmed by de Blain- 

ville (1839-1864, p. 251). Tyre Locauity.—Caleaire de Montabusard. (See below Petit mastodonte 

= Mastodon minutus.) TypE Description.—(Cuvier, 1806.3, p. 411): ‘La dent de Montabusard, pl. 1, 

fig. 6, correspond si bien 4 celle de Saxe pour sa largeur, que je ne doute pas que ce ne soit un germe de |’une 

des postérieures de la méme espéce, cassé en avant.” 

(de Montabusard, L. Miocene) = Turicius tapiroides of the present Memoir. 

Petit mastodonte, celle des petites dents, Cuvier, 1806.3, p. 413 = Mastodon minutus Cuv., 1824 (Cuvier, 1821- 

1824, Vol. V, Pt. 2, p. 527). TypEe.—Cuvier, 1806.3, Pl. 67 [uu], fig. 11; confirmed by de Blainville (1839- 

1864, p. 250). Type Locauiry.—Saxony. (See above Petit mastodonte= Mastodon tapiroides.) . TYPE 

Description.—(Cuvier, 1806.3, p. 411): ‘‘Telle est la dent de Saxe, envoyée autrefois par le professeur de Got- 

tingue, Hugo, A Bernard de Jussieu, et que l’illustre neveu de celui-ci a bien voulu me communiquer, PI. 11 [11, 67], 

fig. 11, entiérement semblable en figure et en proportions 4 celle de la fig. 4, pl. 1. Elle est exactement d’un tiers 

moindre.”’ 
(de Saxe, Miocene) = Trilophodon angustidens minutus of the present Memoir. 

Mastodonte des Cordiliéres, la grande 4 dents carrées, Cuvier, 1806.3, p. 413= Mastodon Andium Cuv., 

1824 (Cuvier, 1821-1824, Vol. V, Pt. 2, p. 527), and M. cordillerarum Desmarest, 1820-1822, p. 385. TyYPE.— 

Cuvier, 1806.3, Pl. 67 [1], fig. 1; confirmed by de Blainville (1839-1864, p. 249). Type Locauiry.— 

Voleano near Quito, Ecuador. Type Description.—(Cuvier, 1806.3, p. 411): “Les plus grandes ont les 

mémes dimensions que leurs correspondantes de l’Ohio. M. de Humbold en arapporté une qu'il a trouvée prés du 

volean d’Imbaburra, au royaume de Quito, 4 1200 toises de hauteur. Elle est assez décomposée et encore enduite 

de cendres voleaniques. Son émail est teint en roussdtre; elle est longue de 0,12, et large de 0,085. Voyez pl. 

11 [67], fig. 1.”” (De Blainville, 1839-1864, p. 249): ‘‘Cette espéce a été proposée, pour la premiére fois, par M. G. 

Cuvier, en 1806, dans son mémoire sur différentes dents de Mastodontes. Ann. du Mus., tome VIII, p. 411, et 

dans les mémoires réunis tome I, p. 11 [tome II, 1812.1, p. 11], et enfin dans la seconde édition de ses Recherches 

sur les Ossements fossiles de Quadrupédes (tome I, p. 266, 1821 4 1825). Elle ne reposait et ne repose encore que 

sur un petit nombre de piéces, trois dents molaires. (Loc. cit., pl. 2, fig. 1 et fig. 12.)” 

= Cordillerion andium of the present Memoir. 

Mastodonte humboldien, la plus petite, Cuvier, 1806.3, p. 413 = Mastodon Humboldtii Cuv. (see Desmarest, 

1818, p. 447); M. humboldii Cuvier, 1821-1824, Vol. V, Pt. 2, p. 527). Type.—Cuvier, 1806.3, Pl. 

67 [11], fig. 5; confirmed by de Blainville (1839-1864, p. 249). Type Locauiry.—Near Concepcion, 

Chile. Type Description.—(Cuvier, 1806.3, p. 412): “M. de Humbold est encore celui qui les a découvertes. 

Je lui en dois une qu’il a rapportée de la Conception du Chili; elle est fort usée, mais bien conservée, teinte 

en noir, longue de 0,08, et large de 0,06. Voyez pl. 1 [67], fig. 5.” 

=Cuvieronius humboldtii of the present Memoir. 



3. THE ZYGOLOPHODONTIN: SEPARATION BY SCHINZ AND VACEK FROM THE LONGIROSTRINA 

(1) One of the earliest revisions of the mastodonts, in the broad sense, following Cuvier, is that of Desmarest 

(1820-1822) in which all of Cuvier’s five species are reviewed and the name Mastodon cordillerarum applied to 

Cuvier’s Mastodonte des Cordiliéres. In this revision six species of ‘Mastodon’ are recognized, namely, 

Mastodon giganteum, M. angustidens, M. cordillerarum Desm. (=M. andium Cuv.), M. Humboldtii, M. minus 

(=M. angustidens), and M. tapiroides (pp. 384-386). M. minus (= minutus) is a synonym of M. angustidens. 

(2) The next revision is that of Schinz (1824, p. 278), in which five of the same species are recognized and 

the zygolophodont species ‘Mastodon turicense’ from the lignites of Elgg, Canton Zurich, is added. 

(3) There followed successive revisions in which it was recognized that M. tapiroides Cuv. and M. turicensis 

Schinz, animals possessing lophodont grinders without trefoils (=Zygolophodontine), should be separated off 

from animals possessing bunomastodont grinders with trefoils (= Bunomastodontide), namely, M. angustidens 

and M. longirostris. 

(4) Finally, in 1879, Lortet and Chantre distinguished two groups of species, separating in group II (= Zygo- 

lophodontinze Osborn), ‘“‘Mastodontes 4 dents présentant des collines larges et tapiroides,” the following (p. 304): 

II Lorret AND CHANTRE (1879) 

Mastodon Borsoni Hays, 1834 

Mastodon Turicensis Meyer, 1839 

Mastodon Tapiroides de Blainville, 1839 

Mastodon Buffonis Pomel 

Mastodon Vellavus Aymard, 1846 

Mastodon Vialetti Aymard, 1846 

(PRESENT Menmorr, 1927) 

= Zygolophodon borsont 

= Turicius turicensis 

= Turicius tapiroides 
=Zygolophodon borsoni buffonis 

= Zygolophodon borsoni vellavus 
= Zygolophodon borsoni vialetiz 

(5) Practically the same zygolophodont phylum is adopted by Mayet (1909, p. 45) who, with Depéret, 

enjoys the advantage of direct examination and comparison of the type and referred specimens included within 

Mayet’s Section B “Mastodontes 4 Mamelons Disposes en Crétes Transversales (Type Lophodonte).” These 

species, namely, Mastodon borsoni, M. turicensis, M. tapiroides, [and M. pyrenaicus|, are those chosen by the 

Austrian paleontologist M. Vacek in 1877 as typical of the genus Zygolophodon. 

BuNOLOPHODONT AND ZyGoLOPHODONT MiocENE AND PuLioceNe Specips oF Europe AFrrer Mayet, 1909 

A. — MASTODONTES A MAMELONS ARRONDIS (TYPE BUNODONTE) 

Mastodon angustidens Cuvier. 

1825, Mastodon angustidens, Cuvier, Ossements fossiles, t. 1, p. 250. 
1825. Mastodon minutus. Cuvier, Id., p. 267, pl, Il, fig. 11. 
1851. Mastodon Simorrense. Lartet, Notice sur la colline de Sansan, 

p- 24. 

1851. Mastodon Gaujaci. Lartet, Id., p. 24. 
1854. Mastodon Cuvieri. Pomel, Calalogue méthodique, p. 76. 
1859. Mastodon angustidens. Lartet, Note sur la dentition des pro- 

boscidiens vivants et fossiles (Bulletin de la Société géolo- 
on de France, 1859, p. 469, pl. XVI, fig. 1-4; pl. XX, 
ig. 6). 

1859. Mastodon angustidens. P. Gervais, Zoologie et Paléontologie 
_frangaises, 2° édit. 

1870. Mastodon arvernensis. Fraas, Die Fauna von Steinheim, Stutt- 
gart, 1870, 

1887. Mastodon angustidens. Depéret, Vertébrés miocénes de Ja vallée 
a (Archives du Muséum d'histoire naturelle de Lyon, 
t. {), 

1898. Mastodon angustidens. Mayet, Mammniféres miocénes des sables 
de lOrléanais et des faluns de la Touraine (Annales 
de U'Universilé de Lyon, fasc. 24); == des sables de l'Orléa- 
nais, p. 140, pl. VII, fig. 3, 4, 5,6; =e des faluns du Blésois, 
Pp. 297, pl. XI, fig. 2 et 3), 

Species, including types and referred specimens, related to 
the Mastodon angustidens phylum. After Mayet, 1909, p. 44. 

[=Longirostrinw and Brevirostrine of the present Memoir] 
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B. — MASTODONTES A MAMELONS DISPOSES EN CRETES 

TRANSVERSALES (TYPE LOPHODONTE) 

Mastodon turicensis Schinz. 

1825. Mastodon tapirojdes. Cuvier, Ossements fossiles, t. 1, p. 267, 
pl. Ill, fig. 6. Cf. aussi Guettard, Mémoires, t. V1, 10° m., 
pl. VII, fig. 4. 

1827. Mastodon turicensis. Schinz, Naturg. und Abbild. d. Sauge- 
thiere, 1827, p. 243. 

1842, Mastodon turicensis. H. von Meyer, Palzontologica zu* Geschi- 
chte der Erde und ihrer Geschopfe, Francfort. 

1850, Mastodon tapirojdes. Blainville, Ostéographic, G. Eléphant. 
1859. Mastodon Borsonii. G. Gervais (p. part.), Zoologie et Paléonto- 

logie .frangaises, 2° éd., p. 68. 
1878. Mastodon affinis. Jourdan, Archives du Muséum de Lyon, t. II. 
1878. Mastodon tapiroides. Lortet et Chantre, Recherches sur les 

Mastodontes (Archives du Muséum de Lyon, t. II, p. 285. 
pl. VII et IX), 

1887. Mastodon turicensis. Depéret, Vertébrés miocénes de la vallée 
du Rhéne (Archives du Muséum de Lyon, t. IV, p. 131). 

1908. Mastodon turicensis. L. Mayet, Mammiféres miocénes des sables 
de l’Orléanais et des faluns de la Touraine (Annales de 
CUniversité de Lyon, fasc. 24); == des sables de l'Orléanais, 
p. 194, pl. VIII, fig. 1 et 2; == des faluns du Blésois 
p. 298, pl. XI, fig. 4 et 5. 

Type and referred species related to the Mastodon turi- 

censis phylum. After Mayet, 1909, p. 45. 

{=Zygolophodontinz of the present Memoir] 
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(6) In Vacek’s invaluable Memoir of 1877, “Uber Osterreichische Mastodonten,”’ we not only find a clear 

separation of the Zygolophodontine from the Longirostrine (T'rilophodon, Tetralophodon, etc.) , but a clear separa- 

tion of the Brevirostrine (Anancus, etc.) from the Longirostrine. Vacek’s classic memoir is fully treated in 

Chapter VII (the Zygolophodontine). 

4, THE BREVIROSTRINZ: SEPARATION BY LORTET AND CHANTRE FROM THE 

LONGIROSTRINA AND ZYGOLOPHODONTIN® 

Following Cuvier, in a long period of exploration, discovery, and research, representatives were found of a 

new and important phylum, unknown to Cuvier, namely, the Brevirostrine, including ‘Mastodon’ arvernensis of 

Auvergne and related forms, while many additional members of the phyla known to Cuvier were discovered and 

traced into genera by Falconer. 

The state of knowledge and opinion in 1878 is reflected in the splendid memoir ‘‘Recherches sur Les Masto- 

dontes”’ of Lortet and Chantre, 1879, pp. 285-311, Pls. 1-xvi (bis). In this invaluable memoir the mastodonts 

are grouped as follows: 

I II 

Masrtopontes A Dents Errorres Masropontes A DENTS PRESENTANT DES COLLINES 

LARGES ET TAPIROIDES 

MASTODONTES DISSIMILIS, Jourdan MASTODON BORSONI, Hays 

[p. 297] [p. 304] 

Mastodon dissimilis....... Jourdan, 1840. Mastodon Borsoni........ Hays, 1834. 

2 Arvernensis....Croizet et Jobert, 1828. 3 Turicensis......H. v. Meyer, 1839. 

- Arvernensis....de Blainville, 1839. 4 Tapiroides......de Blainville, 1839....(pro parte) 

: angustidens....Cuvier, 1836........ (pro parte). Borsoni........ de Blainville, 1839. 
angustidens....de Blainville, 1839. .(pro parte). 7. Buffonis........Pomel. 

* angustidens....Laurillard, 1846.....(pro parte). ws Vellavus........Aymard, 1846. 

“ brevirostris..... P. Gervais, 1859. Z: Vialettiv sn 2-2 Aymard, [1846]. 

Anancus macroplus.......Aymard, 1846. S Borsont..< 2.4. Vacek, 1877. 

Borsoni........ Lartet, 1859. 

{=Brevirostrine and Longirostrine of the present Memoir] 

| =Zygolophodontine of the present Memoir] 

MASTODON LONGIROSTRIS, Kaup 

[p. 303] 

Mastodon longirostris..... Kaup, 1835. 

4: angustidens. ...de Blainville, 1839... .(pro parte). 

angustidens....P. Gervais, 1859...... (pro parte). 

longirostris..... Owen, 1861. 

longirostris..... H. v. Meyer, 1867. 

longirostris..... Falconer, 1868. 
longirostris..... Vacek, 1877. 

{=Longirostrine and Tetralophodontine of the present Memoir] 

It will be observed that while Lortet and Chantre (1879) follow Cuvier in uniting the brevirostrine, longi- 

rostrine, and zygolophodontine mastodonts into the single genus ‘Mastodon,’ they practically separate the species 

into three groups which correspond respectively with the subfamilies Brevirostrine, Longirostrine, and Zygolo- 

phodontinz of the present Memoir. 

Consequently the grouping of species by Lortet and Chantre (1879) is nearer the truth than that of Mayet 

(1909), because Mayet includes under his Group A, “‘Mastodontes 4 Mamelons Arrondis (Type Bunodonte),” 

species belonging in both the Longirostrine and Brevirostrine phyla, while he rightly includes in his Group B, 
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‘““Mastodontes 4 Mamelons Disposes en Crétes Transversales (Type Lophodonte),” the entire Zygolophodontine 

phylum. 

In the Miocene of Europe no representatives of the Brevirostrinz have been found, but this phylum is appar- 

ently represented in the Pliocene of India, e.g., Anancus perimensis. The author has not yet had an opportunity 

of personally examining the classic collections of the Proboscidea of Miocene Europe, which must be very carefully 

reéxamined before their true phyletic, generic, and specific characters can be determined. We have positive evi- 

dence of the existence of four entirely separate and distinct proboscidean lines of descent, and we see some evidence 

of the existence of a fifth line in Miocene Europe, although the fifth phylum has not been positively demonstrated 

as yet. These theoretical lines' are as follows: 

I II III IV V(?) 

MASTODONTID BUNOMASTODONTID 4 ELEPHANTID 4 

MASToDONTIN & ZYGOLOPHODONTIN © LONGIROSTRIN © SERRIDENTIN & STEGODONTIN& 

descended from perhaps a branch of descended from perhaps a branch of a branch of 

Miomastodon Zygolophodon Phiomia Phiomia unknown ancestors 

Pliomastodon Turicius Trilophodon Serridentinus (?) [| Stegolophodon|] 
Tetralophodon 

These four to five subfamilies are represented by species of Miocene and Pliocene age as follows: 

1. Mastodontinsze by species of Miomastodon and Pliomastodon, e.g., Miomastodon tapiroides americanus and 

Pliomastodon americanus praetypica. 

2. Zygolophodontine by the species T'uricius tapiroides, T. turicensis, and Zygolophodon borsoni. 

Longirostrine by the species T'rilophodon angustidens; all longirostral types. 

4. Serridentinz, medilongirostral Serridentines with medium length of jaw, specifically defined by Serri- 

dentinus filholi in Europe; represented in Asia by S. mongoliensis; in America by S. productus, 

S. serridens, and other species. 

5. Stegodontine (i.e., ancestors of) possibly represented by a species, Zygolophodon |= Stegolophodon|] sub- 

latidens, recently described by Schlesinger from eastern Europe. 

5. THE ZYGOLOPHODONTINA (=MASTODON BORSONI): FINAL SEPARATION (RUSSIA, 1894) 

FROM THE MASTODONTIN (=MASTODON AMERICANUS) 

It appears, from Marie Pavlow’s revision (1894) cited below, that all 

Russian students of the Proboscidea worked under the spell of Cuvier and 
conservatively adhered to his generic name Mastodon even though they 
clearly recognized the wide distinctions which exist between the genotype 
species Mastodon americanus and many other species which he included within 
this genus. As detailed above, the last phylum to be split off from the 
Mastodontine of the true Mastodon americanus type is that embracing a large 
number of European and Asiatic species which may be grouped under the Big 6. gh ootacgeternt toe P . La Se ; ” : ohioticus’ by Pavlow, from Pestchana, 
name Zygolophodontine. Beginning in 1824 with the discovery of Mastodon Podolia, Russia. (Pavlow, 1894, PI. 1): 

. . . . . dh i 2 i i i 9 
hinicendis and coumoun of oF s F Fig. 4, une m~ [Mbp] inférieure droite... | ul ag in 1834 with the recognition of M. borsoni, this Univ de Bosco. |= me inadnneen 
important and entirely distinct phylum, the Zygolophodontine, was grad- That this is a true species of the true 

2 aor aaite ‘ eer, A 5 genus Mastodon appears froin the two ually recognized, until in 1877 Vacek proposed the generic name Zygolophodon. principal ‘mamelons’ composing each crest. 
(Osborn, 1934). These theoretical lines of generic descent are considerably modified in the Appendix of the present Volume. 



6. SEPARATION OF SPECIES OF ‘MASTODON’ AND ‘ELEPHAS’ DESCRIBED IN 

AMERICA (1792-1874) 

The American palzontologists up to the year 1878 were no less conservative than their European confréres 

in retaining the two generic names Mastodon and Elephas for all kinds and formsof proboscideans. The new generic 

names Euelephas, Tetralophodon, and Trilophodon of Falconer were reluctantly admitted only by certain authors. 

Between 1884 and 1922, however, the tendency to split the mastodonts into a number of genera did not assert 

itself generally until Osborn began the present revision, as shown in the following chronological list of names as 

originally used and as revised in the present Memoir. 

OriGInAL GENERIC AND SpeciFic NAMES APPLIED GENERIC AND SpeciFIc NAMES AS SuBFAMILY PHYLA 
TO Species OF MasToDONTS REVISED BY OSBORN IN THE TO THE YEAR 

PRESENT MEMOIR 1927 

1792 LHlephas americanus Kerr...................------d Mastodon americanus MASTODONTIN 
isa Mastodon borsons Hays: .... 22... 2c ccc ce ee nteee Zygolophodon borsoni ZYGOLOPHODONTIN-£ 
1834 Mastodon chapmani Hays..........................Stegomastodon chapmani {[HcuMBoLDTIN£ subfam. nov.] 

1838 Elephas jacksoni Mather......... ................Parelephas jacksoni MAMMONTIN 

1842 Elephas americanus DeKay.. weeeeeeees....--Mammonteus primigenius americanus MaMMONTIN 
1857-1868 Elephas columbi Fiuieoaer: .........Parelephas columbi MAMMONTIN 

1858 Mastodon (Tetralophodon) miri nels tie ee Stegomastodon mirificus (HuMBOLDTIN® subfam. nov.] 
1858 Elephas imperator Leidy.. . .Archidiskodon imperator MAMMONTIN-E 

1859-1861 Elephas texrianus Owen n 1859, ead Blake, 1861. ..Parelephas columbi MAMMONTIN& 

1868 Mastodon americanus Leidy....................-.4 Mastodon americanus MasToDONTIN © 

1869 Mastodon obscurus Leidy..............-.------.- Trilophodon obscurus LONGIROSTRIN-E 

aaah | Mastodon shepardt Leidy...: ... 202.22 2d35. 2 0300282 Rhynchotherium shepardi RHYNCHOROSTRIN © 

1873 Mastodon proavus Cope...........................Serridentinus proavus SERRIDENTIN 
iis Mastodon productus Cope..........<..---is++-++--- Serridentinus productus SERRIDENTINE® 

A full list of the generic and specific synonyms of Mastodon americanus will be found in Chapter VI (Sub- 

family Mastodontine), under the heading of this species. 

7. OSBORN’S CLASSIFICATION? (1927) OF THE SUPERFAMILY MASTODONTOIDEA 

From the foregoing sections it appears that the collective genus ‘Mastodonte’ of Cuvier, 1806, has become, 

through discovery, analysis, and research, equivalent to the superfamily Mastodontoidea. This superfamily, 

as it comprises all the mastodonts in all parts of the world, is far more comprehensive than Girard imagined 

in his Mastodontide, because it includes two families, Mastodontide and Bunomastodontide, and not less than 

seven subfamilies and seventeen genera, the number of which is constantly being enlarged." 

Through discoveries by Schinz (1824), by Vacek (1877), by Lortet and Chantre (1879), by Pavlow (1894). 

by Mayet (1909), and by Osborn (1918-1925), the seven distinct subfamily phyla, Mastodontine, Zygolopho- 

dontine, Longirostrine, Serridentine, Rhynchorostrine, Notorostrine, and Brevirostrine, have been separated 

off. 

Thus the superfamily Mastodontoidea requires a definition broad enough to embrace the characters common 

to these seven subfamilies. 

'This, like all other classifications of the 1927 period, is now replaced by the 1935 classification set forth in the Appendix at the close of the present Volume. 

See also page 11 and footnotes on pages 27, 30, and 31 above. At the present time (July, 1935) the genera included within the Mastodontoidea number 
twenty-nine. 
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SUBORDER OR SUPERFAMILY: 

Families:! Mastodontidae Girard, 1852, Osborn, 1918; Bunomastodontidz Osborn, 1921 

Original reference: Mastodontoidea Osborn, Amer. Mus. Novitates, No. 1, p. 1 (Osborn, 1921.515); Masto- 

dontide Girard, Proc. Amer. Assoc. Adv. Sci., 1852, pp. 326, 328; Osborn. Bull. Geol. Soc. Amer., XXIX, 1918, 

Bunomastodontide Osborn, Amer. Mus. Novitates, No. 1, 1921, p. 2 (Osborn, p. 134 (Osborn, 1918.468). 

1921.515). 

MASTODONTOIDEA Osborn, 1921 

Derinition.—Chiefly forest and savanna living proboscideans; Sideirs migrating in the north and 
Browsers on tree and shrub leafage and on twigs; uprootersin part. Superior 

and inferior incisive tusks adapted to varied food habits, branching and uprooting, and to varied modes 
south temper ate regions. 

of defense; 
premolar S. 

retaining or losing enamel bands. Deciduous premolar series prevailing over permanent 
Intermediate molars, P4-M2, early becoming trilophodont; third molars, M’-M; progres- 

sive to 4-7 crests; cones, conules or conelets progressive to lophodont, bunolophodont, or ptychodont 
form. 

MASTODONTIDA# 

1. SUBFAMILY 

MAstTopoNTIN»= 

Nipple-toothed mastodonts 

Tusk enamel disappearing. 

Grinders sublophodont to 

subhypsodont. 

[Palzomastodon?| 
Mastodon 

Miomastodon 

Pliomastodon 

2. SUBFAMILY 

ZYGOLOPHODONTIN ® 

Yoke-toothed mastodonts 

Incisive tusks oval, (?) re- 

taining enamel band. Grind- 

ers becoming truly crested, 

with numerous conelets. 

Zygolophodon 

Turicius 

Body prevailingly elongate, broad, massive, short limbed. 

BUNOMASTODONTIDA# 

3. SUBFAMILY 

LONGIROSTRIN 

Long-jawed mastodonts 

Upper and lower tusks 

functional in feeding, superi- 

or tusks retaining enamel 

band, inferior tusks spatu- 

late, losing enamel band. 

Grinders with central con- 

ules or conelets in valleys. 

Phiomia 

Trilophodon 

Tetralophodon 

4, SUBFAMILY 

SERRIDENTIN 

Serrate-toothed mastodonts 

Superior and inferior inci- 

sive tusks functional in feed- 

ing, retaining enamel band. 
Rostrum moderately elon- 

gate. Grinders without 

central conules or conelets, 

with external and internal 

serrated spurs. 

Serridentinus 

1. =Mastodon gigantewm Cuvier = Mastodon tapiroides Cuvier 3. =Mastodon angustidens Cuvier 4. Unknown to Cuvier — 

BUNOMASTODONTIDA 

5. SUBFAMILY 6. SUBFAMILY 7. SUBFAMILY 

RHYNCHOROSTRIN & NorToRostRIN& BREVIROSTRINZ 

Beak-jawed mastodonts South American mastodonts Short-jawed mastodonts 

Superior and inferior tusks down- 

turned, functional in feeding, retain- 

ing enamel band. Grinders with inter- 
mediate conules or conelets. 

Superior tusks offensive weapons, 

losing enamel band; inferior incisive 

tusks disappearing. Grinders with 

alternating external and internal 

lobes, i.e., cones, lacking imterme- 

diate conules or conelets, developing 

double or quadruple trefoils. 

Jaws gradually abbreviating. Su- 

perior incisive tusks purely offensive 

(without enamel) or used in feeding 

(with enamel). Grinders with inter- 

mediate conules or conelets. 

Cordillerion 

Cuwieronius Anancus 
Rhynchotherium Eubelodon Pentalophodon, [Synconolophus] 

5. Unknown to Cuvier 6. =Mastodon andium and 7. Unknown to Cuvier 

M. humboldtii Cuvier 

The above synopsis shows that in 1927 Cuvier’s ‘Mastodon’ was known to embrace five classic species and 

seven subfamilies. To these are now (1935) added seven subfamilies, making fourteen subfamilies in all (see 

Appendix of the present Volume I), 
1 (Osborn, 1934) The suborder Mastodontoidea now includes the additional families Serridentide fam. noy. and Humboldtide fam. noy. 
*(Osborn, 1934) The subfamily relationships of [Palzomastodon] are now uncertain. (1935) See pages 143-149 below, also Paleomastodontine subfam. 

nov. in Appendix of the present Volume. 



8. CUVIER AND THE REVOLUTIONS OF THE GLOBE 

This historic chapter may appropriately conclude with quotations from ‘‘Les Transformations du Monde 

animal,” a work published in the year 1907 by Charles Depéret, who next to Cuvier and Gaudry ranks among the 

leaders of the paleontology of France. Depéret ardently sets forth and defends Cuvier as the creator of com- 

parative anatomy and of paleontology. (Depéret, 1907.2, pp. 7, 10, 13, 14, 19, and 22): 

L’admiration générale suscitée dans le monde savant par la série de mémoires que G. Cuvier publia 4 partir de 1798 et qui 
furent réunis, en 1812, sous le titre de: Recherches sur les ossements fossiles, n’a pas diminué [sic] de nos jours, malgré un recul de plus 
d’un siécle. Tout naturaliste qui veut se familiariser avec l’organisation des animaux supérieurs vivants ou fossiles doit encore 
aujourd’hui commencer ses études par la lecture de cet ouvrage magistral, ot se trouvent exposées, avec une clartéet une précision 
lumineuses, les notions fondamentales des deux sciences sceurs: |’ Anatomie comparée et la Paléontologie des vertébrés. . . . 

Ainsi, Cuvier a non seulement démontré la présence dans les couches sédimentaires d’une série de faunes terrestres super- 
posées et distinctes, mais il a eu le premier, et trés nettement, l’idée du perfectionnement organique graduel de ces faunes depuis 
les plus anciennes jusqu’aux plus modernes. C’est 1A une notion fondamentale, dont on oublie trop souvent d’attribuer le 
mérite 4 Cuvier, dans les jugements d’une sévérité excessive et souvent injuste, que les transformistes ont porté et portent encore 
sur les idées cuviériennes en matiére de paléontologie philosophique. . . . 

L’illustre naturaliste expose ses idées, avec sa clarté habituelle, dans l’admirable Discours sur les révolutions du globe, qui 
forme l’introduction de son grand ouvrage sur les ossements fossiles. Pour lui, les extinctions de faunes ont été A la fois 
completes et brusques, provoquées par des événements géologiques violents ou révolutions du globe, d’un caractére de généralité 
assez grand, mais non cependant absolu. En faveur de cette hypothése, Cuvier invoque de nombreux faits, d’ordre géologique, 
qui, pris isolément, et en tenant compte des documents connus 4 cette époque, sont d’une rigoureuse exactitude, et dont les 
relations réciproques seules deviennent discutables ou méme inexactes. . . . 

Quant au procédé de ce renouvellement, le reproche a été bien souvent adressé 4 Cuvier d’avoir admis 4 son tour une autre 
hypothése tout aussi peu démontrable scientifiquement, celle des créations successives. Mais c’est encore lA une critique tout 
4 fait injustifiée. Nulle part, le mot de création ne se rencontre dans |’ceuvre de Cuvier et il suffit de lire avec attention le 
Discours sur les révolutions du globe pour voir que dans |’esprit de l’illustre savant, il s’agit seulement d’invasions de nouvelles 
formes animales venues brusquement de contrées lointaines inconnues. Ici, l’idée est assez fondamentale pour qu’il vaille la 
peine de citer: 

‘Au reste, lorsque je soutiens,’ dit Cuvier, ‘que les bancs pierreux contiennent les os de plusieurs genres et les couches 
meubles ceux de plusieurs espéces qui n’existent plus, je ne prétends pas qu’il ait fallu une création nouvelle pour produire les 
espéces existantes, je dis seulement qu’elles n’existaient pas dans les mémes lieux et qu’elles ont dd y venir d’ailleurs.’ . . . 

Le lecteur voudra bien excuser sans doute la longueur de cette citation, dont l’intérét est considérable; elle démontre 
jusqu’a l’évidence qu’il faut reporter 4 Cuvier tout |’honneur d’avoir posé, avec une netteté et une exactitude admirables, 
Vhypothése si importante et si féconde du renouvellement des faunes par voie de migrations. . . . 

Ainsi, deux points paraissent absolument certains pour d’Orbigny: d’une part, la création en bloc de faunes entiéres— 
opinion que Cuvier n’avait jamais formulée—de |’autre, la disparition brusque de chacune de ces faunes. Pour le premier de ces 
grands faits, le savant paléontologiste ne tente méme pas, on |’a vu plus haut, le moindre essai d’explication scientifique. . . . 
C’est, on le voit, la reproduction 4 peu prés intégrale des révolutions du globe de Cuvier, avec une généralisation encore plus 
grande. ... 

Si l’explication de ce grand fait par des créations successives ne saurait nous satisfaire au point de vue scientifique, nous 
aurons plus loin & en chercher une interprétation rationnelle par des phénoménes de migration de faunes ou de migration de 
milieux, analogues & celles que Cuvier avait déja si bien mis en évidence pour les animaux terrestres. 
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THE AMERICAN MASTODO? 

Tur WARREN Mastropon As IT wAs First MounTep (1845-1846), sHoRTLY AFTER ITS DISCOVERY 

Fig. 82. The figure is reproduced from the American Journal of Agriculture and Science, Volume II, Number 2, conducted by E. Emmons, 
Albany, and A. J. Prime, Newburgh. In their article, “The Great American Mastodon,” Messrs. Emmons and Prime remark: ‘‘The skeleton has 
since been arranged and set up, and this has been done with great care and the strictest attention to the articulating surfaces of all the bones, which 
we believe has not been the case with others which have been put together.” 

THe WarrREN Mastodon 
AS REMOUNTED IN 1849 
As photographed in the 

interior of the Warren Mu- 
seum, 92 Chestnut Street, 
Boston. 

Fig. 83. For fifty-seven 
years, 1849-1906, the War- 
ren Mastodon, mounted as 
shown herewith, was ex- 
hibited in the Warren Mu- 
seum in Boston. In 1906 it 
was acquired, thanks to the 
generosity of the late J. Pier- 
pont Morgan, by the Ameri- 
can Museum. 

The skeleton, as here de- 
picted, is covered with heavy 
black varnish. The imitation 
tusks are made of papier- 
mAché and were so length- 
ened as to sweep the ground 
and curve outwards at the 
extremities. The chest and 
backbone were raised two 
feet above the top of the 
shoulder blade, or scapula, 
and as a result the natural 
height of the animal was 
increased from nine feet to 
twelve feet. Beneath the 
Warren Mastodon are tusks 
and grinding teeth of other 
specimens. Around the base 
of the walls are many verte; 
bre of the giant Zeuglodon, 
the archaic fossil whale of 
the southern United States. 

THE WarrREN Mastopon 
as remounted for The Ameri- 
can Museum of Natural 
History, under the direction 
of Curator Henry Fairfield 
Osborn, July, 1907, by chief 
preparator Adam Hermann 
and assistants, is shown in 
figure 124, page 178. 
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CHAPTER VI 

HISTORY OF THE SUBFAMILY MASTODONTINAZ, THE TRUE MASTODONTS 

DISCOVERY OF MASTODON AMERICANUS, OF PLIOMASTODON MATTHEWI, OF MIOMASTODON MERRIAMI, AND 

OF PALAZOMASTODON BEADNELLI. SUBFAMILY, GENERIC, AND SPECIFIC DISTINCTIONS. HaBITAtT, MIGRATIONS, 

PHYLOGENETIC SUCCESSION, AND EXTINCTION OF THE MASTODONTINA. 

1. History of the subfamily Mastodontine, 1705-1934. 8. Characters of Pliomastodon and its included species. 
2. Résumé of the subfamily characters. 9. Historical review of the discovery of the genus Mastodon 
3. Separation of mastodonts of the Mastodon americanus (1705-1934) and of the species Mastodon americanus 

and Zygolophodon borsoni phyla in Russia. (1792-1869). 
4. Résumé of discovery and description of the Mastodon- 10. Characters of Mastodon and its included species and 

tine. varieties. 
5. Progressive characters and generic distinctions of the 11. Skeletal characters of Warren and Whitfield mastodons. 

Mastodontine. 12. Age and progressive cranial and dental characters of 
6. Characters of Palzomastodon and its included species. Mastodon americanus, revealed in the American 
7. Characters of Miomastodon and its included species. Museum collections. 

In Chapter IT it is shown how the Mastodontoidea may be clearly distinguished from the Mceritherioidea, 

the Deinotherioidea, and the Elephantoidea. In Chapter V it is shown how Cuvier’s original genus ‘Mastodonte’ 

(=Mastodon) came to embrace two' distinct families, seven' distinct subfamily phyla, and seventeen’ distinct genera. 

In the present Chapter VI Cuvier’s genus Mastodon, based on the type Mastodon americanus, becomes the 

terminal member of the subfamily Mastodontine, otherwise known as the ‘true mastodonts,’ with a geologically 

prolonged lineage of its own certainly traceable into Asia and Europe and possibly back to the Lower Oligocene 

Palzomastodon of North Africa. Accordingly Palzomastodon is systematically treated in this chapter, and the 

reader is referred to Chapter II where Palzxomastodon is described in its North African environment of Oligocene 

time in competition with Meritherium and Phiomia. The discovery of a complete cranium and jaws may 

compel us to remove Palzxomastodon from the subfamily Mastodontinz’, in which it now rests on the evidence 

at present available. It is certainly not a direct ancestor of Mastodon. 

(October, 1934) The very important addition of the Lower Miocene Miomastodon depereti sp. nov., from the Sables de l’Orléanais 
of France, of the Mastodon pavlowi sp. nov., from Pestchana, Podolia, Russia, has recently been made to the subfamily Mastodon- 
tine, as described in the phylogenetic appendix of the present Volume; see fig. 230D, p. 284, of Chap. VIII, and Pl. I, p. 134; also of 
the Mastodon acutidens sp. nov. of the Pleistocene of North America (see Figs. 131 Al-A4, 135, and Pl. I, also Appendix). 

1. HISTORY OF THE SUBFAMILY MASTODONTINA, 1705-1934 

Original reference: Mastodontina Brandt, 1869, Mém. Acad. Imp. Sci. St. Petersb., (VII), XIV, No. 1, p. 35. Mastodontine 

Osborn, 1910, “The Age of Mammals,” p. 558 (Osborn, 1910.346). 

Although the first fossil remains of a member of this great subfamily were discovered on the banks of the 

Hudson River as early as 1705, also near the banks of the Ohio River (Big-Bone Lick, Kentucky) by the Indians 

who gave them in 1739 to a French officer named Longueil, the origin, migrations, and early geologic history 

of the Mastodontinz are still comparatively obscure. 

This we believe is because the Mastodontine have included forest-living animals from the very beginning of 

their history, for fossil remains of forest-living animals are always rare in Tertiary deposits. 

Only by such a forest-loving hypothesis can we explain the unparalleled abundance of the remains of 

Mastodon americanus in the ancient forest, bog, and swamp deposits of the eastern and middle United States, as 

‘See page 128. 
*See pages 143-149 below, also Palwomastodontine in Appendix. 
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summarized in the nation-wide records collected by Dr. J. M. Clarke, Dr. O. P. Hay, and others. And only by this 

hypothesis also can we explain the abundance and remarkable preservation of the more or less complete skeletons 

of our American Mastodon, which we believe outnumber those of all other extinct proboscideans put together. 

Masropon.—In the northern portions of the American continent these remains become very rare, and as we 

pass westward into the plains region and northward into Eurasia not a single fossil record is found until we reach 

Podolia, Russia, from which locality Marie Pavlow in 1894 described a single tooth (Fig. 81) which she referred 

to ‘Mastodon ohioticus.’ This central Eurasiatic region also yields teeth of the species belonging to the related 

subfamily Zygolophodontinw. When the grinders of Mastodon americanus are placed side by side with those of 

Zygolophodon borsoni we observe that they are really profoundly different; we verify this observation as we 

proceed westward into Austria, Germany, and France and discover that the bilobed grinding tooth of the true 

Mastodon may be traced back into its simple ancestral forms, which are quite distinct from the quadrilobed 

grinding tooth of the true Zygolophodon. 

Mromastopon.—This new stage of ancestral Mastodon grinder, as it appears in the Miocene of Holarctica, is 

placed in the distinct genus Miomastodon Osborn, because with these simple grinders are associated upper incisive 

tusks with broad enamel band; no Lower Pleistocene Mastodon thus far discovered has the enamel band. Thus the 

Pleistocene Mastodon americanus certainly leads back into the Miocene Miomastodon of western Eurasia and 

of North America. An intermediate stage is the Pliocene Pliomastodon lacking the enamel band. 

PALZOMASTODON.—Somewhat doubtful at present is the theory advanced by Matsumoto, and more recently 

supported by Osborn, that the original ancestor’ of the Mastodontine is to be found in the true Palzomastodon 

(as distinguished from the longirostral Phiomia) which occurs with relative rarity in the Oligocene river sands of 

the Faytim of northern Africa. Fossil remains of Palzomastodon are relatively rare, the skull is little known, but 

so far as our present knowledge goes the Palxomastodon grinding teeth are not ancestral in type to those of the 

true American Mastodon. 

2. RESUME OF THE SUBFAMILY CHARACTERS 

SUBFAMILY CHaracters.—Skull brachycephalic, brachyopic; cranium relatively broad and low. 
Mandibular rami rapidly abbreviating, with persistently rounded inferior tusks becoming variable. 
Superior tusks rounded, with enamel band in the Palzomastodon' and Miomastodon stages disappearing 
in the Upper Pliocene (Pliomastodon) and Pleistocene (true Mastodon) stages; superior tusks upturned 
and out-turned, adapted to browsing and uprooting purposes, powerful offensive and defensive weapons. 
Grinding teeth hexabunodont in Palxomastodon, primitively tetrabunodont in Miomastodon and 
Mastodon by the absence of the intermediate conules, gradually acquiring a bunolophodont form; 
intermediate grinders, Dp*-Dp,, M'-M,, M?-M,, becoming trilophodont; third superior grinders, M°, 
progressive to tetralophodont stage only; third inferior grinders progressive to tetralophodont + 
or four and a half ridge-crests only. 

Warning the reader of the present limitations of our knowledge, which chiefly arise from the very great rarity 
of fossil materials in the Eastern Hemisphere, we may give a theoretic summary of the ancestral history of the 
Mastodontine. 

GEOGRAPHIC AND GroLoaic Rance.—Springing from unknown ancestors of the Eocene-Oligocene of North 
Africa, the true Mastodontin appear in the Lower Miocene Miomastodon of western Eurasia and soon find their 
way eastward into North America, appearing in the Middle Miocene species of Nevada, Miomastodon merriami, 

‘See footnotes on pages 36 and 131. 
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and in the Lower Pliocene species of western Nebraska, Pliomastodon matthewi, meanwhile leaving behind 

in Austria-Hungary their relatives, Miomastodon tapiroides americanus and Pliomastodon americanus praetypica, 

which give rise to the rare true Mastodon of southern Russia, referred to ‘Mastodon ohioticus’ by Pavlow. Rarely 

found in northern and western North America, they multiply rapidly in the favorable forests of the middle and 

eastern United States in the typical form Mastodon americanus. 

SuBFAMILY HaBiraL ADAPTATION.—These broad, massive, low-bodied, low-headed, well-defended Mastodon- 

tine probably evolved chiefly in the north temperate forests of Eurasia and of North America avoiding the ex- 

tremes of warm climate in both hemispheres. The American Mastodon is known to have lived on the foliage of 

trees and shrubs aided by the vertical chopping motion of its jaws and the free interlocking action of its superior 

and inferior ridge-crests, the valleys not being filled or blocked with the trefoils, as in the valleys of the Longi- 

rostrine molar. That these true mastodonts were temperate and cold-loving animals, enjoying coniferous herbage, 

is shown by their avoidance of southern Eurasia, where no trace of the subfamily is found, also by their early 

disappearance in northern Africa. 

3. SEPARATION OF MASTODONTS OF THE MASTODON AMERICANUS AND ZYGOLOPHODON 

BORSONI PHYLA IN RUSSIA 

The reader is referred to Chapter V for the history of the separation of the Zygolophodonts in Europe as 

distinguished from their separation in Russia. See also Pls. 1, 11, and m1, between pp. 134-135 of the present 

Chapter. 

We owe to the learned Russian paleontologist Marie Pavlow the full historic record, from the time of 

Buffon, of the occurrence of the true Mastodon (ohioticus) americanus in Russia and its clear distinction from the 

true Zygolophodon borsoni of Russia, a molar of which was presented to the great French naturalist Buffon in 1770 

and beautifully deesribed and figured by him in 1778 (Fig. 84A). 

Paviow, 1894, pp. 1, 2, 36.—Avant d’aborder la description de tous ces restes fossiles, il me semble nécessaire de faire une 

courte revue de la littérature sur ce qui est connu jusqu’a présent comme restes de Mastodon en Russie . . . [1] Buffon. en 

1775 ['], a été le premier 4 décrire [Footnote: ‘Buffon. Epoques de la Nature. 1775. PI. 1-11.’] deux dents provenant de la 

Russie, et rapportées plus tard par Lartet au Mastodon Borsoni. Une d’elles que le comte de Vergennes lui avait donné en 1770 

(Il. c. Pl. ret 1) a été indiquée comme trouvée dans la Petite-Tartarie [Footnote: ‘On désignait par ce nom a la fin du XVIII 

siécle toute la Nouvelle Russie d’aujourd’hui.’]._ Une autre dent, apportée par l’abbé Chappe de Sibérie (Pl. 111), a éveillé un 
grand doute sur sa provenance. 

[2] Buffon, sans indiquer le genre auquel ont appartenu ces dents, les croit identiques 4 celles trouvées prés de l’Ohio et ne 

doute pas qu’il y avait un animal inconnu jusqu’alors et commun aux deux continents. Ces échantillons types se trouvent 

maintenant dans la Grande Galerie du Museum A Paris. * 

[3] Presque en méme temps Pallas a décrit, en 1770-77 [Footnote: ‘Pallas. Acta Acad. Petropolitanae. 1777. Pl. 9.’] une 

dent trés usée et trouvée dans les sables ferrugineux, prés de Belaja, affluent de la Kama. Pallas rapprochait cette dent de 

celles de l’animal de l’Ohio et plus tard Blainville et Eichwald [Footnote: ‘Blainville. Ostéographie. Eichwald. Paléontologie 

de la Russie.’] l’ont rapportée au Mastodon tapiroides. Le dernier de ces savants indique que cette dent se trouve a |’Institut 

de Mines 4 St. Pétersbourg. 

[4] Il me semble que, autant qu’on peut en juger d’aprés le dessin de ce débris trés mal conservé, cette dent a du appartenir 

& un Mastodon du type ‘Zigolophodon’, c’est 4 dire possédant des crétes absolument nettes, dépourvues de mamelons inter- 

médiaires. Ce type est le mieux représenté par Mastodon Borsoni. 

[5] Soixante ans a peu prés se sont écoulés aprés cette description de Pallas, sans que personne mentionne des mastodontes 

trouvés en Russie, et ce n’est que depuis 1835, que des nouvelles trouvailles et des descriptions ont été faites. 

‘In the bibliography Pavlow gives the reference as follows: ‘Buffon. Supplément Al’histoire naturelle. Epoques de la nature. Tome V. Pl. 1-5, 1778.” 
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[6] Ainsi Fischer de Waldheim en 1835, en déterminant d’aprés les dessins les fossiles trouvés prés de Rzazan, indique dans 

une courte notice [Footnote: ‘Fischer de Waldheim. Bull. Natur. Moscou p. 394, Pl. x.’] une jeune dent d’un Mastodon qu’il 

considére comme la premiére trouvaille de ce genre faite en Russie. Le dessin n’est pas assez bien fait, pour pouvoir déterminer 

l’espéce de ce Mastodon. L’échantillon est indiqué comme se trouvant dans la collection du Lycée de Riazan. ... 

(7. Op. cit., p. 36]: Age géologique et répartition géografique du groupe Zygolophodon. L’age géologique de ce groupe des 

Mastodon est bien prolongé. On rencontre leurs différents représentants depuis le mzocéne, durant le pliocéne, en Europe et le 

pleistocéne en Amérique. Les formes les plus anciennes ont été indiquées en Espagne (Mast. tapiroides) dans les lignites de 

Brihuega dans le miocéne moyen (ou inférieur—Lartet p. 4751. cit.). | Dans le miocéne moyen elles abondent: la France en a 

deux représentants: Mast. tapiroides Lartet et Mast. turicensis Schinz (af. Borsoni), dans les faluns de Touraine, graviers 

d’Orléanais, lignites de Soblay (Ain). 

[8] Mast. turicensis Vacek (af. Borsoni) a été trouvé en Silésie. Le miocéne en Suisse (Elgg) et la molasse de Winterthur 

sont trés riches en Mast. turicensis Schinz (af. Borsonz), ainsi que le mio-pliocéne d’Europe qui débute 4 Oeningen (Suisse). 

[9] Mast. Borsoni Lartet, et Borsoni Hays provient du Pliocéne inférieur d’Asti, d’Auray. Celui de Bravard, Lortet et 

Chantre du Pliocéne supérieur du Puy-de-Déme, Auvergne. Celui de Mr. Forsyth Major du Pliocéne supérieur du Val d’Arno. 

[10] Le Mast. virgatidens de v. Meyer n’est désigné que comme provenant des dépdts tertiaires de Foulda (Allemagne) 

sans que l’dge soit précisé. 

[11] Les différentes dents de M. Borsoni Vacek proviennent de divers dépéts; ainsi, Pl. v1, f. 3 indiquée comme provenant du 

miocéne supérieur de Neidorf éveille les doutes de l’auteur sur |’exactitude de cette indication, 4 cause de l’ancienneté des dépéts. 
Pourtant cela ne nous parait pas impossible, prenant en considération la trouvaille de M. twricensis Schinz dans ces dépéts et la 

parenté, presque l’identité de ces 2 formes. 

[12. Op. cit., p. 37] Quant au rapport génétique de ces formes il nous semble possible d’exprimer les suppositions suivantes: 

a) que Mast. tapiroides Lartet (non Schinz) de Simorre est l’espéce la plus ancienne dans ce groupe, et qui a donné naissance 

a b) Mast. turicensis et Borsoni de Touraine, de Soblay, de Zurich et d’ Asti, laquelle 4 son tour a précédé c) Mast. aff. Borsoni de 
|’Auvergne, de l’Allemagne, de |’Autriche et de la Russie; et qu’une branche, qui a dt se détacher de ce dernier a la fin du 

Miocéne (aff. ohioticus), a donné les formes de d) Mast. ohioticus de la Russie, développées dans le Pliocéne. 

Burron, 1778. Superiork Grinpinc TEETH or ZyGOLOPHODON (LEFT) AND OF MasTopoNn (RIGHT). ORIGINALS SAID TO BE IN THE 

Paris Museum (FIDE Paviow, 1894) 

Fig. 84. Grinding teeth of Zygolophodon borsoni referred (left) and of Mastodon americanus referred (right), after Buffon, 1778, 
Pls. 1 and ry, one-fourth natural size. [Inverted by H. F. O.] 

A, Buffon’s figure of the molar of an animal which we now know to be related to Mastodon [ = Zygolophodon| borsoni, found in Russia 
(“la petite Tartarie”’), presented to Buffon in 1770 by M. le Comte de Vergennes. Observe three to four lobes, i.e., cones or conelets, in 
each transverse crest. 

; B, Buffon’s figure of the molar of an animal now known as Mastodon americanus, from Big-Bone Lick, Kentucky, near the Ohio 
River, sent to Buffon by M. Collinson. Observe two lobes, i.e., cones, in each transverse crest, the true Mastodon type. 

Both of these beautifully engraved molar teeth appear to be third superior grinders, M°, although they lack the rudimentary fifth 
crest or pentaloph characteristic of the third superior molars of Mastodon americanus (F ig. 133). 



PLIOMASTODON, MIOMASTODON. 
AND MASTODON 

Suleus 
MAST. ACUTIDENS 

MASTODON AMERICANUS 
PALAEOMASTODON BEADNELLI ref. 

PLATE I 

MastopontiIn&: Persistent LoNairupiNAL Sutcus, Two Cones AND Four Coneets tn Eacu Rince-crest, Rupimentary Ecro- (INFERIOR) 

AND ENTOTREFOILS (SuPERIOR). F'1GURES LESS THAN ONE-THIRD NATURAL SIZE 

Lower Oligocene A, Palzxomastodon beadnelli ref., r.M3. No suleus. Complete transverse crests and prominent central conules (C, C) prove that 

Palzomastodon is Nov ancestral to Mastodon. Amer. Mus. 13481, Faydm of Egypt (ef. Fig. 187c). 

Pleistocene L, Mastodon acutidens sp. nov., 1.M’. Longitudinal suleus, progressively sharpened ridge-crests. See figures 131 Al-A4 and 
135. Amer. Mus. 17727, Rochester, Indiana. 

K-J, Mastodon americanus ref., r. and 1.M?*, Mo.3. Sulcus persistent, 4 conelets, superior entotrefoils (KK), inferior ectotrefoils (J) 

(=losanges of Cuvier). See figures 133 and 134. Amer. Mus. 12464, Buffalo, Kansas, and Amer. Mus. 14294, near 

Fulton, Indiana. 

I, G, Mastodon pavlowi sp. nov., type, |.M**, 1.M3. Primitive. Longitudinal suleus, 4 conelets, no trefoils. After Pavlow, 1894, 

Pl. 1, figs. 2 and 3, Pestchana, Podolia, Russia. 

I’, ‘ Mastodon ohioticus’ ref. |= M. pavlowi ref.], r.Mz. Rounded conelets 4-5, entotrefoils. After Pavlow, 1894, Pl. 1, fig. 4 

(see Fig. 81 of present Memoir), Pestchana, Podolia, Russia. 

Pliocene C, D, E, H, Pliomastodon praetypica cotypes and ref. Primitive. Rounded conelets 4, persistent longitudinal! sulcus, rudimentary 
trefoils. 

C, D, Cotypes r.M**, 1.Mo.s, after Schlesinger, 1922, Taf. xv, figs. 2 and 4, Szabadka and Batta-Prd, and 1.Ms, Taf. xrx, fig. 2, 

Batta-frd, Hungary. 

E, H, Referred 1.M! (rev.), after Vaeek, 1877, Taf. v1, fig. 3, Neudorf, Austria, and 1.M®, Taf. v1, figs. 1, la, near Theresiopel, 

Hungary. 

Lower Miocene B, Miomastodon depereti sp. nov., 1.M*. [Erroncously determined as an 1.Ms, Fig. 230, p. 284, of the present Memoir.] The 

most primitive stage thus far known. Deep longitudinal sulcus, 3-4 eonelets, 4 ridge-crests and rudimentary penta- 
loph. After Mayet, 1908, Pl. vu, fig. 3, Chevilly, Sables de l’Orléanais, France. 

ComPARATIVE OBSERVATIONS (1935) 

Molars of the true Mastodon phylum are readily distinguished: (1) By the persistence of the median sulcus even into the progressive stage (L) 
of Mastodon acutidens; (2) by the persistent four conelets: (3)by the rudimentary ectotrefoil and entotrefoil spurs. 
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| 4 External & ; ZYGOLOPHODON PYRENAICUS TYPE ZYGOLOPHODON BORSONI 

PLATE II 
ZYGOLOPHODONTIN®, ZYGOLOPHODON: PRIMITIVE LONGITUDINAL Sutcus (B, F, G), GRADUALLY DISAPPEARING 

(E, D), ConreLets 4 (B) Progressive To 6 (D, EB, F, G), No Ecro- or ENToTREFOILS. RIDGE-CRESTS 

OBLIQUELY TRANSVERSE (D). Nor DRAWN TO A UNIFORM SCALE 

Lower Oligocene A, Palzomastodon intermedius type and paratype, Mj.3, M' (see Fig. 92). Longitudinal suleus blocked by proto- and meta- 

conules. Central conules (C, C) in inferior molars. Nor ancestral to Mastodon or Zygolophodon. 

Middle Miocene — B, Zygolophodon pyrenaicus type, r.My (see Fig. 148). Primitive longitudinal sulcus, 4 conelets on three posterior crests. 

Middle Pliocene ©, Zygolophodon borsoni type, r.M® (see Fig. 154). 4-6 conelets on three anterior ridge-crests. 

Upper Pliocene D, Zygolophodon borsoni ref., r.Mo.s, 1.Mo.3 (see Fig. 150). Progressive 4-5-6 conelets on perfected inferior molar ridge-ecrests. 

Vestigial sulcus. 

Middle Pliocene E, Zygolophodon borsoni ref., 1.M?, ‘intermediate molars’ 4-5 conelets. After Schlesinger, 1922, Taf. xrv, fig. 5 (praetypica), 

Rikoskeresztur, Hungary. Ms, after Schlesinger, 1922, Taf. xv, fig. 5, Bics-Bodrog, Hungary. 

Upper Pliocene I, Zygolophodon borsoni ref., 1.M® (see Fig. 153). Primitive irregular longitudinal sulcus, 5—6 conelets. 

G, Zygolophodon borsoni ref., 1.M® (see Fig. 111). Primitive sulcus, 5 conelets on proto-, meta-, tritolophs, 4 conelets on tetarto- 

loph. After Buffon, 1778, Pl. 1. 

ComPARATIVE OBSERVATIONS (1935) 

Palxomastodon intermedius (A) is distinguished from Zygolophodon as follows: (1) Median sulcus lacking; (2) central conules (C, C) present in 

anterior valleys; (3) entotrefoils sometimes present. 

Molars of the relatively rare representatives of the Zygolophodon phylum are readily distinguished by the following three outstanding characters: 
First, the median sulcus separating the four conelets in Zygolophodon pyrenaicus (B) is not very distinct; it is reduced or vestigial in Z. borsoni 

4 (D-G). 
Second, by the subdivision of the four transverse conelets of Zygolophodon pyrenaicus (B) into five conelets in Z. borsoni superior molars (D-G). 
Third, by the entire absence of the ecto- and entotrefoil spurs, which are more or less prominent on prolonged usage in specimens of Pliomastodon 

and Mastodon (Pl. 1, C-K). 
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PLATE III 

ZYGOLOPHODONTIN®, Turicius: LONGITUDINAL Sutcus (A), VESTIGIAL OR ABSENT (A—J), RipGE-crests Constant 4 (A-I), 5 (J), RupIMeNnTARY 

Ecro- aNp Enrorreroit Spurs (A, F, H), Conpiers 4-5-6 (A, B), Rapipty Muvrietyina, 7 (C)-10 (E)-11-13 (F)-10-25 (H-H3), 

CoMPRESSED AT Summit (J). ALL FIGURES (EXCEPTING I AND J) ABOUT ONE-THIRD NATURAL SIZE 

Lower Miocene A, Turicius tapiroides type, r.M3. Primitive longitudinal suleus, 4-6 conelets. After Mayet, 1908, fig. 66, Calcaire de 

Montabusard, France. 

B, Turicius tapiroides ref.,1.M3. After Mayet, 1908, Pl. vi, fig. 2, Sables de l’Orléanais du Blésois, Pontlevoy, France. 

C, Turicius tapiroides ref.,r.My. Conelets 5-7, ridge-crests 4. After Mayet, 1908, Pl. x1, figs. 4and 5, Pontlevoy, France. 

Upper Miocene D, Turicius turicensis type, 1.M*. After Schinz, 1833, Taf. 1, fig. 1, Elgg, Canton Zurich, Switzerland. 

E, Turicius turicensis homceotype, r.My. Conelets 5-10. After von Meyer, 1867, Taf. m1, fig. 1, Elgg, Canton Zurich, 
Switzerland. 

F, Turicius turicensis ref., r.My. Conelets 5-13, trefoil rudiment. After von Meyer, 1867, Taf. 11, fig. 2. 

G, Turicius turicensis ref., r.Ms, r.M?. Conelets 4-7. After casts of originals in the Munich Museum (1899 IX 1>= 

Amer. Mus. 22492, from Freising, Upper Bavaria, and 1891 I 50=Amer. Mus. 22491, from Moosburg, Bavaria, 
respectively). 

Middle (?) Pliocene H-H3, Turicius virgatidens types, r.Ms (H), r.My (H 1), 1.M® (H 2, 3). Conelets 6-25. After von Meyer, 1867, Taf. rv, 

figs. 1-5, ‘Gelben Lehme’ bei Fulda, northeast of Frankfort, Germany. 

Lower Pliocene I, Turicius atticus type, 1.P*, M'. Conelets 4-5. After Wagner, 1857, Tab. vu, fig. 16, Pikermi, Greece. 

Pliocene J, Turicius wahlheimensis cotype, 1.M’. Conelets compressed, 4-9, 5 ridge-crests. After Klihn, 1922, p. 77, fig. 17, 

Esselborn, Rheinhessen, Germany. 

CoMPARATIVE OBSERVATIONS (1935) 

Molars of Turicius are readily distinguished from those of the Mastodon and Zygolophodon phyla by the following characters: 

First, by the accelerated sharpening and elevation of the transverse crests (A-F). 

Second, by the accelerated multiplication of the conelets from six (A) to seven (C) to thirteen (F) to twenty-five (H), thus producing a lofty, 

sharpened crown parallel with that of Stegodon, with minute conelets more numerous than in Stegolophodon or primitive species of Stegodon. 

Third, by the early reduction of the median sulcus, more apparent in Miocene species (A-F), vestigial in Pliocene species (H-H3), absent in 
specialized T'uricius wahlheimensis (J). 
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STEGOLOPHODON 

Exemal 
S.CAUTLEY!I TYPE 

iy 

FPN ee, 

Oy 
ZA \ B 

S.CAUTLEY!I PROGRESSUS TYPE 

S.SUBLATIDENS TYPE NATHOTENSIS 

PLATE IV 

STEGOLOPHODONTIN £, STEGOLOPHODON: Primitive Lonerrupinat Sutcus, SHapep (A, B), Persistrxe ry I-IV Anrertorn Ripce-crests (E, El), 
tw L-III Anrertor Rince-crests (F), Vesticrat iv Ripce-crests I-III (G, H, 1). Coneters Rounpep, IncreasivG From 4-5 (A, D), 

5-7 (C, H, 1, G). Posrerion Rmce-crests IV-VI Procressive, with Congtets 5-7 (G), ConeLets not Exceepine 5 (H, I) 

Mio-Pliocene __B, Stegolophodon cautleyi progressus type, r.M'. Amer. Mus. 19446, near Chinji Bungalow, India. Summit of Lower Chinji 
horizon, 2,000 feet above base of Lower Siwaliks. 

C, Stegolophodon nathotensis type,r-Mz. Conelets5-6. Amer. Mus. 19455, near Nathot, Lower Middle Siwaliks, India. Lower 
Chinji horizon. 

Lower Pliocene D, Stegolophodon latidenstype,r.Mz. Ridge-crests I-VII, conelets 4, suleus on ridge-crests I-IV. After Clift, 1828, PL xxxvm, 
fig. 1, near Yenangyaung, Burma. Lowest levels of Irrawaddy Series (fluviatile). 

E, Stegolophodon latidens type, r.M*. Ridge-crests I-VI, sulcus on ridge-crests I-IV. E 1 (section), ridge-crests coalescent at 

base (I-III). After cast (Amer. Mus. 21978) of Clift’s type, 1828, Pl. xxxvn, fig. 1, near Yenangyaung, Burma, lowest 
levels of Irrawaddy Series (fluviatile). 

F, Stegolophodon latidens ref., r.M'. Sulcus on ridge-crests I-III, conelets 4-6, ridge-crests 4%. After Matsumoto, 1926.1, PI. 
y, figs. 1 and 3 (Prostegodon), Shiwogama, Miyagi District, Province of Rikuzen, Japan. 

Pliocene (?) G, Stegolophodon lydekkeri sp. nov.,1.M®. Ridge-crests I-VI, conelets 4-7, sulcus on ridge-crests I and II only. After Lydekker, 
1886.2, fig. 19 (as M. latidens), Borneo. 

Middle(?) Pliocene A, Stegolophodon sublatidens type, r.M°®. Conelets 4-5. After Schlesinger, 1917, Taf. xvu, fig. 2, Teschen (Schlesien), Austria. 
Middle Pliocene H, Stegolophodon cautleyi type, r.M®. Ridge-crests I-V, sulcus on ridge-crests I and II, conelets 5. After Lydekker, 1886.1, 

p- xv, fig. 6, Perim Island, India. 
Upper(?) Pliocene I, Stegolophodon stegodontoides Pilgrim, type, r.M*. Ridge-crests I-VI, sulcus on ridge-crests I-III, conelets 5. After Lydek- 

ker, 1880, Pl. xxxrx, Lehri, Punjab, India, possibly Upper Siwaliks. 

ComPaRATIVE OBSERVATIONS (1935) 

Molars of Stegolophodon are readily distinguished from those of the Mastodon, Zygolophodon, and Turicius phyla by the following characters: 
First, by the persistence of the median sulcus separating the inner and outer pairs of cones of all the crests (A, B, D), of the three to four an- 

terior crests (E, F, I), of the two anterior crests (G, H). 
Second, by the rounded, bunoid conelets separated by median suleus (A—H). 
Third, by the closure of the enamel in the base of the transverse valleys, as seen in section (El), very characteristic of Stegodon. 

The second and third of the Stegolophodon characters enumerated below link this genus with the genus Stegodon. But we must remember that 
Stegolophodon cautleyi is of Middle Pliocene age (Perim Island), contemporary with the true Middle Pliocene Stegodon bombifrons (Dhok Pathan). 
See Volume II, Chapter XV, Stegodontoidea. 
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TruE MASTODON AMERICANUS Type IN EurasiA.—It is interesting to note that in addition to the lophodont 

and zygolophodont forms related to Mastodon borsoni and M. turicensis, described by Pavlow and beautifully 

figured by her (1894), there also occurs in several localities, e.g., Pestchana and Krasnoie, Podolia, Russia, 

the molar type which she rightly compares closely with that of M. ohioticus, i.e., M. americanus (see Fig. 81 of 

the present Memoir). Of these Russian specimens Marie Pavlow (1901, p. 12) speaks as follows: 

Je veux profiter de l’ocecasion, puisque je parle des mastodontes, pour compléter la description des restes fossiles du 

Mastodon Ohioticus, trouvé 4 Pestchana en 1892, et décrit par moi en 1894 (1. cit.). En parlant de la partie antérieure de la 

mandibule de cet animal, je me suis bornée a dire (p. 10), qu’on ne trouve sur ce morceau de mandibule aucune trace d’alvéole 

pour la défense. Cela me semblait suffisant pour faire croire, que cet animal adulte n’avait pas de défenses inférieures et qu’il 

pourrait étre rapporté par ce caractére au Mast. Ohioticus, les autres caractéres de dents venant appuyer cette détermination. 

Mais ayant rencontré dans la littérature quelques objections 4 ce sujet, je me crois obligée de donner une description plus 

détaillée de cette partie de mandibule, en l’accompagnant d’un dessin (PI. 1, fig. 3). 

This description, with photographic figures (1894, Pl. 1, figs. 2 and 3), convinces us that we have from Pest- 

chana a form closely resembling Mastodon americanus but which may not be specifically identical’; the Pestchana 

specimens are certainly closer to M. americanus than to Zygolophodon borsont. 

The fact that this recent review by Pavlow of the Eurasiatic Proboscidea yields examples of only four 

individual specimens of Mastodon americanus from two localities, Pestchana and Krasnoie, as compared with the 

relative abundance of Zygolophodon borsoni, is another proof of the great scarcity of members of the true Mastodon 

americanus phylum up to the period of its abundant revelation in the eastern forests of North America. As shown 

in Pl. 1, pp. 134-135, other specimens referred by Vacek to Zygolophodon prove to belong to Mastodon. 

4. RESUME OF DISCOVERY AND DESCRIPTION OF THE MASTODONTIN/A 

The earliest discoveries of the American Mastodon on the Hudson River in 1705, and those in Kentucky near 

the Ohio River in 1739, antedated by thirty years the dissemination of the various editions of the “Systema 

Nature” (1735-1766) of Linneus. From 1752 to 1778 Buffon described the ‘‘os d’éléphans,”’ as cited in full below, 

of this Kentucky animal without assigning to them a specific name; subsequently Kerr’s description of Elephas 

americanus appeared (1792). Nevertheless these fossils attracted little attention, in fact, even as late as 1797 

Blumenbach affixed the clumsy name Ohio-Incognitum to one of the fossil teeth found on the Ohio River, and as 

late as 1806 Cuvier named the same animal Le Grand Mastodonte and Mastodonte de l’Ohio. 

Consequently the history of proper nomenclature lags far behind the history of discovery, and the very last 

stage in the long progress of paleontology is the ancestral history or phylogeny. 

Tyre Locauity, Bie-Bonr Lick, Ky.—The type locality of the first discoveries of Mastodon in America is 

certainly the Big-bone-swamp (fide Kerr, 1792, p. 116), subsequently known as the ‘Big-Bone Lick,’ a few miles 

southeast of the Ohio River, in Kentucky. Thus the animal took its second name Ohio-Incognitum Blumenbach, 

1797, from the Ohio River, and became known as Mammut ohioticum Blumenbach in 1799, Mastodonte de l’Ohio 

Cuvier in 1806. 

Chronologie notes respecting early explorers of Big-Bone Lick were published by William Cooper in 1831 

{Monthly American Journal of Geology and Natural Science, Vol. I, 1831, p. 159]. This list contains the state- 

ment that a French officer named Longueil secured fossil bones from a morass near the Ohio River in 1739, and 

that they were collected by some Indians and not by a Frenchman. The list goes on to say that Col. George 

Croghan visited Big-Bone Lick in 1765. 

(1935) Made the type of Mastodon pavlowi (see Appendix). 
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Cuvier, 1806.2, p. 280, ry PART, AND 1834,Vol. II, p. 266.—Le plus célébre de ces dépdts, celui qu’ont visité Longueil, Croghan 

et tant d’autres, celui qui a fait donner au mastodonte le nom d’animal de |’Ohio, porte lui-méme celui de Big-Bone-Strick ou 

Great-Bone-Lick. Il est dans l’état de Kentucky, 4 la gauche et au sud-est de |’Ohio, 4 quatre milles du fleuve, trente-six 

milles au-dessus de l’embouchure de la riviére de Kentucky [Footnote: ‘Volney, Tableau du climat et du sol des Etats-Unis 

d’ Amérique, I, page 100.’], presque vis-A-vis celle de la riviére dite la Grande Miamis. C’est un lieu enfoncé entre des collines, 

occupé par un marais qu’entretient un filet d’eau salée, et dont le fond est d’une vase noire et puante. Les os se trouvent dans 

la vase et dans les bords du marais, au plus A quatre pieds de profondeur, suivant le rapport que nous en a fait feu le général 

Collaud, qui avait été sur les lieux, et qui, en fouillant pendant trois jours seulement, avait recueilli vingt-quatre morceaux. 

Leur abondance y est étonnante. DéjA Croghan croyait y avoir vu des restes de plus de trente individus; mais on en a recueilli 

depuis un bien plus grand nombre. 

Fig. 85. Big-Bone Lick, Boone County, Kentucky, 

from map in Anthony Finley’s ‘A new American atlas,”’ 
f 

{5 weimdionZAY ¥) etc., folio, Philadelphia, 1826, No. 10 (fide P. Lee 
IES 

Phillips, “A List of Maps of America in the Library of 
Congress,” 1901, p. 838). 

This map is of great historic interest as showing one 

of the birthplaces of vertebrate paleontology in America. 

f Visited by the French officer Longueil, mentioned and 

Jaa ous >) yA / < also fully described by Buffon, Blumenbach, and 

/ \ especially Cuvier, founder of vertebrate paleontology. 
The Mastodon in the New World took the part played 
by the Mammoth in the Old World, in fact, it is re- 

markable that Hlephas americanus Kerr (1792) antici- 

pates Elephas primigenius Blumenbach (1799). 

GENOTYPE 

Locauity: 

Bia-Bone Lick, 

KENTUCKY 
), \ an ? 

rf 2 e 7 A 

tw” ES So AR 
: 8 \ 

In the following generic list only the chief specific names applied to the American Mastodon are included; a 

full list of this polynomial species is given below under the heading “Mastodon americanus” (p. 165). 

CHRONOLOGIC ORDER OF DISCOVERY AND PRELIMINARY DESCRIPTION 

See Figure 86 

OrrIGgINAL NAMB SpeciFic REFERENCE IN PRESENT 

Memorr 
1705 New York First mention of fossil remains near Albany, New York. 

1714 First published account of two teeth and a thigh bone found 

thirty miles south of Albany, New York, on the Hudson 

River. 

1739 Big-Bone Lick, First fossil remains found by Indians in the Big-Bone Lick, 

Ohio River Ky., near the Ohio River, and given to a French officer 

by the name of Longueil; subsequently mentioned by 

Buffon, Blumenbach, and Cuvier. 

1778 = io A single molar tooth from the Ohio River figured by Buffon 

(Fig. 84 B). 

1. 1792 tf S JHMATHOS CRAIGS INSU G5 No pa heouen ob ae aaseapoadansoos = Mastodon americanus 

2. 1797 ue Ee Onveaincogminmeblimenbach na neeeneeie ene eee eee oS 4 

2. 1799 os if Mammunonioicun Blumenbacht,) sees... 0se eee eee tf 2) 

3. 1803 if of BIZ DhOSMmocrocennalus7 As Ampere. easiness nee eetes i o 

4. 1806 e “ NGronduVvlastodontei Cuvier acencccnscr ore ee - 

4. 1806 f 3 Mastodanterde UOnto\@uvier-twen- sete Lee en eee o i 

6. 1808(?) “ « Harpagmotherium canadense Fischer de Waldheim (cf. Sherborn, 

1924, p. 1022, “Harpagonotherium canadense, Anim. foss. 

SSIDETION AE cue dussse ys Sida uet Rica m amen aa sn eee = “ a 
ba. 1814 No. America Mastodon Macrodon Rafinesque = HY as 
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CHRONOLOGIC ORDER OF DISCOVERY AND PRELIMINARY DESCRIPTION (Continued) 

Speciric REFERENCE IN PRESENT 
Memoir 

OrIGINAL NAME 

6. 1814 Ohio River Mastotherium megalodon Fischer de Waldheim............... = Mastodon americanus 
4. 1817 Ly Mastodon giganteum Cuvier. . = rs as 
4. 1824 aS = Mastodon maximus Cuvier . : = di a 
7. 1854 Canada Elephas Rupertianus Richardson, “Swan River, Lake Winni- 

Pegivadin CANARY ci ererd eta eee Rels yale sea chess bus vane = Mastodon americanus rupertianus 
[1835 Russia Mastodon podolicum HWichwald.........................-.. =Deinotherium podolicum (see Chap. IV, 

p. 85)] 
4, 1868 Ohio River Mastodon americanus Kerr [Leidy]. First use of Kerr’s 

specific name in America.. . = Mastodon americanus 
8. 1890 §. Carolina Mastodon rugosidens Leidy, Beaufort C ounty.. = Mastodon americanus rugosidens 
9. 1894 Russia Mastodon ohioticus ref., Pavlow, Podolia.. ; Ae = Mastodon sp. (?). See No. 26 below 

10. 1901 Faytim Palxomastodon Beadnelli Andrews, Egypt.. eceeeeeaesse.. =Palxomastodon beadnelli' 
11. 1905 o Palzomastodon parvus Andrews, Egypt...................=Paleomastodon parvus' 
12. 1914 Iowa Mammut progenium Hay, Harrison County................= Mastodon progenius 
13. 1919 Hungary Mastodon (Mammut) americanus Penn. forma praetypica 

PCHLeSINGer ane meme ae a Nhe costes wages aem Speen = Pliomastodon americanus praety pica 
14. 1921 Nebraska Mastodon matthewt Osborn, Sioux County... . = Pliomastodon matthewt 
15. 1921 Nevada Mastodon merriami Osborn, Thousand Creek, ‘Humboldt 

COM noes rraaae thrash cuise erely nce mn aie sigs, and Gena = Miomastodon merriami 
16. 1921 Hungary Mastodon tapiroides americanus (Schlesinger in Osborn)... = Miomastodon tapiroides americanus 
17. 1922 Faytim Palxomastodon intermedius Matsumoto, Egypt............=Palzomastodon intermedius' 
18. 1926 Illinois Mastodon americanus plicatus Osborn, Walnut.............. = Mastodon americanus plicatus 
19. 1926 Oregon Mammut oregonense Hay, Baker County...................=Mastodon oregonensis 
20. 1930 Florida Pliomastodon sellardsi Simpson, Brewster................ = Pliomastodon sellardsi 
21. 1930 California Pliomastodon verillarius Matthew, Fresno iene! teh Adna's = Pliomastodon verillarius 
22. 1931 Nebraska Mastodon moodiei Barbour, Milford. . = Mastodon moodiei 
23. 1933 New Mexico Mastodon raki Frick, Hot Springs... = Mastodon raki 
24. 1933 Alaska Mastodon americanus alaskensis Frick, 1 near Fairbanks. . = Mastodon americanus alaskensis 
24a. 1934 Nebraska Mastodon grangeri Barbour, near Pender, Thurston Co. .. = Mastodon grangeri 
25. 1935 France Miomastodon depereti sp. nov.,? @hevillyanivan. - ee Groots = Miomastodon depereti sp. nov. 
26. 1935 Russia Mastodon pavlowi sp. nov.,? Pestchana...............-... = Mastodon pavlow? sp. nov. 
27. 1935 Indiana Mastodon acutidens sp. nov.,? Rochester... ........ ....=Mastodon acutidens sp. nov. 

The white dots within the 
The white crosses represent referred specimens. Nos. 24a and 27 
See also geographic distribution map forming the inside cover, or 

Fig. 86. Geographic distribution (according to the numbers in the list above) of the principal species of the Mastodontinae. 

black areas represent the approximate localities where the types were discovered. 
omitted on this map. Nos. 25 and 26 are omitted here but appear on map (Fig. 123a). 

front end-paper, of the present Volume. 

The above list of genera and species shows that there are many gaps in this great Mastodontine phylum to 

be filled by future discovery; also that while the Pleistocene Mastodon stage is well known, the Pliocene and Mio- 

cene stages of Pliomastodon and Miomastodon are known only from a few grinding teeth and tusks. The Oligo- 

cene stage, Palxomastodon, is still very imperfectly known.’ 

'See pages 143-149 below, also Palwomastodontine in Appendix at close of the present Volume. 
*See Appendix at close of the present Volume for description of Miomastodon depereti sp. nov., of Mastodon pavlowi sp. nov., and of Mastodon acutidens sp. nov. 



5. PROGRESSIVE CHARACTERS AND GENERIC DISTINCTIONS OF THE MASTODONTINA 

GENERIC AND SpEciFIc Succession.—As explained in the preceding section, the inclusion of the Lower 

Oligocene genus Palzxomastodon' as a form related to the phylum Mastodontine is provisional and depends 

upon our further knowledge of this relatively rare animal. While we are certain that the true Palzxomastodon 

possesses a longer jaw but a broader and shorter skull than its Lower Oligocene contemporary Phiomia, while the 

superior grinding teeth are comparatively short and broad, and while in the crowns of the superior and inferior 

grinding teeth the proto- and metaconules forbid the ancestral relationship of Palzomastodon to Pliomastodon, 

Miomastodon, and Mastodon, we must await further knowledge of the cranium and of the cutting teeth, also of the 

incisors of Palzomastodon, before we can form a positive opinion on this very important and interesting question. 

Meanwhile we may contrast the characters of these four genera so far as they are known: 

PLEISTOCENE OF EuRASIA AND 

or Nortu AMERICA 

MIocENE AND PLIOCENE (?) OF 

Europe AND oF NortH 

AMERICA 

LowEeR OLIGOCENE OF NortTH 

AFRICA 

Palzomastodon Andrews, 1901 Miomastodon, Pliomastodon Osborn, Mastodon Cuvier, 1817 

1922, 1926 
Palate and grinding teeth relatively Palate and grinding teeth somewhat Palate and grinding teeth relatively 

short and broad. elongated. elongated. 

Dental formula: I$=3=$ Dp} Ps=4 Dental formula: I $=3=3 Dp} P} Dental formula: I $=3=¢ Dp $+ 

Mitzi. Mo=0=s- P9=9=4 (vestigial) M +3. 
Ridge formula: P2¢ P32 P43 Ridge formula: Probably P 43 M 13 Ridge formula: Dp 22 Dp 32 Dp 48 

M 1222 M 2227 M 3224. 
Grinding teeth brachyodont, buno- 

lophodont, with proto- and meta- 

conules (see Fig. 93). No median 

sulcus. 

Grinding teeth with more elevated 

lophs. A median suleus; no conules. 

M13 M23 M3 4+ 
Grinding teeth subhypsodont. A 

median sulcus; no conules. 

Rudimentary third crests in ‘inter- 

mediate molars,’ P 2-M 1. 

Lower jaw and symphysis greatly 
elongated. 

Incisive tusks oval in section, with 

broad enamel band. 

Palzomastodon parvus. 

Palzomastodon intermedius. 

Palzomastodon beadnelli. 

Fully formed third erests in ‘inter- 

mediate molars.’ 

Lower jaw and symphysis mod- 

erately elongated. 

Incisive tusks rounded, with enamel 

band (Miomastodon); without enamel 

band (Pliomastodon). 

Pliomastodon matthew. 

Pliomastodon americanus praetypica. 

Miomastodon tapiroides americanus. 

Miomastodon merriami. 

Third crests fully formed in ‘inter- 

mediate molars.’ 

Lower jaw and symphysis  ab- 

breviated. 

Incisive tusks rounded, without 

enamel band. 

Mastodon americanus. 

Mastodon americanus rugosidens. 

Mastodon americanus plicatus. 

Mastodon progenius. 

Dentau Succession.—The relations of the deciduous premolars, Dp*(?), Dp;(?), of Palzomastodon in dis- 

tinction from the permanent premolars, P*, P,(?), have not been observed. Nor do we know the relations of the 

deciduous premolars to the permanent premolars in Miomastodon or in Pliomastodon. 

According to the observations of Hays (1834) and of Warren (1852, 1855) cited below, the true Pleistocene 

Mastodon americanus agrees with Pleistocene and recent species of the Elephantide in the suppression of the 
permanent premolar teeth; the fourth true superior and inferior premolars, P*-P;, form in the jaw but they do not 
erupt. In Elephas the corresponding permanent teeth, P*-P,, are suppressed entirely. 

‘See pages 143-149 below, also Palwzomastodontine in Appendix. 

138 
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PRINCIPLES OF GRINDING TEETH EVOLUTION, PLATES I, II, II, AND IV 

The succession and relationship of members of the true Mastodontine phylum depend upon our very close 

examination and comparison of the structure of the grinding teeth, as displayed in the accompanying comparative 

figures. As first observed by Lartet, the grinding teeth of the true Mastodon americanus are fundamentally differ- 

ent from those of Mastodon borsoni which Vacek has rightly referred to Zygolophodon. 

Mep1iAn Sutcus.—In the carefully drawn Plates 1, 1, 11, and tv, illustrating the evolution of the grinding 

teeth in Mastodon, Zygolophodon, Turicius, and Stegolophodon, a median longitudinal sulcus separates the exter- 

nal and internal cones both in the superior and inferior molars. This demonstrates that the ancestral probo- 

scidean molar was tetrabunodont, as in Meritherium, not hexabunodont, as in Palzomastodon. 

RipGcE Formut#.—In the carefully drawn figures of the superior and inferior grinders of Palzomastodon the 

construction of the ridge-crests of the grinding teeth should be examined with great care, because it is difficult to 

express the rudimentary condition of the third crest or tritoloph in a formula. It will be seen (Figs. 90B, 91, 92, 

93, 94, 95) that the tritoloph and tritolophid are in a formative stage; the tritoloph is rudimentary even in M® (Fig. 

94D); it consists of a single cone in M', M? (Fig. 91); the éritolophid is completely formed in M, (Fig. 92B); it 

is less fully formed in M, (Fig. 92B). Consequently Palzomastodon is far more primitive than Mastodon in the for- 

mation of the tritoloph and tritolophid, yet it exhibits the ancestral stages in the development of this third crest so 

characteristic of all the Proboscidea. 

By close comparison of all the figures of the upper and lower grinding teeth of Palzomastodon, Miomastodon, 

Pliomastodon, and Mastodon, it is observed: 

(1) That the molar crowns in Palzomastodon are mainly tetrabunodont, i.e., each protoloph (superior) and 

each protolophid (inferior) is composed of a main external bunoid cone and a main internal bunoid cone; in the 

superior molars (Fig. 94D) where the conules persist the main crown is hexabunodont. The presence of proto- 

and metaconules blocking the median sulcus forbids the ancestry of Palzomastodon to Mastodon. 

(2) The vestigial intermediate protoconules and metaconules are observed in the hexabunodont superior 

molars of Palxomastodon intermedius, thus the crested upper grinders are hexabunodont or six coned, whereas 

the lower grinders are subtrilophodont (Fig. 93, M*-Ms;, Fig. 94). This primitive condition of the cones connects 

Palzomastodon with its undiscovered sexitubercular-quadritubercular ungulate ancestors; the conules observed in 

the third superior molar, M°, of P. intermedius (Figs. 93 and 89) are not seen in M? of the same species (Fig. 92) ; 

the conules are vestigial or disappearing structures. 

(3) The protoconules and metaconules of Palzomastodon (Fig. 93) obstruct the suleus of Mastodon. In ad- 

vanced stages of Palzomastodon and of Miomastodon the superior grinders, like the inferior, become trilophodont. 

(4) To the protoloph and -lophid also metaloph and -lophid the superior and inferior grinders, M'*-M,., 

add a rudimentary tritoloph and -lophid or third superior and inferior transverse ridge-crest (Figs. 92 and 94). 

The genesis of the tritoloph and -lophid is very clearly shown in Palzomastodon intermedius (Fig. 92); this tri- 

lophodont structure in all the superior and inferior true molars becomes a distinctive character of the grinding teeth 

in all the Proboscidea, except Deinotherium in which Dp 4 and M, are trilophodont (Figs. 54, 60, 71); conse- 

quently it is an ordinal character. 

(5) In Palzomastodon the fourth superior and inferior premolars exhibit the protoloph and -lophid 

and metaloph and -lophid only, i.e., no tritoloph and -lophid, like the fourth superior premolar of Phiomia 

(Fig. 179). 
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The fourth deciduous premolars of Phiomia, Dp‘-Dp,, also acquire a tritoloph and -lophid. The fourth 

deciduous premolars of Miomastodon and Pliomastodon are not known. The fourth deciduous premolars of Mastodon 

americanus have a fully developed tritoloph and -lophid (see Warren, 1852, p. 213, Pl. v). Consequently a 

trilophodont fourth deciduous premolar appears to be a progressive ordinal character of the Proboscidea. 

(6) Thus the third lophs, tritoloph and tritolophid, are successively established in M*-Ms, in M?-Mg, in M?-M,, 

and in P*-P, by the addition of a third crest. 

Amer. Mus, 18237 Type P. matthewi Amer. Mus. 19248 a Ref. 

fr. mg (rey.) 

outer views 

1/4 nat. size 

Amer. Mus. 13449 Paratype Palaeomastodon intermedius Amer. Mus. 14547 Type 

Fig. 88 

Fig. 87. Crown view of inferior dentition and jaw of Mastodon americanus, 

containing Dps, Mi, Mo, and Mz; anterior lophs. After Warren, 1852, Pl. v, 

one-sixth natural size. Compare figures 150 and 151 of Zygolophodon borsoni. 

‘ REN Fig. 88. Comparison of third inferior and superior grinding teeth of Plio- 

Fig. 87 an mastodon matthewi (upper) and Palzomastodon intermedius (lower), one-fourth 

No natural size. 

(7) The main internal and external bunoid cones in the Mastodontine phylum, namely, in Miomastodon, 

Pliomastodon, and Mastodon, remain separate, they never unite transversely into a completed ridge-crest; thus all 

the Mastodontine remain bunolophodont, they never become fully zygolophodont. 

(8) The passage from extreme brachyodonty to subhypsodonty is observed as follows: (a) In Palzomastodon 

the paired cones or lophs are extremely brachyodont; (b) the cones or lophs in the three successive stages of 

elevation are seen in the ascending species of Miomastodon merriami, Pliomastodon matthewi, Miomastodon 

tapiroides americanus, and Pliomastodon americanus praetypica, as described in the Miomastodon section; (c) 

the summits of the cones are converted into sharply acute ridge-crests, as observed in the unworn grinders of 

Mastodon acutidens (Fig. 135 and PI. 1, L). 

(9) Observe wide differences between Palzomastodon and Phiomia in conules and trefoils: (a) In Palzo- 
mastodon the central conule (Fig. 90) is arrested, proto- and metaconules close the sulcus (Fig. 93); (b) 
in Phiomia the central conules progress strongly (Fig. 90); in the inferior molars of (c) Miomastodon and 
Pliomastodon the ectoconelets expand into trefoil spurs (Fig. 89); in (d) Mastodon americanus rudimentary 
trefoil spurs are observed on ectoconelets below and entoconelets above, the mesoconelets being reduced. 

Summing up, the progressive ‘Mastodontine’ characters are as follows: (1) Early loss of the conules; (2) 
very gradual development of the tritoloph; (3) relatively rapid development of the tritolophid; (4) persistent 
separation by a sulcus of the internal cones from the external cones, hence bilobed; (5) early development of the 
internal cingulum on the superior molars, retarded development of the external cingulum on the inferior molars. 
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Compare PLs. I-rv, pp. 134-135 

Superior Series 
Mastodon americanus, r.M2; r.M® with 4} ridge-crests. 

Fig. 89. Evonurion or THE Morar RivGe-crests IN THE MAsTODONTS, OLIGOCENE TO PLEISTOCENE 

Pliomastodon americanus praetypica, r.M?; r.M*with 4) 

Inferior Series 

Mastodon americanus, r.M2; r.M3 with 4) ridge-crests. 

ridge-crests. 

Pliomastodon americanus praetypica, r.M2; r.Ms with 5 

ridge-crests. 

Pliomastodon matthewi type, r.M° with 3% ridge-crests. Pliomastodon matthewi paratypes, M3 with 4}; ridge-crests. 

Palxomastodon intermedius, r.M® with 2} ridge-crests. 

Miomastodon merriami type, r-Ms with 4) ridge-crests. 
Palxomastodon intermedius, 1.Mg3 with 3 ridge-crests. 

Observe: (1) Inferior molars more progressive than superior molars; (2) a) anterior ridge-crests (protoloph, -lophid) rela- 

tively constant, b) second ridge-crests (metaloph, -lophid) progressively broadening, c) third ridge-crests (tritoloph, -lophid) 

progressively broadening, d) fourth ridge-crests (tetartoloph, -lophid) progressively broadening, e) fifth ridge-crests (pentaloph, 

-lophid) more progressive in M3 than in M®; (3) third inferior molar elongate, gently narrowing posteriorly, third superior molar 

less elongate, more rapidly narrowing posteriorly; (4) absence of median trefoil spurs in Palzomastodon, presence of external 

trefoil spurs in Miomastodon and Pliomastodon: (5) rudimentary ectotrefoil spurs in Mastodon inferior molars. Observe (6) 

that in this figure the grinding teeth of all the true Mastodontine exhibit a median sulcus and four primary conelets on each 

ridge-crest; also a rudimentary trefoil spur extending from the entoconelets cf the superior molars and from the ecto- 

conelets of the inferior molars. (7) In Pal#omastodon intermedius the proto- aud metaconules close the median sulcus. 
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Fina Ripce Formut™.—The ridge formula of the deciduous and permanent teeth of Mastodon americanus 

is as follows (see Warren, 1852, pp. 64-73): 

LowER JAW UprEr JAW 

Dp: small, two ridge-crests, bilophodont. Dp? (?) two ridge-crests, bilophodont. 

Dp; larger, two ridge-crests and talon, bilophodont. Dp? two ridge-crests, bilophodont. 

Dp, three ridge-crests, cingulum, trilophodont, six fangs. Dp? three ridge-crests, trilophodont. 

M, larger, three ridge-crests. M! three ridge-crests, trilophodont. 

Mz three ridge-crests. M? three ridge-crests, trilophodont. 

M; four ridge-crests, with complex talon, tetralophodont. M? four ridge-crests, and small talon, tetralophodont. 

The ridge formula of Mastodon americanus appears to be as follows: 

Dp2% Dp3?# Dp4%? M1% M2? M3 4 Sia 

The dental formula of Mastodon americanus accords with the observations of Hays (1834) and of Warren 

(1852, p.63). It would appear from Warren’s description that the fourth permanent premolar, P*-P,, does not erupt 

in Mastodon americanus. It is known in Serridentinus productus to be a bilobate tooth. Thus the final true 

Mastodon stage in the grinding teeth of the Mastodontine appears to give us the following dental formula: 

Deciduous premolars = Dp**-Dp.4. 

Permanent premolars= P4 in germ, P2, P3 suppressed. 

Permanent molars=M'?-M,3. 

Total number of grinding teeth which come into use in both jaws = 24. 

A ee 

Phiomia osborni 

Amer. Mus. 13468 Type m3 

Palzomastodon beadnelli 
Drawn from cast of type Amer. Mus. 9984 

1/4 nat, size 

MANDIBULAR ConTRASTs: PHIOMIA (UPPER), PALAOMASTODON (LOWER) 
Fig. 90. Superior view of largest known jaws of (A) Phiomia and (B) Palzomastodon superposed for comparison. One-fourth natural size. 

A, Type jaw of Phiomia osborni Matsumoto (Amer. Mus. 13468). Observe: (1) The relatively long, narrow grinding teeth; (2) the ex- 
tremely elongate symphysis extending back between right Ps and left P3; (3) an ancestral shovel-tusker (cf. Amebelodon); incisive alveoli elongate. 

B, Type jaw of Palzomastodon beadnelli Andrews (Cairo Mus. C. 10014), drawn from cast of type (Amer. Mus. 9984). Observe: (1) The 
relatively broad inferior molars; (2) the abbreviated inferior grinding series; (3) the extreme anterior position of mandibular symphysis; (4) 
incisive alveoli rounded, abbreviate. 
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6. CHARACTERS OF PALHZOMASTODON AND ITS INCLUDED SPECIES 

SuPpERFAMILY: MASTODONTOIDEA Osborn, 1921 

Famity: MASTODONTID Girard, 1852 

Subfamily: PAL#moMASTODONTIN subfam. nov. 

Osborn, 1934: The genus Palxomastodon was originally placed by Osborn, following Matsumoto, in the 

family Mastodontid#, subfamily Mastodontine, on the basis of the broad similarity of its grinding teeth to those 

of Mastodon. Recent and more intensive observation compels Osborn to remove Palzomastodon' from its supposed 

ancestral relationship to Mastodon or to any other genus of the Mastodontinee. We must await further knowledge 

of this relatively rare animal before we can determine its phyletic relationships. 

Genus: PALZ OMASTODON Andrews, 1901 

Original reference: Zoologist, 1901, (4), V, Aug. 15, pp. 318, 319, (Andrews, 1901.1); Tageblatt des V Internat. Zool.-Cong., 

Berlin, No. 6, Aug. 16, p. 4. (Published volume, Verhandlungen, 1902, p. 528). (Andrews, 1901.2). 

Genotypic species: Palzomastodon Beadnelli (Andrews, 1901.1, pp. 318, 319). 

Generic CHaracters.—(Matsumoto, 1924.1, p. 3): “A genus of Proboscidea. Skull imperfectly 
known. Palate rather short and wide, as compared with that of the next genus [Phiomia]; judging from 
the form of the palate this genus might be less long-skulled than the next one. Mandible elongated 
anteroposteriorly; mandibular symphysis rather short as compared with that of Phiomia; posterior end 
of symphysis lying a considerable distance anterior to the first cheek tooth (P;); largest and most con- 

spicuous one of mental foramina lying just below the first cheek tooth, and far behind the posterior end 
of the symphysis. Dental formula: It. Ct. P. M$. Ridge formula: Dm+}7;. P#}*. [M*%%"].” Cheek teeth 
markedly brachyodont; last premolars and all molars short and wide, bunolophodont, wearing like 

typically lophodont teeth, attaining rather sharp ridges and very widely open valleys when moderately 
worn; a rudimentary intermediate cusp is present in the anterior valley of each lower molar; no trefoil 

pattern of cusps; surface of enamel rather smooth; basal cingula neither very strong nor very rough.”’ 

As pointed out clearly in Chapter IT, Sections I-IV, the genus Palxomastodon, based on the genotype P. beadnelli 

and now amplified by our present knowledge of the species P. parvus Andrews and P. intermedius Matsumoto, 

represents a group of species entirely distinct from the Phiomia group. Inasmuch as Andrews’ final definitions 

(1906, p. 130) both of the genus Palzomastodon and of the family Paleomastodontide based on this genus are 

entirely founded on the generic characters of Phiomia, we are compelled with regret to abandon Andrews’ defini- 

tion both of the genus Palxomastodon and of the family Paleeomastodontide and to substitute, with a few omis- 

sions and slight modifications, the definition of Matsumoto which is founded on a correct diagnosis of the characters 

of Palxomastodon so far as known. In Palxomastodon the lower incisors are apparently short and rounded; in 

Phiomia they are long and flattened. 

The above generic characters are confirmed and amplified in the three ascending species included within this 

genus and distinguished by measurements as follows: 

Palzomastodon parvus Palxomastodon intermedius Palzomastodon beadnelli 
Andrews, 1905 Matsumoto, 1922 Andrews, 1901 

Length of lower molar series, M.-s, Length of lower molar series, M)-, Length of lower molar series, My-s, 

130-131 mm.; of lower premolar-molar 159-161 mm.; of lower premolar-molar 191-194 mm.; of lower premolar-molar 

series, Ps-M3, 169 mm. series, P3-Ms, 190e mm. series, P3-M;, 279 mm. 

Rarity or PaLaomMAstopon Remarns.—The relative rarity of specimens referable to the three species of 

Palzomastodon is very significant indeed; in the collections of the British, Cairo, and American museums com- 

bined the total number of specimens of teeth and jaws referable to these three species may be approximately 

enumerated as follows: 

*(1935) Now placed in the new subfamily PALAaoMASTODONTIN® (see Appendix). 
*The Matsumoto ridge formula (1924.1, p. 3) of Palwomastodon is apparently a lapsus calami or a misprint. [The ridge formula in Palwomastodon 

beadnelli and P. intermedius is: M 1 24 M 2244 M3 *4) 
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Palzomastodon parvus: 4 specimens Brit. Mus., 1 specimen Amer. Mus., total... ..............-. 5 

Palzomastodon intermedius: 4 specimens Amer. Mus............ 260-0000 eee eee rt eee 4 

Palzomastodon beadnelli: 2 specimens Cairo Mus., 2 specimens Amer. Mus., total................. 4 

Grand total skull, tooth, and jaw specimens certainly referable..................+++++++--- 13 

In the American Museum collection there are seven specimens of Palzomastodon and seventy-nine specimens of 

Phiomia, the relative frequency of Palzomastodon to Phiomia being as one to eleven. 

Osborn, 1934: We observe (Figs. 91-93) that the progressive third superior and inferior molars of Palzomasto- 

don intermedius exhibit the presence of proto- and metaconules, hence hexabunodont; these conules block the median 

sulcus which distinguishes the genera Mastodon, Zygolophodon, Turicius, and Stegolophodon (as shown in Pls. 

L-tv, pp. 134-135). These characters remove Palzomastodon from the ancestry of the Mastodontine. 

| m, Paratyoe /3449 

Fig. 91. Type and paratype specimens of Palzomastodon intermedius Matsumoto, 1922, one-fourth natural 

size. Drawings prepared under the direction of Dr. H. Matsumoto. 

B, Type of Palzomastodon intermedius Matsumoto, 1922, Amer. Mus. 14547 (reversed in drawing). B1, 
Crown view of the same type specimen (reversed in drawing). 

A, Paratype palate of Palzomastodon intermedius (Amer. Mus. 13449); P%, P* drawn in from Amer. Mus. 
14548 (reversed). A1, The same paratype specimen, palatal view. 

outer side 

Fig. 92. Type and paratype 
lower and upper grinding teeth 

of Palzomastodon intermedius 

Matsumoto, 1922. Both figures ee ‘ m2 
two-thirds natural size. as 

B, Crown view, left lower mo- 
lars of type (Amer. Mus. 14547). 

A, Crown view, left upper den- 

tition of paratype (Amer. Mus. 

13449); P*®, P* drawn in from 
paratype specimen (Amer. Mus. B 
14548). 

Palaeomastodon intermedius 
Amer. Mus. 13449 Paratype 

Zw 
Palaeomastodon intermedius 

Amer. Mus. 14547 Type outer side 

2/3 nat. size 

a « 



Palaeomastodon intermedius Palaeomastodon intermedius 

Amer. Mus. 13449 Paratype Amer. Mus. 14547 Type 
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Fig. 93. Key to the hexabunodont upper and lower molar crowns of Palzomastodon intermedius; M3 drawn from the type (Amer. 

Mus. 14547), M® from the paratype (Amer. Mus. 13449). See figure 92A, B, for same type and paratype. Natural size. 

Observe: (1) Relatively broad proportions; (2) hexabunodont crowns of M’, namely, protocone, protoconule, paracone, hypo- 

cone, metacone, metaconule; (3) fundamental arrangement in two transverse crests, i.e., protoloph, metaloph; (4) two intermediate 

cusps, i.e., protoconule, metaconule; (5) lower molar M3 has rudimentary trilophodont crown; (6) both upper and lower molars wholly 

distinct in proportions from those of any species of Phiomia; (7) central conule rudiment in My; (8) absence of median suleus. 

AM13449 

AM. 13431 

AM.13437 AM.14547 

Tig. 94. Detailed studies of: True Palwomastodon intermedius third superior and inferior hezabunodont (D, E) teeth, M*-Ms, 

compared with the essentially tetrabunodont (A, B, C) Meritherium teeth, superior and inferior. From originals and casts in the 

American Museum. All figures natural size. 

A, Meritherium lyonsi ref., right M'* drawn from cast Amer. Mus. 15898. 
B, Meritherium trigodon ref., right superior grinders drawn from Amer. Mus. 13431. 
C, Maritheriwm andrewsi ref., left M-3 drawn from Amer. Mus. 13437. 

D, Palzxomastodon intermedius paratype, third right superior molar, r.M*, Amer. Mus. 13449. 

E, Palxomastodon intermedius type, third left inferior molar, 1.Ms, Amer. Mus. 14547 (reversed in drawing). 
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CoNnFUSION OF PALAOMASTODON BEADNELLI WITH PHIOMIA WINTONI.—As Matsumoto remarks, the greater 

portion of Andrews’ descriptions and all his text figures of Palzomastodon beadnelli, except those of the type 

jaw and teeth, belong not to this species but to Phiomia wintoni. All the principal specimens of skulls and upper 

jaws referred by Andrews to Palzxomastodon beadnelli also appear to belong to Phiomia wintoni, except the 

specimen (Cairo Mus. C.10014a) illustrated in his Pl. xv, fig. 2, representing a fragment of a maxilla with the 

second and third molars, M?-M®, in situ which appears to truly belong to P. beadnelli; these teeth are clearly 

shown to be bilophodont, a generic character of the Palzomastodon superior molars. 

Palwomastodon parvus Andrews, 1905 

For original description and type figure, see pp. 59, 60, of the present 

Memoir. 
Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

This is the smallest and most primitive Palzomastodon known; 

it is probably of much greater geologic age than P. beadnelli, the 

first species discovered. The full characterization of this species 

in the systematic revision of Chapter II above and the compara- 

tive measurements as given by Matsumoto and corrected by Osborn 

leave little to be added. It is a relatively rare animal because it is 

known at present from only five specimens, namely, the type 

(Brit. Mus. 8479a) and three other specimens in the British Mu- 

seum, also referred Amer. Mus. 13497. 

Sprciric Cuaracters.—The specific characters cited in 

Chapter II from Andrews (1905, p. 562) and Matsumoto (1922, 

p. 2, 1924.1, p. 4), together with corrected measurements by Osborn, 

may be summed up in the following sentence: P. parvus is distin- 

guished by (1) Mis 131 mm. as compared with 161 mm. in P. 

intermedius and 194 mm. in P. beadnelli, (2) Ps-M; 169 mm. as 

compared with 190e mm. in P. intermedius and 279 mm. in P. 

beadnelli, (3) molar proportions of M;-s substantially similar to 

those in P. intermedius and P. beadnelli. 

Paleomastodon intermedius Matsumoto, 1922 

Yor original description and type figure, see pp. 63, 64. 
Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

As the name intermedius indicates this animal is intermediate 

in size between Palzomastodon parvus and P. beadnelli; it is more 

progressive than the former species in its molar teeth, the molars 

being relatively narrower. It is known from four specimens only. 

Grotocic Levet or Four Specrmens.—The quarry records 

Larger, more progressive 

Intermediate in character 

Smaller, more primitive 

Smaller, more primitive 

show that the level of the type (Amer. Mus. 14547) is not recorded; 

one paratype (Amer. Mus. 13480) is from Quarry B, another 

paratype (Amer. Mus. 13449) is from Quarry A, while a third, a 

maxilla (Amer. Mus. 14548), is not recorded. As shown in Chapter 

II, systematie revision of Palzomastodon intermedius above, there 

is no means of ascertaining the exact geologic levels of the different 

species of Palzomastodon; all that we can say is that the species 
P. intermedius is well represented by the four specimens in the 

American Museum collection, clearly illustrated in figures 39, 

91-94. 

Palxomastodon beadnelli 

Palzomastodon intermedius 

Palzxomastodon parvus 

Spreciric CHARACTERS.—Osborn confirms Matsumoto’s separa- 

tion and definition of this species and adds the following characters 

which are clearly displayed in figures 92 and 94: (1) The hexa- 

bunodont structure of M®%, less strongly indicated in M? which is 

tetrabunodont; (2) the sublophodont arrangement of the cones and 

conules both in the superior and inferior molars; (3) the arcuate 

arrangement of the superior and inferior molars of opposite sides. 

In addition to the specific characters quoted in full from Matsu- 

moto in Chapter II (Matsumoto, 1922, p. 2, 1924.1, p. 10, and ex- 

tended by Osborn), it may also be pointed out that the grinding 

teeth of P. intermedius, besides being of smaller dimensions 

throughout, are relatively narrower than those in the type of P. 

beadnelli, namely: 

M, M, Ms; 

Palxomastodon beadnelli, type 

INGICESS... nosemene ere: 77 78 68 

Palxomastodon intermedius, 

typennadicesiaarce ser: 64 66 62 

It may be premature, however, to establish these indices as 

specific characters until we secure more material. 

PHYLOGENETIC RELATIONSHIP.—It would also be premature to 

say whether Palxomastodon parvus, P. intermedius, and P. bead- 

nelli constitute an ascending series of species increasing in size, 

losing certain primitive characters and acquiring certain progres- 

sive characters. We must await further evidence which will be 

afforded, first, by the discovery of the complete dental and cranial 

characters of these primitive mastodonts, and, second, by the 

determination of the geologic levels in which they occur. Compar- 

ing Palzomastodon with Phiomia the same question will arise in 

respect to the latter genus, namely, whether the smaller, inter- 

mediate, and larger species constitute an ascending series. Tenta- 

tively the two lines may be arranged as follows: 

Phiomia osborni 

Phiomia wintoni 

Phiomia serridens 

Phiomia minor 

CRANIAL ProportTions.—The cranium of Palxomastodon 

intermedius (Amer. Mus. 13449) constitutes the only evidence we 

have at present as to the proportions of the skull in Palzomastodon 

(see Figs. 91, 39). These proportions are more brachycephalic 

than those of Phiomia, as evidenced (1) by the relatively widely 

arching palatal series, (2) by the harmonically broader and shorter 

grinding series, and (3) by the more widely arching zygomata. 

We may expect to find Palzomastodon with a broader and a shorter 

skull than that of Phiomia, with a large pair of upper and lower 

incisive tusks, probably rounder than those of Phiomia, with a broad 
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enamel band on the concave outer surface of the upper tusks, as in 

the Miocene species of Miomastodon. 
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(Matsumoto, 1924.1, p. 9), as well as the following new compara- 

tive measurements by Osborn: 

DrntTaL MEASUREMENTS AND INDICES IN THE THREE SPECIES OF PALAOMASTODON 

INFERIOR MoLars 

Palzxomastodon beadnelli type, Cairo Mus. C.10014 

Amer, Mus. 13481 “oe “ee 

as intermedius type, Amer. Mus. 14547 

ss & paratype, Amer. Mus. 13480 

a parvus type, Brit. Mus. 8479a (cast Amer. 

Mus. 9976) 
Amer. Mus, 13497 

SupeRIOR MoLars 

| “ “ce 

Palzomastodon intermedius paratype, Amer. Mus. 13449 1. M'M%=150 | 42 34 81/50 42 84/57 46 81 

| r. M'M?=149 | 438 35 811] 50 438 86] 57 45 

DentaL CuHaracters.—The dental characters in P. inter- 

medius are beautifully illustrated in figures 93, 94, and especially 

in figure 92, showing the detail of the upper and lower grinding 
teeth. We observe that both upper and lower grinders are progress- 

ing towards trilophodonty; at the same time the three lobes are 

showing a tendency to unite into three transverse crests, so that 

the term trilophodont exactly describes them. This dental strue- 

ture does not sustain Matsumoto’s generalization that the genus 

Palxomastodon includes the ancestral forms of Mastodon. 

Palwomastodon beadnelli Andrews, 1901 

For original description and type figure, see p. 54 

Fluvio-marine formation of the Fayfiim, Egypt=Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

This is important as the largest and probably the most pro- 

gressive, as well as the first discovered and genotypic species of 

Palzomastodon. 

Grotocic Lrevrt.—Andrews (letter, 1922) informs the writer 

that the large type jaw (see original type figure, Fig. 26) was 

found at the very base of the Fluvio-marine beds, 50 or 100 feet 

below the typical Phiomia level; this genotype jaw (Cairo Mus. 
C.10014), with a very large referred femur (Cairo Mus. C.10017), 

tibia (C.10015), scapula (C.10016), humerus (C.10013), and axis 

vertebra (C.10061), was the only true P. beadnelli material found 

at this locality. This referred limb material (Fig. 96) is very 
important because of (1) its primitive Mastodon-like characters 
and (2) its use in estimating the size and limb proportions of 

Palzomastodon, as shown in Andrews’ restorations. 

Speciric CHARACTERS OF P. BEADNELLI.—The specific char- 

acters are shown in the second type figure by Andrews (Fig. 95), 

in the type jaw as refigured by Osborn in comparison with Phiomia 

osborni (Fig. 90), also in Amer. Mus. 13481 (Fig. 187, Pl. 1, p. 134), 

a right lower third molar, Ms, attached to a small fragment of a 

mandibular ramus from Quarry B, measuring 81 mm. in length 

and 45 mm. in width. See Matsumoto’s definition in the systematic 

revision above; also his detailed comparative measurements 

M,-M3=194 | 48 37 77/65 51 

M,-M3=161 | 42 27 64 | 53 35 66 | 

M 1 M 2 P 3-M 3 

ap. tr. U aps tr. -L-)|aps sures 

78 | 78 53 68 

|81 45 56 

65 40 62 | P;-Ms;=190e 
60 37 62 | 

| P3-M;=279 

M,-M3;=131 | 41 28 68 | 44 32 73 | 438 30 10. | Pale 160 

52 30 soil 

PM? =200e 
79 | P*M?=200e 

SrieniricaNt Morar Inpices.—The dental proportions of 

Palzomastodon are shown in the molar indices M'-M,;, M*Mbp, 

M*-M; as above. The molar indices (I.) in the three species of 

Palxomastodon are printed above as showing the ratio of transverse 

(tr.) to anteroposterior (ap.) measurement; although greatly 

modified by crushing of the teeth (as for example in comparison of 

Amer. Mus. 13481 with Cairo Mus. C.10014) they nevertheless 

serve to distinguish Palzomastodon very clearly from Phiomia, as 

shown in the following contrast: 

Ratios (I.) or BREADTH (TR.) TO LENGTH (AP.) IN PAL&o- 

MASTODON AND PHIOMIA 

M: M. Ms 

Palzomastodon beadnelli type indices 77 78 68 

Phiomia wintoni average............ 68 62 56 

Fig. 95. Second type figure of Palzomustodon beadnelli Andrews, 1901. 

After Andrews’ “Descriptive Catalogue of the Tertiary Vertebrata of the 

Fayim, Egypt,” Pl. xv, figs. 1, 1a, 1906. Original type in Geological Museum, 

Cairo (C. 10014). One-sixth natural size. 

From this comparison we see that whereas in species of 

Palzxomastodon the breadth of Ms; is from 62% to 70% of the 

length, in species of Phiomia the breadth of Ms is from 54% to 
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PALHOMASTODON 

63% of the length. Thus the indices in Palzomastodon of 62% to 

70% are uniformly broader than those in Phiomia of 54% to 63%. 

These molar indices therefore are very profound and significant 

characters, because the molar indices of Palxomastodon point 

towards those of Mastodon; the molar indices of Phiomia point 

towards those of Trilophodon. For example, in Serridentinus 

productus (Amer. Mus. 10582) the third molar indices are 

47-60, the proportions of M; being about the same as in Phiomia 

wintont. 

In Palzomastodon the lower molars are relatively shorter and 

broader; in Phiomia they are relatively longer and narrower. 

There is a less wide contrast in the upper molars. 

CHARACTERS OF THE SKELETON.—Andrews (1906, pp. 145- 

147) observes of the only bones found in the same locality as the 

type of P. beadnelli as follows: 

“ Fore limb.—An incomplete left scapula collected in the same 

locality as the type mandible is the only evidence of that bone yet 

discovered. It is very closely similar to the scapula of Hlephas, 

differing only in the rather slighter prominence of the coracoid 

process and in widening out less rapidly posteriorly above the 

glenoid cavity, the whole blade being probably rather less expanded 

above than in Elephas. The glenoid cavity is an elongated oval, 

the prescapular fossa is extremely narrow, and the process project- 

ing backwards from the middle of the spine in Hlephas here seems 
to be situated a little nearer the glenoid end. In the case of the 

humerus (Pl. xvi. figs. 2, 24) also the only specimen that can be 

definitely determined as belonging to Palxomastodon beadnelli, 
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was collected near the type mandible. In its general character 

this bone is like that of the later Proboscideans, but is somewhat 

stouter and broader in proportion to its length, and approaches 

more nearly some specimens of the humerus of Mastodon with 

which it has been compared... . / A femur (Pl. xvi. figs. 3, 3a) 

from the same locality is the only specimen of that bone in the 

collections of Cairo and London that is definitely Proboscidean in 

character and can be referred to Palzomastodon—a circumstance 

which still further emphasises the extraordinary rarity of bones of 

the skeleton of that animal. . . . A left tibia (Pl. xv. figs. 4, 4) 

from the same locality is, on the whole, like that of the Elephant. 

It is, however, rather more slender in the shaft, and the distal 

articulation differs in several important points. . . . No bones of 

the foot were found with the limb-bones just described, but a 

single calcaneum (text-fig. 51), from some distance off, so nearly 

resembles in essential characters the caleaneum of the later Pro- 

boscideans, more particularly of the Lower Miocene Tetrabelodon 

angustidens, that it may be safely referred to Palzomastodon, and 

from its large size probably belongs to P. beadnelli.”’ 

Andrews combined these materials, probably chiefly refer- 

able to Palzomastodon beudnelli, with other bones probably refer- 

able to Phiomia wintoni to produce his reconstructions of the 

animal. It is probable that the skeletal parts which he referred 

to Palxomastodon parvus belong to the species Phiomia minor. 

Osborn’s restorations of Palzomastodon as a forest browser 

(Figs. 2, 97) are entirely different both as to form and function from 

Osborn’s restorations of Phiomia (Figs. 2, 17) as an ancestral 

shovel-tusker. 

ReEsTORATION (1932) oF PALAOMASTODON AS A ForEsT BROWSER 

By Margret Flinsch, under the direction of Henry Fairfield Osborn 

Skeletal parts after Andrews, 1906, Pls. xv, xv1 (Fig. 96 of the present Memoir) 

Fig. 97. The rarity of Paleomastodon beadnelli in the Fluvio-marine beds, as compared with the great abundance of Phiomia, 

indicates that this was a forest-living animal which rarely entered the Phiomia habitat. Forest-living animals throughout the entire 

Tertiary are not often found fossil in association either with plains-living, palustral, or amphibious forms. For limb proportions of this 

restoration, see figure 96 opposite. Osborn, 1934: The restoration of the primitive proboscis and of the single pair of lower incisive 

tusks may prove to be incorrect; we await further knowledge of the anterior portions of the upper and lower jaws and of the tusks. 



M. americanus 
Amer. Mus. 9845 Ref. 

M. merriami 
Colo. Mus. 92 Type 

Drawn from cast of Type Amer. Mus. 14471 
| 

w=-- M. matthewi 
Amer. Mus. 18238, 18239 

Paratypes 

nS 

Miomastodon merriami. ref. LMx 

M. matthewi ! 
Amer. Mus. 18237 Type 

DI 

tapiroides M, aPiroides. 
amencanus Schles. 

1 

f tapiroiges Schies. 
americanus 

All 1/4 nat. size 

MioceNE AND PLiOocENE TRUE Mastopons, MIoMASTODON AND PLIOMASTODON OF EUROPE AND AMERICA. CompaRE PL. I, pp. 134-135 

Fig. 98. Comparison of the type molars of Miomastodon and of Pliomastodon of the Miocene and Pliocene and of the true Mastodon americanus of the 

Pleistocene of America and Europe. After Osborn, 1921.522, fig. 1, except Al, which is after Frick, 1933, fig. 28. All figures one-fourth natural size. 

A, Type, r.M%, of Miomastodon |= Pliomastodon] matthewi Osborn, Snake Creek B, Pliocene, Nebraska. Amer. Mus. 18237. 

A2, A3, Paratypes of M. [=P.] matthewi. Same locality as type. Amer. Mus. 18238, 18239. 

Al, L.M; of Miomastodon merriami ref., Pawnee Creek formation, Middle Miocene, Colorado (F:A.M. 23345). After Frick, 1933, fig. 28. 

B, Type, |.Mz and r.Ms, of Miomastodon merriami, Virgin Valley formation, Middle Miocene, Nevada, Colo. Mus. 92; cast Amer. Mus. 14471. See also 

figure 99 for superior molars and tusks of same type. 
C, Referred molar, |.M;, of Mastodon americanus, from the phosphate beds of South Carolina, in the American Museum (Amer. Mus. 9845). 

D, D1, Originals after photographs by Schlesinger. Types, 1.Mo-I.Ms, |.M*, Mastodon tapiroides americanus Schlesinger, Tasnid, Usztaté Kom., Hungary. 

Lower Pliocene. Compare Schlesinger, 1922, Taf. x1v, fig. 1 [=Miomastodon tapiroides americanus of the present Memoir]. 
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7. CHARACTERS OF MIOMASTODON AND ITS INCLUDED SPECIES 

SUPERFAMILY: MASTODONTOIDEA Osborn, 1921 
FAMILY: MASTODONTID Girard, 1852 
SuBFAMILY: MasroponTIN® Brandt, 1869—Osborn, 1910. 

Genus: MIOMASTODON Osborn, 1922 

Original reference: Amer. Mus. Novitates, No. 49, p. 4 (Osborn, 1922.564). 

Genotypic species: Mastodon merriami Osborn, 1921. 

GENERIC CHARACTERS OF MIOMASTODON (COMPARE OSBORN 1922.564, Pp. 4).—A genus of the 
Mastodontine apparently directly ancestral to Pliomastodon and Mastodon. Skull and skeleton 
unknown. Dental formula incompletely known: 1:3 Dp} P} M+. Incisive tusks with broad enamel 
band, broadly suboval in section, downturned (M. merriami). Grinding teeth somewhat more elevated 
than in Palzomastodon; much less elevated (subhypsodont) than in Mastodon. Ridge formula prob- 
ably: P4% M1%M2%M3;45. Crests on the ‘intermediate molars’ probably fully formed, i. e., 
trilophodont. Internal and external lobes (i.e., cones) of each loph separated by median or longitudinal 
sulcus, as in Mastodon; summit of each lobe (i.e., cone) double or bifid (Fig. 98B) as in Mastodon, unlike 
Palzomastodon in which there is no longitudinal sulcus. Each lobe transversely oval in horizontal section 
but less compressed anteroposteriorly than in Mastodon. Lower tusks rodlike, horizontal, vertically 
oval. 

The above generic characters are confirmed, amplified, and slightly modified in the four ascending species 

included within the genera Miomastodon and Pliomastodon and distinguished as follows: 

Miomastodon' Pliomastodon 
Miomastodon merriami Osborn, Miomastodon tapiroides ameri- Pliomastodon americanus prae-  Pliomastodon matthewi Osborn, 

1921. Genotypic — species canus (Schlesinger in Osborn, typica Schlesinger, 1919-1922. 1921. Type (Amer. Mus. 

(Colo. Mus. 92). 1921). Type. (Fig. 98D, Cotypes. (Fig. 103.) 18237); paratypes (Amer. 

D1.) Mus. 18238, 18239). (Fig. 

98A). 
Tusks concave on outer side, Incisive tusks with broad Incisive tusks not determined. Superior(?) incisive tusks 

with broad enamel band, down- enamel band on convex external rounded, upturned, enamel 
and out-turned. Lower tusks surface. Estimated length of third band vestigial or absent. 

rodlike, horizontal, vertically superior molar, M’, 144 mm., Lobes of grinders slightly 

oval. j of third inferior molar, Ms, 190 more elevated or subhypsodont. 
M; measures 179 mm. antero- Ridge-crests brachyodont or mm. M2? measure 246 mm, . Serondinfenor molar, Mz, meas- 

posteriorly, transverse 83 mm.: subhypsodont, as in M. mer- ME, measure 304 mm. In ures85e mm., anteroposteriorly ; 

M23 measure 10}3 in. (=269  riamz; less erect than in P. go. nearly equal to molars of third superior molar, r.M?, 

mm.). matthew?; Mos measure 284 mm. Mastodon — americanus: MP3. gcasunes.. J45e- xine. aankeeb: 

anteroposteriorly. measure 311 mm., Mes measure posteriorly. 

330 mm. 

Middle Miocene of Nevada Lower Pliocene of Hungary. Middle Pliocene of Hungary. Lower Pliocene of Nebraska. 

and Colorado. 

The genotypic species of Miomastodon is Mastodon merriami Osborn (Figs. 98B, 99) from the Middle Miocene, 

Virgin Valley formation, Nevada; it is distinguished by low-crowned grinding teeth, especially by the persistence 

of a broad enamel band on the outer side of the superior incisive tusks. The geologically succeeding species 

Mastodon matthewi becomes genotypic of the new genus Pliomastodon, which entirely lacks the enamel on the 

incisive tusks, as also probable in Mastodon americanus praetypica Schles.; moreover, the ridge-crests in Plio- 

mastodon are somewhat more elevated (compare Figs. 89, 98, 102, 394). 

The genotypic specimens (Fig. 98B, 99) from the Middle Miocene of Nevada are now reinforced by the 

more complete referred specimen (Fig. 100) recently discovered by Frick in the Pawnee Creek, Colorado, which 

fortunately reveals the lower jaw and tusks. 

'The new and very primitive species Miomastodon depereti of the Lower Miocene of France is described in the Appendix at the close of the present 

Volume. See also comparative Pl. 1, pp. 134-135, also figs. 138A, and 230D. 
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Discovery oF MIOMASTODON AND PLIOMASTODON IN EuROPE AND AMERICA.—We owe to Schlesinger the dis- 

covery of several very distinctive specimens related to the true Mastodon from the Lower and Middle Pliocene of 

Hungary, to which he gave the name M. tapiroides americanus; original photographs of these specimens were 

kindly forwarded to the author of the present Memoir, who commented (Osborn, 1921.522, p. 2) as follows: 

“There cannot be the least doubt, however, as to the affinity [to the true Mastodon] of the grinding teeth found 

in the Lower Pliocene of Hungary, to which Schlesinger applies the name M. tapiroides americanus. ‘These teeth 

are reproduced herewith (Fig. 1, D, D1) from unpublished photographs, kindly forwarded by the author, to the 

same scale with corresponding grinders (A, Al, A2, A3) from the Lower Phocene, Snake Creek formation, of 

western Nebraska, also with lower teeth (B) from the Middle Pliocene [Middle Miocene, Virgin Valley formation], 

near Thousand Creek, Nevada, and with (C) the posterior lower molar of M. americanus from the American 

Pleistocene.” The figure alluded to in this citation (Fig. 1) is reproduced as figure 98 of the present Memoir, 

the lettering of the plate being unchanged, but with the substitution of M. merriami ref. (A1) for the erroneous 

paratype of P. matthewt. 

Osporn, 1921.—In the same article Osborn (Osborn, 1921.522, p. 2) published under the name of Schlesinger 

the species ‘‘Mastodon tapiroides americanus Schlesinger’’ based, as described in detail below, upon “upper and 

lower grinders from the Lower Pliocene, Tasndd, Usztatoé Kom., Hungary,” embracing “a third left superior 

molar (Fig. 1, D1, see Pl. xm, fig. 5 [error, H. F. O.], Schlesinger), also two left inferior molars, m.-m; (Fig. 1, D, 

see Pl. xrv, fig. 1, Schlesinger). The linear measurement of the crowns agrees closely with that of the Pleistocene 

M. americanus, but the vertical measurement is apparently less, i.e., less hypsodont. This indicates that already 

in the Lower Pliocene the mastodonts had attained the massive proportions of their Pleistocene descendants. 

The lophs are similarly composed and show no trace of a trefoil ridge. There is nothing to debar these Lower 

Pliocene mastodonts of Hungary from the true ancestral line of our Pleistocene Mastodon.” 

The type incisive tusks of Mastodon tapiroides americanus Schlesinger from the Lower Pliocene of Hungary 

agree with the type incisive tusks of Mastodon merriami from the Middle Miocene, Virgin Valley formation, near 

Thousand Creek, Humboldt County, Nevada, in the presence of a broad enamel band; as Osborn observed (op. 

cit., p. 4), ‘“A very important character is the presence of broad enamel bands on the upper tusks (Fig. 2, C, D, E), 

which are perhaps similar to the enamel bands observed by Schlesinger in the true Miocene and _ Plio- 

cene mastodons of Hungary.”’ 

In the same communication (pp. 4, 6, Figs. 1B and 2) the species Mastodon merriami Osborn was founded 

upon two left lower molars and portions of the upper molars and of the two upper tusks (Colo. Mus. 92) discovered 

in April, 1909, in the Virgin Valley formation, Middle Miocene age, near Thousand Creek, Humboldt County, 

Nevada. These teeth, constituting the first evidence of the arrival of the true Mastodon in America, were discovered, 

as described by the geologist Mr. Richard C. Hills, in a formation consisting of more or less stratified voleanic ash 

containing much opalized wood. Mr. Hills presented his priceless specimens to the Colorado Museum of Natural 

History (Colo. Mus. 92) and they were loaned by Director Figgins to the present author and figured as the types 

of Mastodon merriami (op. cit., figs. 1, 2). 

In Science, 1921 (Osborn, 1921.523), these discoveries were summed up as follows: 

If the Mastodon merriami of Nevada proves to be of Middle Miocene age, it will demonstrate that these true 

mastodons came to this country much earlier than we have been led to suppose. 

I am greatly surprised and interested by the Middle Miocene appearance of the true mastodons in America, if the above 

report by Dr. Merriam is correct, as I have no doubt it is. Middle Miocene age is, in fact, quite consistent with the structure of 
the superior . . . tusks, which bear a broad enamel band on a concave outer side, a fact that puzzled me greatly because Dr. 

Schlesinger describes the Lower Pliocene mastodons of Hungary as bearing an enamel band on a convex outer surface. We 

should expect the earlier mastodons to show just the difference in the curvature of their tusks which these two observations 
would indicate. 
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Mipp_e Miocene or AMERICA AND EurAstA.—A year later (1922) Osborn realized that the presence of a 

broad enamel band on the incisive tusks in these three species necessitated their separation from the true genus 

Mastodon, and he accordingly proposed (Osborn, 1922.564, p. 4) for the reception of these species the new genus 

Miomastodon which he defined as below. The genotypic species Mastodon merriami from the Middle Miocene, 

Virgin Valley formation, of Nevada, is the only specimen in which the incisive tusks were found in association 

with the grinding teeth, thus constituting an excellent type. 

The rarity of the true mastodonts in Eurasia and America is attributable to their forest-living habits; they 

occur rarely in Austria, as recently described by Schlesinger of Vienna. The Mastodon merriami of Nevada, as it 

proves to be of Middle Miocene age, demonstrates that these true mastodonts came to America much earlier than 

we have hitherto been led to suppose. Middle Miocene age is quite consistent with the structure of the superior 

incisive tusks, which in M. merriami bear a broad enamel band on a concave external surface, whereas Schlesinger 

describes the Lower Pliocene mastodont M. tapiroides americanus as bearing an enamel band on a convex outer 

surface. We should expect the early true mastodonts to show just the progressive differences in the curvature 

and enamel of the tusks which these two observations would indicate. The species Mastodon merriami from the 

Middle Miocene of Nevada is apparently much more primitive than the species Mastodon matthewi from 

the Pliocene of the Snake Creek formation of Nebraska. 

OsBorn, 1922.—Osborn’s formal description of the genus Miomastodon was.as follows (Osborn, 1922.564, p. 4): 

Miomastodon, new genus 

Genoryric Srecres.—Mastodon merriami Osborn, 1921 . . . from the Virgin Valley formation, Middle Miocene of Nevada. 

Generic Cuaracters.—A member of the true Mastodontine phylum leading into the Mastodon americanus type, distin- 

guished from the true Palzomastodon beadnelli of the Lower Oligocene of the Faytim, Egypt, by rounded, greatly enlarged, up- 

curved superior tusks; form of inferior tusks not certainly known, probably rounded and more or less encased in enamel; distin- 

guished from the true Pleistocene Mastodon americanus by the presence of a broad enamel band extending from the base to the 
21/2 

, summit of the tusk. Ridge formula: M 2 3, M 3 #4“, as compared with the Palzomastodon beadnelli ridge formula: M 2 =| 

M 3 *44; as compared with the Mastodon americanus ridge formula: M 2 3, M 3 745. 

To this genus may at present be referred four species, namely: 

Genotypic species, Mastodon merriami, Middle Miocene, Nevada= Miomastodon merriami. 

Mastodon proavus Cope, 1873, late Middle Miocene, Pawnee Creek, Colorado=Miomastodon proavus {subsequently 

referred by the present author to Serridentinus]. 

Mastodon matthewi Osborn, 1921, Middle Pliocene, western Nebraska=Miomastodon matthewi [now Pliomastodon 

matthew]. : 

Also probably Mastodon tapiroides americanus Schlesinger, Lower Pliocene of Hungary=Miomastodon tapiroides 

americanus. 

The distinctive grinding tooth characters in all these Mastodontinz are: (1) that each loph (protoloph, metaloph, et seq.) is 

composed of a main internal and external bunoid cone; (2) the intermediate conule region does not develop; (3) the earliest 

grinder is tetrabunodont; (4) as the third loph is added it becomes hexabunodont; (5) as the fourth loph is added it becomes 

octabunodont; (6) whereas these four, six, and eight cones heighten (hypsodonty), they never unite transversely into a crest; 

thus none of the Mastodontinz becomes [truly] zygolophodont. 

The broad enamel band of the tusks is apparently placed on the concave surface of the tusk in Miomastodon merriamz, on 

the convex surface of the tusk in Miomastodon tapiroides americanus. 

Muwp te Puiiocene oF Huncary.—In his Memoir of 1922 Schlesinger figures (Taf. xtv-xrx) and describes (pp. 

115, 116, 227-230) a number of beautifully preserved upper and lower grinders under the name M. (Mammut) 

americanus Pennant forma praetypica from the Paleontological Collections of Budapest. Unlike the previously 



154 OSBORN: THE PROBOSCIDEA 

mentioned Mastodon tapiroides americanus of Lower Pliocene age, these teeth are regarded as of “Levantin”’ 

or Middle Pliocene age preceding that of Mastodon [Anancus] arvernensis. Consequently the species M. prae- 

typica is geologically the most recent of all the specific stages heretofore described. 

Through our present knowledge, therefore, there are five species known in Europe and in North America, in 

descending geologic order as follows: 

1919-1922 

1921 

1921 

1921 

1933 

1935 

Mastodon americanus praetypica Schlesinger, Hungary, of 
“Levantin”’ or Middle Pliocene age (fide Schlesinger)...... ......=Pliomastodon americanus praetypica 

Mastodon tapiroides americanus (Schlesinger in Osborn), 
Hungary, of Lower Pliocene age (fide Schlesinger). . : 

Mastodon matthewi Osborn, Lower Pliocene, Snake Creek 
. = Miomastodon tapiroides americanus 

formation, western Nebraska (fide Matthew).. .... ..........=Pliomastodon matthewi 
Mastodon merriami Osborn, Middle Miocene, Humboldt 

County, Nevada, Virgin Valley formation (fide Merriam).......... = Mviomastodon merriami 
Miomastodon merriami ref., Middle Miocene, Pawnee Creek, 

Colorado. . Ltr enh Bie) oR Species nT eee 
Miomastodon depereti ‘sp. nov., |, Lower Miocene, Sables de 

LOrléanaiss Hrancesescmeeeeeecne een: 

. = Miomastodon merriami ref. 

Kereta eons Gas Ge asteacneee = Miomastodon depereti sp. nov. 

Miomastodon merriami Osborn, 1921 

Figures 89, 98, B, 99 
Virgin Valley formation, Middle Miocene, Thousand Creek, Humboldt 

County, Nevada; also Pawnee Creek, Colorado. 

Mastodon merriami Osborn, 1921. “First Appearance of the 

True Mastodon in America,’’ Amer. Mus. Novitates, No. 10, June 

15, 1921, pp. 4-6 (Osborn, 1921.522). Typr.—(Osborn, op. cit., 
pp. 4-6). ‘“‘The type specimens include several bone fragments, 

portions of the two upper tusks, and parts of the upper molars, in 

addition to the well-preserved two lower molars here figured as 
the type. A very important character is the presence of broad 

enamel bands on the upper tusks (Fig. 2, C, D, E), which are 

perhaps similar to the enamel bands observed by Schlesinger in the 

true Miocene and Pliocene mastodons of Hungary. . . . Type: 

Colo. Mus. 92, found in 1909 in the Thousand Creek formation 

[Virgin Valley formation], Humboldt County, Nevada, includes 
two left [now identified as left and right] inferior molars (Fig. 2, A, 

B [Fig. 1,B]; cast Amer. Mus. 14471, also portions of two upper 

tusks [and two superior molars].” TypPr Freurr.—Osborn, 

1921.522, fig. 1,B, p. 3, and fig. 2, p. 5 (Figs. 89, 98, and 99 of the 

present Memoir). 

Type DESCRIPTION (OsBORN, 1921.522, p. 6).—‘‘ The contours 

of these grinding teeth, as seen from above (Fig. 1, B), are convexo- 

(inner side) concave (outer side); the first crest is relatively 

narrow; the second, third, and fourth crests are relatively broad; 

the rudimentary fifth crest is little if any more advanced than in 

M. matthewi; crests two to four exhibit rudimentary intermediate 

cones and the spurs of a trefoil. The presence of an enamel band 

on the tusks and the somewhat more brachyodont character of the 

grinding teeth separate this stage from the M. americanus (Fig. 1, 

TyPE or MIoMASTODON MERRIAMI 

Fig. 99. Type superior molars and tusks of Miomastodon merriami 

Osborn, 1921 (Colo. Mus. 92), Virgin Valley formation, Middle Miocene, 
Nevada. See also figure 98,B. After Osborn, 1921.522, p. 5, fig. 2. About one- 

third natural size. Cast Amer. Mus. 14471. 
A, Two superior grinding teeth, M?, M®, of the right maxilla, internal 

view. B, Same teeth, external view, with 11-inch scale indicated. C, Superior 

tusk of the left side, lateral view. HE, External view of the same tusk. D, 

Superior tusk of the right side, external view. The presence of a broad 
enamel band on the concave outer surfaces of the right and left superior 

tusks is clearly indicated in D and E. 
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C) of the Pleistocene. This species is dedicated to Professor John 

C. Merriam, in recognition of his pioneer work in describing the 

fauna of Thousand Creek.” 
Miocene Type Locauiry.—The assignment of the type 

specimen to the Middle Pliocene of the Thousand Creek formation, 
Humboldt County, Nevada, was erroneous; this error was re- 

peated by the writer in his paper of September 1, 1921 (Osborn 

1921.526, p. 332), but was corrected in the following footnote in 

the same publication: ‘Immediately after the publication of this 

paper the author learned [from Prof. John C. Merriam] that the 
type of Mastodon merriami occurred in beds of Middle Miocene 
age, which makes it geologically older than Mastodon matthewi.”’ 
(Letter, Merriam, June 24, 1921): . “TI appreciate your 

courtesy in naming the Virgin Valley species in my honor. .. . I 

note that Mastodon merriami is referred to the Thousand Creek 
formation. The [type] locality described by Mr. Hills, namely, 

that at which G. D. Mathewson secured his material, is, however, 
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summer of 1909 I went to Thousand Creek to examine the occur- 

rence near there of precious opal. . . . I continued the journey to 

Denio, Oregon. The following morning I left for a ranch on 

Thousand Creek. At the ranch I found specimens of the opal and 

fragments of a Mastodon tooth which my guide, George D. 

Mathewson, said he had found in digging one of the excavations 

along the opal outcrop. This outcrop is situated on a precipitous 

hill about 500 feet above the level of {the stream known as] Thou- 

sand Creek and between the main forks of the creek. . . . Mr. 
Mathewson had already dug out most of the bone fragments and 

thrown them out on the side of the excavation. I dug out a few 

remaining fragments myself and went very carefully over all the 

stuff that had been excavated and thrown out. Sifting was out of 

the question at that time as the ash was so wet as to form a stiff 

mud. I placed all the fragments, including the tusks, into a sack 

which was carried down to the ranch and later packed into a box 

for transportation on the stage 130 miles to the railroad and thence 

FAM.23345 

Fig. 100. Rererrep MIoMASTODON MERRIAMI OsBorN, MippLe MIoceENE OF PAWNEE CREEK, COLORADO 

Modified after Frick, 1933, Figs. 28, 24 

Jaw with tusk (F:A.M. 23345), one-eighth natural size. Molars (F:A.M. 23345, 23337), one-third natural size. 

A-A3, Mandible with second and third molars, also inferior and superior tusks and sections (F:A.M. 23345). 

This appears to be a typical Miomastodon. 

B-B2, Superior molar and tusk, also section, of another individual (F:A.M. 23337). This third superior 

molar, M®, differs from the typical Miomastodon molar with trefoils. 

in the Virgin Valley formation, which is of approximately Middle 

Miocene age, not far from the zone of the Mascall of the John 
Day region. . . . this evidently brings the appearance of these 

Mastodons back to near Middle Miocene.” 
Osborn corrected this geologic error specifically in Science 

(Osborn, 1921.523, p. 108). 
The Colorado Museum record of this specimen is (letter, 

Figgins, February 25, 1921): “No. 92: from the John Day forma- 

tion (Miocene), Thousand Isle Creek, Humboldt county, Nevada, 

found April, 1909, by Geo. D. Mathewson, Denio, Ore.’’ Mr. 

Richard C. Hills writes (letter, March 9, 1921): ‘Early in the 

by express to Denver. The parts must all belong to one individual. 

I spent considerable time in assembling the fragments. In addi- 

tion to the two lower molars, there are parts of the upper molars 

on one side embedded in a portion of the upper jaw. The tusks are 

not entire. You can, however, see the black enamel bands in the 
photographs. We can, if you so desire, furnish other photographs 

showing the upper molars.”’ 
Osborn, 1922: The writer is greatly indebted to Director 

Figgins, also to the geologist, Richard C. Hills for the privilege of 

examining and describing this most important specimen which 

demonstrates the arrival of a member of the true Mastodontine 
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phylum in the Nevada region of America in Middle Miocene time. 

The presence of a broad enamel band on the upper tusks is a very 

important character; these enamel bands are perhaps similar to 

the enamel bands observed by Schlesinger in some of the true 

Lower Pliocene mastodons of Hungary (as recorded in his published 

Memoir) to which he has assigned the name Mastodon tapiroides 

americanus. A significant difference is that in Miomastodon mer- 

riami the enamel is on the outer concave surface of the tusk, where- 

as in the photographs of M. tapiroides americanus furnished by 

Doctor Schlesinger the enamel is on the outer convex surface. 

MIoMASTODON MERRIAMI OF CoLorADo (Fiac. 100).—These 

most welcome specimens (F:A.M. 23345, 23337), discovered by the 

Frick Expedition of 1932 in the classic Pawnee Creek horizon of 

Colorado, were referred by Frick (1933, p. 611, fig. 28) to ‘Mzo- 

mastodon proavus Cope.’ They constitute a most timely and im- 

portant addition to our knowledge of the Middle Miocene genus 

Miomastodon and greatly strengthen Osborn’s theory of the year 

1921 that Miomastodon merriami represents the arrival of ancestors 

of the true Mastodontine in America in Middle Miocene time. 
The specific reference (Frick, 1933) of these specimens to the 

Pawnee Creek type of ‘Mastodon’ proavus Cope was an error, be- 

cause the two fragmentary grinding teeth of M. proavus (see Chap. 

X, fig. 363) clearly exhibit the characteristic serrate spur on both 

sides of the ectoconelet, both in the premolar and the fragmentary 

molar, also the reduction of the contiguous mesoconelet; these 

two features are highly characteristic of the Serridentinz, as pointed 

out in Chapter X, pages 403, 404, where a detailed description with 

figures of Serridentinus proavus is given. In the lower grinders of 

Miomastodon merriami, on the contrary (see especially Fig. 98B, 

type lower grinders of Amer. Mus. 14471), there is no serration on 

the sides of the ectoconelet, but there is a distinct trefoil expansion 

of the contiguous mesoconelet. 

The expanded trefoils 6n the ectoconelets! of the Mastodon- 

tine become more conspicuous as the teeth are worn down, as 

shown in the much worn r.M; of F:A.M. 23345 of the Pawnee 

Creek (Fig. 100). This mesial expansion of the ectoconelet is also 

observed in Miomastodon tapiroides Schles. (Fig. 98 D1), in Plio- 

mastodon matthewi (Figs. 98 A2 and 102), as well as in certain speci- 

mens of Mastodon americanus (Fig. 89—Amer. Mus. 14293, r.M?, 

Amer. Mus. 14294, r.M3); this mesial expansion is therefore char- 

acteristic of the phylum Mastodontine. 

The comparative measurements are as follows: 

Type (Colo. Mus. 92): EY}, Uy, I. 

R.M3 179 80 45 

Referred (F:A.M. 23345): 

R.M; 164 77 47 

Incisive tusk (upper) 

Length 450 mm. 

Vertical diameter 67 

Transverse diameter 56 

Width of enamel band 49 

Incisive tusk (lower) 

Length 250+ 

Vertical diameter 40 

Transverse diameter 35 

PROBOSCIDEA 

New generic and specific characters revealed (Fig. 100) in the 

Pawnee Creek specimens are: (1) Meszal expansion of rudimentary 

trefoils in ento- and ectoconelets, upper and lower; (2) mandibular 

rostrum laterally compressed, abbreviate as compared with T'ri- 

lophodon or Serridentinus; (3) rodlike inferior incisors, vertical 

oval section; (4) downturned superior incisors of moderate length, 

broad enamel band, broadly oval vertical section. 

Miomastodon tapiroides americanus Schlesinger, 

1921, 1922 

Figure 98 

Lower Pliocene, Tasndd, Usztat6 Komitat, Hungary. 

Mastodon tapiroides americanus Schlesinger (in Osborn). 

“First Appearance of the True Mastodon in America,’ Amer. 

Mus. Novitates, No. 10, June 15, 1921, p. 2. Schlesinger’s descrip- 

tion: “Die Mastodonten der Budapester Sammlungen,”’ 1922, Geol. 

Hungarica, II, Fasc. 1, pp. 224-227, Taf. xm, figs. 6, 7, and xiv, 

figs. 1-4. Typn.—A third left superior molar, 1.M?, also two 

left inferior molars, 1.Mo-3. Horizon AND Locatity.—Lower 

Pliocene, Tasnad, Usztat6 Kom., Hungary. Type Fic- 

uRE.—Op. cit., Osborn, 1921.522, p. 3, fig. 1, D, D1 (see Fig. 98D, 

D1 of the present Memoir). 

Typr Description.—(Op. cit., Osborn, 1921.522, p. 2): 

“There cannot be the least doubt, however, as to the affinity [to 

the true Mastodon] of the grinding teeth found in the Lower 

Pliocene of Hungary, to which Schlesinger applies the name M. . 

tapiroides americanus. These [type] teeth are reproduced [redrawn] 

herewith (Fig. 1, D, D1) from unpublished photographs, kindly 

forwarded by the author, to the same scale with corresponding 

grinders (A, ...A2, A8) from the Lower Pliocene, Snake Creek 

formation, of western Nebraska, also with lower teeth (B) from 

the Middle Pliocene [Middle Miocene, Virgin Valley formation], 

[near] Thousand Creek, Nevada, and with (C) the posterior lower 

molar of M. americanus from the American Pleistocene.”’ 

“The upper and lower grinders from the Lower Pliocene, 

Tasnad, Usztaté Kom., Hungary, embrace a third left superior 

molar (Fig. 1, D1, see Pl. xm, fig. 5 [error H. F. O.], Schlesinger), 

also two left inferior molars, mo-m; (Fig. 1, D, see Pl. xrv, fig. 1, 

Schlesinger). The linear measurement of the crowns agrees 

closely with that of the Pleistocene M. americanus, but the vertical 

measurement is apparently less, i.e., less hypsodont. This indi- 

cates that already in the Lower Pliocene the mastodonts had 

attained the massive proportions of their Pleistocene descendants. 

The lophs are similarly composed and show no trace of a trefoil 

ridge. There is nothing to debar these Lower Pliocene mastodonts 

of Hungary from the true ancestral line of our Pleistocene Mastodon.” 

Osborn, 1925: Since the above type description was written 
for Doctor Schlesinger the species has been transferred to the genus 
Miomastodon. The incisive tusks discovered in the same locality 

and probably attributable to the same species appear in the photo- 

graphs furnished by Doctor Schlesinger to bear a broad enamel 

band on the convex external surface; if this determination is 

correct, it would seem that in these Pliocene mastodonts the tusks 

are outwardly convex, as in Mastodon americanus, a progressive 

character; as observed in Miomastodon merriami, the tusks are 

outwardly concave. 

‘Unworn molars of the Mastodontinae clearly demonstrate that the rudimentary trefoil spur springs from the ectoconelets in the inferior molars, from the 
entoconelets in the superior molars. The worn molar gives a false impression that the trefoil spurs arise from the mesoconelets. 



8. CHARACTERS OF PLIOMASTODON AND ITS INCLUDED SPECIES 

SuBFAMILY: MasroponTIN# Brandt, 1869—Osborn, 1910 

Genus: PLIOMASTODON Osborn, 1926 

Original reference: Amer. Mus. Novitates, No. 238, Noy. 30, 1926, p. 1 (Osborn, 1926.706) 

Generic CHARACTERS.—Incisive tusks with enamel band vestigial or wanting, suboval to rounded 

in section, upturned (P. vexillarius) ; ridge-crests with expanded ectotrefoils (P. matthewi); intermediate 

in hypsodonty between Miomastodon and Mastodon. 

Mastodon (Miomastodon) matthewi, the genotypic species of Pliomastodon, is of Lower Pliocene age, whereas 

Mastodon merriami, the genotypic species of Miomastodon, is of Middle Miocene age. In the superior incisive 

tusks of Pliomastodon (genotype) the lateral enamel band is absent; in the superior incisive tusks of Miomastodon 

the lateral enamel band is present. Both of these generic stages are imperfectly known at present. 

This Pliocene stage is based on the species first described by Osborn as Mastodon matthewi (Osborn, 

1921.522, pp. 2, 4), then as Miomastodon matthewi (Osborn, 1922.564, p. 4), and finally made the genotype 

of the genus Pliomastodon (Osborn, 1926.706). This generic stage (Fig. 98) is typified by a right third 

superior molar, r.M® (Amer. Mus. 18237), and by paratypes r.M; (Amer. Mus. 18238) and r.M, (Amer. 

Mus. 18239), also by a referred r.M,; (Amer. Mus. 19248a) and a referred tusk (Amer. Mus. 19248b)—all 

from the Snake Creek B formation of western Nebraska, quarries 1 and 5, as shown in the table (Chap. X, p. 427). 

Associated with these specimens of Pliomastodon were the type and referred specimens of Serridentinus anguirivalis, 

S. nebrascensis, and Rhynchotherium anguirivalis. 

AMERICAN PLIOCENE SERRIDENTINUS AND Mastopon.—During the summer of 1908 an American Museum 

party under W. D. Matthew and Harold J. Cook first collected in the ‘Lower Pliocene” deposits of western Nebraska, 

subsequently known as the Snake Creek beds (Matthew and Cook, 1909, p. 363). The first proboscidean molars 

discovered belonged to the serrated molar group and are now referred to Serridentinus anguirivalis. 

Subsequently, in the seasons of 1916 and 1918, several bunolophodont grinders (Amer. Mus. 18237, 18238, 

18239, and 17217) were also discovered in the same Snake Creek formation; three years later, under the title 

“First Appearance of the True Mastodon in America’’ (Osborn, 1921.522, pp. 2,4), Osborn selected these specimens 

(Fig. 98 A-A3) as the type and paratypes of a new species which he named Mastodon matthewt, in honor of Dr. W. D. 

Matthew the author who first described the new and interesting fauna of the Snake Creek formation. Amer. Mus. 

17217, however, was erroneously figured as a paratype of Mastodon matthewi and has since been made the type of 

Serridentinus anguirivalis Osborn, 1926. The reader is referred to the new figures of the type, paratypes, and 

referred specimens of Pliomastodon matthewi from the Snake Creek B level (Fig. 102), a description of which species 

follows. 

Pliomastodon matthewi Osborn, 1921-1926 

Figures 89, 98, 101, 102 

Snake Creek formation, Lower Pliocene, level B, Sioux County, western 

Nebraska. Collected by the American Museum expeditions of 1916 and 1918. 

Mastodon matthewi Osborn, 1921. ‘First Appearance of the 

True Mastodon in America,’ Amer. Mus. Novitates, No. 10, June 

15, 1921, pp. 2-6 (Osborn, 1921.522). 
Miomastodon matthewi Osborn, 1922. ‘‘Dibelodon edensis 

(Frick) of Southern California, Miomastodon of the Middle Mio- 

cene, New Genus.” Amer. Mus. Novitates, No. 49, Oct. 23, 1922, 

p. 4 (Osborn, 1922. 564). 

Pliomastodon matthewi Osborn, 1926. “Additional New 
Genera and Species of the Mastodontoid Proboscidea.’’ Amer. 

Mus. Novitates, No. 238, Nov. 30, 1926, p. 1 (Osborn, 1926.706). 

Typr DescripTion AND Type Locauity.—(Osborn, 1921.522, 

p. 2): . . . “Subsequently, in 1918, several distinctive specimens 

were found in the same beds which may now be named as the type 

and paratypes of a new species of Mastodon (Mastodon matthew?), 
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Fig. 101. Second type and paratype 

figures of Pliomastodon matthewi Osborn, 

one-third natural size. Compare figure 

98A, A2, A3, also figures 102 and 99. 

in honor of Dr. W. D. Matthew, the author who first described this 

interesting fauna. . . [p. 4] Typx: the right third superior 

molar, Amer. Mus. 18237. ParatyPEs: the right second in- 

ferior [superior] molar (unworn), Amer. Mus. 17217! [this tooth has 

now been made the type of Serridentinus anguirivalis]; the posterior 

portion of a right third inferior molar (more worn), Amer. Mus. 

18238, also of a right second [first] inferior molar, Amer. Mus. 18239. 

The type and paratypes probably belong to four different individu- 

als. . . . The type and Nos. 18238 and 18239 are from the Snake 

Creek B level (Procamelus-Hipparion Zone) of Sioux County, 

Nebraska; the level of No. 17217 is not recorded. The type (Fig. 

1, A) is distinguished by the rapid narrowing of the posterior half 

of the crown of the third upper molar, including the third and 

fourth crests; the fourth crest is extremely narrow and bilobed; 

the rudimentary fifth crest consists of a single cusp. In these 

features M. matthewi is more primitive than the corresponding 

tooth of M. tapiroides americanus (Fig. 1, D1) of the Lower Plio- 

cene of Hungary. The association of the lower molars, Amer. 

Mus. 17217 [error H. F. O.], 18238, 18239, as paratypes is provi- 

sional, because the Snake Creek deposition extended over a long 

period of time and may represent more than two life zones. Of 

these teeth, [m*] presents three unworn pointed crests with the rudi- 

ments of a trefoil (Fig. 1, Al'); in a second [first] molar (. . . A2) 

the trefoil is less apparent: in the third lower molar (. .. A3) it is 

not apparent at all. In the latter tooth, which is probably the 
posterior half of a third lower molar of the right side, the third 

and fourth crests are partly preserved; crest five is represented by a 

broad tuberculate talon.”” Compare figure 98 of the present 
Memoir. 

Specrric CHARACTERS (Fic. 102).—As compared with the 

type molars of Miomastodon merriami (Fig. 98, B), the type and 

paratype molars of Pliomastodon matthewi (Fig. 98, A, A2, A3, 

'See Chap. X, fig. 391, p. 425. 
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Turrp Tyre AND PARATYPE FiGURES OF PLIOMASTODON MATTHEWI 

Fig. 102. Type and paratypes of Pliomastodon matthewi, Snake Creek 

B horizon (upper), western Nebraska, one-half natural size. Type (Amer. 

Mus. 18237), a right third superior molar, r.M*. Paratypes (Amer. Mus. 
18238), a right third inferior molar, r.M3, partly restored; (Amer. Mus. 

18239), a right first inferior molar, r.Mi. For comparison with other 

mastodonts of Snake Creek, see figure 394. 
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and Fig. 102) show a greater elevation (subhypsodonty) and a 

greater anteroposterior compression (lophodonty). The summits 

of the paired lobes, i.e., cones, seem to be somewhat more approxi- 

mated. Another distinctive feature is the posterior narrowing of 

the crown of the third superior molar (Fig. 98, A and Fig. 102). 
Since the original description and figures were prepared (Fig. 

98), another molar tooth (Amer. Mus. 19248a), collected in 1918, 

has been identified as a third inferior molar of the right side, r.Ms. 

In the same quarry (Quarry 5) was found a section of a superior 

incisive tusk (Amer. Mus. 19248b) somewhat abraded by river 

erosion, which shows no sign of the superior enamel band. These 

two specimens have been mentioned as indicating a more recent 

geologic age and with correspondingly progressive characters 

which signalize a new generic stage for which the name Pliomastodon 

(see Osborn, 1926.706, p. 1) seems appropriate (Fig. 101). 

Miomastodon Pliomastodon 

COMPARATIVE MEASUREMENTS = _merriami matthewi 
Type Type and Ref. 

Third superior molar, M®, 

anteroposterior......... 154e 160 

Height of internal cone of 

HICHAIODO 2 eee Soler te 60e 57 (type) 

Third inferior molar, Ms, 

anteroposterior......... 179 194 

tramsverse............. 80 

breadth-length index....... <a 

Height of internal cone of 

metalophid: «.... argc. « 54e 6le 

Superior incisive tusk, I? 
Vertical diameter....... | 92, 90 
Transverse diameter. ... { : 81 

The progressive development of the molar crowns in these 

respective Miocene and Pliocene species may also be carefully 

examined and compared from the following figures: 
Pliomastodon matthewi. Figure 98, A, A2, A3, original type and 

paratype figures; figure 89, type and paratypes in comparison 

with Miomastodon merriami, Pliomastodon americanus praetypica, 

Mastodon americanus, and Palzomastodon intermedius; figure 394, 

new type and paratype figures in comparison with other Snake 

Creek B mastodonts; figures 102 and 101, new type and paratype 

figures. 
Miomastodon merriami. Figure 99, type superior molars and 

tusks; figure 98, type molars in comparison with Pliomastodon 

matthewi, Mastodon tapiroides, and M. americanus; figure 89, type 

molars in comparison with Pliomastodon matthewi, P. americanus 

praetypica, M. americanus, and Palzxomastodon intermedius. 

The above comparative measurements and figures reveal that 
in both Miomastodon merriami and Pliomastodon matthewi the 
crowns of the superior and inferior third molars, M* and Ms, 

narrow posteriorly, the tetartoloph and -lophid have not attained 

the width seen in Mastodon americanus, the pentaloph and -lophid 
are very rudimentary, whereas in Pliomastodon americanus 

praetypica the pentalophid is almost as strong as in M. americanus. 

The distinction between Miomastodon merriami and Pliomastodon 

matthew? is partly seen in the height of the crowns, the lophs in M. 

merriami (e.g., Fig. 98, B) being somewhat less elevated than in 
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P. matthewi (e.g., Fig. 98, A). The progressive difference is not so 

well marked in the grinding teeth as it is in the tusks, as observed 

by comparison of the type of M. merriami (Fig. 99) and new type 

figure of P. matthewi (Fig. 102). 

Pliomastodon americanus praetypica 

Schlesinger, 1919, 1922 

Figures 89, 103, and Pl. 1, pp. 134-135 

Upper(?) Pontian and Levantin age, Middle Pliocene. Batta-Erd, 

Rikoskeresztur, Szentlérinez, and Ajndesk6, Hungary. 

Schlesinger originally described this true species of Mastodon 

from Hungary in his paper of 1919, as cited below, figuring his 

excellent types in Taf. v1, figs. 24. His fina] and more complete 

description appears in his Memoir of 1922. 

Mastodon (Mammut) americanus Penn. forma praetypica 

Schlesinger, 1919. ‘‘Die stratigraphische Bedeutung der euro- 

pdischen Mastodonten,”’ Mitt. Geol. Ges. Wien, XI, p. 142. 

Spy WV 

ay 
aT 

Coryrrs OF PLIOMASTODON AMERICANUS PRAETYPICA 

Fig. 103. Cotypes of Mastodon (Mammut) americanus Penn. forma prae- 

typica Schlesinger selected in the present Memoir, namely, second and third 
right superior molars, r.M**, and second and third left inferior molars, 1.M2-s, 
one-third natural size. Compare Schlesinger, 1922, Taf. xv, figs. 2 and 4. 

Originals in Hungarian National Museum, Budapest. 
Right superior molars, r.M**: Szabadka (=Maria-Theresiopel), Komitat 

Pest, Hungary. 
Left inferior molars, 1.Me-s: Batta-Erd, Komitat Pest, Hungary. 

ORIGINAL DerscripTion.—Schlesinger, 1919, p. 142): ‘‘a) 

Die intermediiiren Molaren (vgl. Tafel v1, Figur 2-4) dieser, friiher 

mit M. Borsoni zusammengeworfenen Spezies, schliessen sich im 

Bau engstens an die vorbesprochene Art an, nur sind die Kronen 

breiter, die Tiler enger. b) Fir die letzten Molaren (vgl. Tafel 

vi, Figur 1, 3, 4) gilt, abgesehen von der héheren Jochformel 

(4X im Ober-, 4X —5 im Unterkiefer) das gleiche. Hier tritt meist 

noch das Merkmal der geringeren und etwas anderen Ausbildung 

der Sperrleisten helfend dazu. Trotzdem ist die Bestimmung 

schwierig und ohne breitere Vergleichsbasis die Trennung von der 

mioziinen Form oft unméglich.” 
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M. [Mastodon] (Mammut) americanus Pennant forma praetypica 

n.f., 1922. ‘Die Mastodonten der Budapester Sammlungen.” 

Geol. Hungarica, Ed. Sep., Tome II, Fase. 1, pp. 115, 116, 

227-230. 

Coryprs.—The cotypes selected for illustration in this Memoir 

are the second and third superior and inferior molars from two local- 

ities, as follows (Schlesinger, 1922, Taf. xv, figs. 2 and 4—same as 

Figs. 3a and 4 of Schlesinger, 1919, Taf. v1, on larger scale): “ Figur 

2: M2%dext. von der Kaufliche [Szabadka (= Maria-Theresiopel), 

(Kom. Pest). Levantin]. . . . Figur 4: Linke Mandibel mit Mo +5. 

Fundort: Batta-Erd, Komitat Pest. Horizont: Oberstes Pontikum 

(Unterplioziin). Wiedergabe aller vier Figuren: } natiirl. Gr.” 

Originals of figures 1 and 3 in the Hungarian National Museum 

of Budapest; of figures 2 and 4 in the Hungarian Reichsanstalt of 
Budapest. Coryrr Locauitres.—Aside from Batta-Erd, Schle- 

singer mentions three other cotype localities, namely, Rakoskeresz- 

ttir, Szentlérinez, and Ajnacsk6é, Hungary. Upper(?) Pontian or 

Levantine age, (?) Middle Pliocene. Coryrr Ficgures.—Schle- 

singer, 1922, Taf. xtv-xrx. These enlarged cotype figures include 

the original figures of Schlesinger, 1919, Taf. v1, figs. 2-4. 

CoMPARISON WITH MasTopoN AMERICANUS.—Schlesinger, 

1922, ‘Die Mastodonten der Budapester Sammlungen,” illustrates 

a large number of grinding teeth of the true Mastodon americanus 

in the collections of Budapest and of Vienna (op. cit., 1922, Taf. 

xy-xxi1) from different localities in the United States, and com- 

pares in great detail the grinding tooth characteristics of Mastodon 

americanus typica with the grinding tooth characteristics of I. 

americanus praetypica and of M. [Zygolophodon| borsoni. He also 

summarizes in several parts of his invaluable Memoir of 1922 the 

resemblances and differences between the Mastodon americanus 

and the M. [Z.] borsonz phyla. 

GEOGRAPHIC DISTRIBUTION OF PLIOMASTODON AMERICANUS 

PRAETYPICA.—The cotypes selected in this Memoir (Fig. 103) are 

from Batta-Erd and Szabadka (= Maria Theresiopel), Komitat 

Pest, Hungary; Schlesinger mentions three other cotype localities, 

namely, Rékoskereszttir, Szentlérincz, and Ajnaesk6. (Schle- 

singer, 1922, p. 229): “Die Zahl der gut horizontierten Fund- 
punkte des M. americanus f. praetypica ist zwar nicht reichlich, 

doch sind es qualitativ hochwertige Stellen. An dreien von ihnen 

(Rakos, Szentlérincz und Batta-Erd) ist eine konkordante Auf- 

einanderfolge oberpontischer und levantiner Bildungen erwiesen; 

in allen Fiillen kamen die Reste von M. americanus f. praetypica 

aus dem mittelplioziinen Niveau.” (Op. cit., p. 230): ‘“Solche 

Belege kénnen bei der Beurteilung einer Frage natiirlich nicht 
iibergangen werden. Ich bin vielmehr der festen Uberzeugung, 

dass M. americanus f. praetypica mit dem Ende des Levantins aus 

unserem Gebiete endgiltig abgewandert ist.” 

Osborn, 1926: In his volume of 1922, Taf. x1v—xrx, Schle- 

singer figures numerous beautifully preserved upper and lower teeth 

from the Pliocene of Hungary which he refers to Mastodon (Mam- 

mut) americanus forma praetypica. As to the geologic age of these 

specimens, Schlesinger considers (op. cit., p. 227) that undoubtedly 

they are of “Levantin age” similar to that of M. arvernensis, 

namely, Upper Pontian [?Middle Pliocene]. As to geographic 

distribution and migration, he remarks as quoted above. 

We may consider as the cotypes the eight grinding teeth 

figured in Taf. x1v—xrx of Doctor Schlesinger’s Memoir. 
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Pliomastodon sellardsi Simpson, 1930 

Figures 104, 105 

Brewster, Florida; Lower Pliocene, Bone Valley formation. 

The type of Pliomastodon sellardsi was first described (1916) 

by Dr. E. H. Sellards, at that time State Geologist of Florida, as 
referable to Mammut progenium? (see Sellards, 1916, p. 95, Pl. x). 

The author pointed out, however, its close resemblance to Mastodon 

americanus but emphasized the longer symphysis. The specimen 

was discovered in the mine of the American Cyanamid Company at 

Brewster and was sent to Doctor Sellards by the late Anton 

Schneider, then superintendent of the company. The right half 

of the mandible was returned to Mr. Schneider at his request and 

has since been mislaid, but the left half of the mandible is available 

at the Florida Geological Survey. Doctor Simpson in connection 

with his description gives three views of the specimen, the missing 

right mandible, internal and external aspects, also superior view of 

both sides, which are reproduced as figures 104 and 105 of the 

present Memoir. 

Pliomastodon  sellardsi Simpson, 1930. ‘‘Tertiary Land 

Mammals of Florida,’ Bull. Amer. Mus. Nat. Hist., LIX, Art. 

III, pp. 203-206. Typr.—‘Left lower jaw with Mp3. 
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Fig. 104. Pliomastodon sellardsi Simpson, type (Fla. Geol. Surv. V3822), 
from Brewster, Florida. Lower jaw with right and left Mo-3, crown view. 
One-fifth natural size. After Simpson, 1930, fig. 30. Compare figure 87, M. 

americanus. 
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Right lower jaw of same individual known 

from photographs, present location un- 

known. Presented by Anton Schneider.”’ 

Fla. Geol. Surv. V3822 (old number 

- 6160). Horizon AND LocaLiry.— 

“Lower Pliocene, Bone Valley Formation, 

pit of American Cyanamid Company, 

Brewster, Florida.” Type Figure.— 

Op. cit., fig. 30, p. 204, fig. 31, p. 205. 
Tyrpr Description.—(Simpson, 1930, 

p. 203): ‘“‘Symphysis elongate, stout lower 

tusks, alveoli about 50 mm. in diameter near 

posterior end. Mefully trilophodont. Fifth 

crest of Ms; less developed than in Mastodon 

americanus, ridge-like, more distinct internal 

cusp and four closely appressed cuspules 

external to it. Cusps more elevated than in 

Miomastodon merriami, less than [in] Masto- 

don americanus, about as in Pliomastodon 

matthewi. Inner side of M; strongly convex, 

outer border straight. First loph distinctly 

narrower than second, and last two lophs 

also relatively narrower than in Mastodon.” 

Measurements 

My, Length 110 mm. 

Width 80 

M; Length 164 

Width (max.), second loph 95 

Height internal cone of first crest—actual 55 mm., estimated 

57 mm. 
Height internal cone of second crest—actual 56 mm., esti- 

mated 59 mm. 
Osborn, 1933: Pliomastodon sellardsi, according to the above 

descriptions of Sellards (1916) and of Simpson (1930), is a most 
welcome addition to the American ancestry of Mastodon ameri- 
canus; it is distinguished by its longer rostrum, with ridge-crests 

intermediate between Miomastodon merriami and Mastodon 

americanus. 

To the same species may be referred a right mandibular ramus 

(Fla. Geol. Surv., V-5376, cast Amer. Mus. 26979), with Ms, Ms; 

measurements of M; 18198 mm., index 54, found at a locality 

not very far from that of the type. 

Pliomastodon vexillarius Matthew, 1930 

Figures 106-108 

From southeast of Coalinga, Fresno County, California. 

goin [=late Pliocene]. Plesippus proversus life zone. 
] Faunal Level. (Stirton, August 8, 1932): ‘The type of Pliomastodon 

vevillarius was found in the upper portion of the Etchegoin section in the 
North Coalinga region. This section has been worked by Ralph Stewart 

(U. 8. Geol. Surv.) who collected isolated teeth of Plesippus proversus and 

Castor californicus as his index fossils. Late Pliocene.” 

The Standard Oil Company of California, in excavating on its 
properties at the north end of the Kettleman Hills anticline, south- 

east of Coalinga, California, discovered the specimen described 

Upper Etche- 

Eapveoee’ 
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Fig. 105. Pliomastodon sellardsi Simpson. Missing part of type. Right lower jaw with Mo2-3, internal 

and external views. One-fifth natural size. After Simpson, 1930, fig. 31. 

by Dr. W. D. Matthew as Pliomastodon vexillarius, the specific name 

signifying “‘standard bearer,” chosen ‘‘in recognition of the very 

important contributions to paleontology made by the Standard 

Oil Company of California in the course of its operations and re- 

searches, and the care which the officers of the company have 

taken to preserve and turn over to scientific museums the collec- 

tions made by their parties and to facilitate in many ways field 

studies and collecting work of this [University of California] and 

other institutions.” Doctor Matthew states (p. 338) that ‘‘ What- 

ever be the final determination as to nomenclature and taxonomic 

status, the skull represents a type of American mastodon hitherto 

known only from teeth and jaw fragments. It is distinguished 

from the long-jawed species by the short jaws and upward curving 

enamelless tusks, from the mirificus group by simple molars with 

little trefoil development, from the ‘American Mastodon’ by the 

shortened skull base with overhanging occiput and the marked 

approach to anteroposterior succession of teeth.” 

Pliomastodon vexillarius Matthew, 1930. ‘‘A Pliocene Masto- 

don Skull from California Pliomastodon vexillarius, N. Sp.,” 

Bull. Dept. Geol. Univ. Calif., XIX, No. 16, pp. 335-348, Pls. 

XLI-XLIv, text. figs. 1, 2. Typr.—Back of skull and 

palatal region approximately complete, zygomata broken but 

parts of them preserved, frontonasal and orbital regions partly 

preserved. Dentigerous portions of both sides of lower jaws com- 

plete, but of the symphysis, angles, and coronoid, little is left. 

Atlas complete, one femur, an astragalus, patella, and parts of 

other limb bones. Crowns of teeth largely missing; most of M?, 
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right and left, and small parts of M’, posterior halves of Ms, 

right and left, preserved, but only the bases of the crowns of the 

remainder of the second and third molars. First molars had been 

lost during life and their alveoli partly closed; second molars well 

worn, third molars unworn in the posterior half, probably lightly 

worn in front. Original in the Museum of Paleontology, Uni- 

versity of California (No. 28301). Horizon AND Locauitry.— 

North end of the Kettleman Hills anticline, southeast of Coalinga, 

Fresno County, California. Upper Etchegoin [=late Pliocene]. 

Tyrer Figure.—Op. cit., Pls. XLI-X.tv, text figs. 1 and 2. 

Grotocic Acre.—(Matthew, op. cit., p. 338): ‘The type and 

only known specimen of the genus is a last upper molar from the 

Snake Creek beds (referred by Matthew to Zygolophodon in 1918 

{made by Osborn in 1921 the type of Mastodon (Pliomastodon) 
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of Vacek’s genus or as a distinct genus, according to the relative 

weight given to one or another of the progressive characters.” 

DIsTINCTIVE GENERIC CHARACTERS.—(Cf. Matthew, op. cit., 

p. 336). Upper tusks large, cylindrical, close together and sub- 

parallel at base, curving gently upward and outward, a narrow 

strip of thin enamel showing at the base on the outer side but no 

clear evidence of enamel beyond the alveolus. Lower tusks prob- 

ably absent. Molar teeth wide, moderately crested, less so than in 

Mastodon, trefoils single, not prominent, valleys open, M 2 tri- 

lophodont, M 3 with 4% crests. The basicranial region of the skull 

is little elevated above palatal plane, much shortened as compared 

with Mastodon, occiput very low and wide, heavily overhanging 

backward instead of nearly vertical as in Mastodon and other 

genera. Posterior nares crowded forward so as to be opposite the 

back of M*; in Mastodon they are considerably behind it. The 

entire basicranial region is thus crowded forward along with the 

condyles, which are scarcely over half as far behind the teeth as in 

Mastodon. This forward crowding is paralleled in some of the 

other mastodontines and in the elephants, but mostly with a much 

Fig. 106. Type skull and jaws of Pliomastodon vexillarius Matthew (Mus. Univ. Calif. 28301). After drawings and photographs kindly furnished the 
present author by the University of California. Compare Matthew, 1930. 

(Left) Palatal and side view of type skull, one-fifteenth natural size. Compare Matthew, 1930, text figs. 1 and 2. 
(Right) Same type skull. Compare Matthew, 1930, Pl. xxi. 

matthewi|) and owing to the crowns of the upper teeth being broken 

off in our skull, exact comparison is impossible. It agrees, however, 

in geological age, and the fauna of the Lower Etchegoin is largely 

composed of the same genera as the Snake Creek fauna, so that 

provisionally I refer the skull to Pliomastodon. As at present 

understood, it represents an advanced stage of the Zygolophodon 

phylum and might be regarded as a progressive species or subgenus 

One-fifteenth natural size. 

higher elevation, especially in the latter group, of the basicranial 

above the palatal plane. The author states that the skull ap- 

parently cannot be placed in any of the better known Mastodon- 
tine genera, and gives its distinguishing characters from Gompho- 

therium, ‘ Serridentinus,’’ Mastodon, Cuvieronius, Anancus, Cordil- 

lerion, Tetralophodon, Pentalophodon, Rhynchotherium, and Choe- 

rolophodon. 
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Speciric CHaractrers.—(Op. cit., Matthew, p. 339): ‘‘ Last 

upper molar with four full crests and a considerable heel behind 

the fourth; in P. matthewi type there are three full crests with the 

fourth half-formed and a small rudiment of the fifth. Comparative 

measurements of this tooth are: 

[Pliomastodon| [Cordillerion'| 

verillarius matthewi — bensonensis 

Antero-posterior length 158 144 191 

Width at anterior end 80 80 99 

Width at fourth crest 71 48 

Fig. 107. Pliomastodon vezillarius, type. Lower jaws, outside and 

occlusal views. One-fifth natural size. After Matthew, 1930, Pl. xxi. 
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Other measurements of teeth and skull— 

P. vexillarius |C.) bensonensis 

M?, dimensions 107 X71 125 88.5 

Diameter of tusk (about a foot be- 

yond alveolus) 165 130 

Width of palate between M' alveoli= 155 120 

Width of palate between M® alveoli = 88 76” 

“The skull compares in bulk with the largest specimens of the 

American Mastodon. ... From ‘Tetralophodon’ edensis this 

species is separated by upcurved tusks lacking enamel band. . . . 

The skeletal parts preserved do not show any remarkable features.”’ 

Osborn, 1933: This interesting communication by Matthew, 

published posthumously, positively establishes Pliomastodon as an 

ancestral stage of Mastodon clearly distinguished by a far more 

primitive cranium, by a “narrow strip of thin enamel” within the 

alveolar base of the tusk, by the probable absence of inferior tusks, 

by the approximation of the condyles to the superior molars (M°), 
by the extreme backward recession of the anterior nares and the 

shortening of the lower jaw, probably also with an unusual width 

of the occipital crest, suggesting an exceptionally large develop- 

ment of the proboscis. 

As to bodily proportions, the type femur (op. cit., Pl. xtrv— 

Fig. 108) is much more massive than that of the Alaskan mammoth 

(Mammonteus primigenius) but indicating a massive body about 

2800 mm., or 9 ft. 24 in., in height at the shoulder. The cranium 

apparently debars this species from direct ancestry of Mastodon 
americanus, for it embraces a number of peculiar characters. It is 

nevertheless most welcome as exhibiting a very distinctive, low- 

browed, flat-crested, abbreviated postcranial region, a very broad- 

crested occipital region, and broadly divergent premaxillary region 

with sharply upturned tusks. These features are clearly displayed 
in the outline and photographs (Fig. 106) after Matthew, 1930. 

An outline restoration of this animal, to the same scale as the 

Warren specimen of M. americanus, is shown in figure 110. 

Fig. 108. Type femur of Pliomastodon vezxillarius Matthew, front and 

side views. After photograph kindly forwarded to the present author by the 
University of California (cf. Matthew, 1930, Pl. xuiv). About one-sixteenth 

natural size. 

'Gidley’s type of ‘Anancus’ bensonensis is now referred to Cordillerion bensonensis (see p. 565 below). 



Fig. 109. Restoration (1933) or MALE AND FEMALE MasToDON AMERICANUS BY MARGRET FLINSCH, 

UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

One-fiftieth natural size 

This restoration is based largely upon a record specimen (Fig. 114) of the American Mastodon in the Geological Museum of the Ohio State University, 

namely, with an estimated shoulder height in the flesh of 10 ft. 2 in.; it also embodies certain characters of the Warren Mastodon. The background is 

taken directly from a snow scene in the Hudson Highlands, near Newburgh, New York, where the Warren Mastodon was found. 
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Fig. 110. Comparatiye RESTORATIONS OF PALMOMASTODON, PLioMAsSTODON, MioMasTopON, Mastopon, ZYGOLOPHODON, AND TURICIUS 

One-hundredth natural size 

Mastodon americanus, Mus. Ohio State Univ., adult bull of maximum size, Turicius turicensis, restored after type specimen of Schinz, in the Zurich 
restored after skeleton (Fig. 114). Collection (Fig. 162). 

Zygolophodon borsoni, restored after grinding teeth from Asti (Fig. 154) 

Pliomastodon vezillarius, Mus. Univ. Calif. 28301, restored aftertype 0d superior and inferior tusks after Schlesinger (p. 211 below). 
cranium and tusks, also femur, as described and measured by Matthew (pp. Palzomastodon beadnelli, as restored by Osborn (Fig. 97) from jaw, palate, 
161-163 above). and skeleton described and figured by Andrews, 1906 (Fig. 96). 

(Osborn, 1934) Palzomastodon is now removed from its supposed ancestral 
Miomastodon merriami, restored after type specimen from Nevada and _ relationship to Mastodon. As here restored, also in fig. 97, p. 149, the mouth 

referred specimen from Colorado (pp. 154-156 above). parts and proboscis may be incorrectly drawn. 
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9. HISTORICAL REVIEW OF THE DISCOVERY OF THE GENUS MASTODON (1705-1935) 

AND OF THE SPECIES MASTODON AMERICANUS (1792-1869) 

NoMENCLATURE.—The full history of this classic name is related in Chapter I, ‘Discovery of the Living and 

Extinct Proboscideans,” in Chapter V, ‘‘History of the Classification of the Mastodontoidea, Families and 

Subfamilies (1705-1927),”’ and again in the introduction of the present chapter (Chapter VI), ‘‘History of the 

Subfamily Mastodontine, the True Mastodonts.” 

The first full summary of the vast generic and specific synonymy was that of Joseph Leidy in his great Memoir 

of 1869, p. 392. In our more recent and searching revision of the nomenclature of the Proboscidea we have found 

only one additional quaint and abortive name, Mastotherium megalodon Fischer de Waldheim, but doubtless 

further bibliographic research will in the future reveal still others. 

Elephas americanus Kerr, 1792, Big-Bone Lick, Kentucky, Tetracaulodon Collinsii Hays, 1834. 

near the Ohio River. Mastodon Ohioticum 1832, Neues Jahrb. f. Min., p. 355, 

Ohio-Incognitum Blumenbach, 1797, same (?) locality. Gervais, 1848-1852. 

Mammut ohioticum Blumenbach, 1799, same locality. Tetracaulodon Godmani Hays, 1834. 

Elephas macrocephalus A. Camper, 1802, same (?) locality. Missourium kochii Koch, 1840, Jefferson Co., Missouri. 

Le Grand Mastodonte Cuvier, 1806, same locality. Leviathan Missourii Koch, 1841, Missouri. 

Mastodonte de V Ohio, Cuvier, 1806, same locality. Tetracaulodon Tapyroides Koch, 1841, Missouri. 

Harpagmotherium canadense Fischer de Waldheim, 1808, Tetracaulodon Osagii Koch, 1841, Missouri. 

Ohio (?) River (ef. Sherborn, 1924, p. 1022, ‘““Harpagono- Tetracaulodon kochii, Koch, 1842, Missouri. 

therium canadense .. . Anim. foss. Siberie.’’). Tetracaulodon Haysii Grant,1842. 

Mastotherium megalodon Fischer de Waldheim, 1814, Ohio. Tetracaulodon Bucklandi Grant, 1842. 

Mastodon giganteum Cuvier, 1817, Big-Bone Lick, Kentucky, Missowrium Theristocaulodon Koch, 1843. 

Ohio River. Mastodon rugatum Koch, 1845. 

Mastodon maximus Cuvier, 1824, Big-Bone Lick, Kentucky, Elephas Ohioticus de Blainville, 1839-1864. 

Ohio River. Mastodon Ohioticus Fale. and Caut., 1845. 

Tetracaulodon Mastodontoideum Godman, 1830, near New- Elephas Rupertianus Richardson, 1854, Swan River, Lake 

burgh, Orange Co., New York. Winnipeg basin, Canada. 

Mastodon Cuviert Hays, 1834. Trilophodon ohioticus Faleoner, 1868. 

Mastodon Jeffersoni Hays, 1834. Mastodon americanus Leidy, 1868. 

To our present knowledge the above names are chiefly synonyms of Elephas [Mastodon] americanus Kerr, but 

it is probable that some of these names were applied to specific or subspecific stages distinct from the type speci- 

men Kerr had in mind, which came from the Big-Bone Lick of Kentucky. We may at present consider only the 

names of Kerr and of Blumenbach, and of the species defined subsequent to Leidy’s Memoir of 1869, which are as 

follows: 

Elephas americanus Kerr, 1792. Mastodon moodiei Barbour, 1931. 

Ohio-Incognitum Blumenbach, 1797. Mastodon raki Frick, 1933. 

Mammut ohioticum Blumenhach, 1799. Mastodon americanus alaskensis Frick, 1933. 

Mastodon rugosidens Leidy, 1890. Mastodon grangeri Barbour, 1934. 

Mammut progenium Hay, 1914. Mastodon pavlowi sp. nov. 

Mastodon americanus plicatus Osborn, 1926. Mastodon acutidens sp. nov. 

DiscOvERY AND DESCRIPTION OF THE OHIO MASTODON FROM GUETTARD, 1752, TO BUFFON, 

1778, AND To CuviER, 1806-1836! 

Cuvier (1821, p. 250) states that the first engraving of “une grande molaire de |’Ohiv”’ is that of Guettard 

(Hist. Acad. Roy. Sci. avee Mémoires, Paris, 1752 [1756], p. 360, Pl. m1, fig. 1 [Pls. 11, 12 of Memoirs]), but that 

the teeth of this animal did not attain real celebrity in Europe until between 1760 and 1770 through the 

Memoirs of Collinson (Phil. Trans., London, LVII, Pt. II, 1768, p. 468) and of Hunter (Phil. Trans., London 

LVIII, 1769, p. 34). 

‘Continued from Chapter V, pp. 118-129 of the present Memoir. 
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The name Ohio, moreover, is historic, since as early as 1765, as we learn from George Croghan’s Journal and 

from Buffon (Buffon, 1778, p. 505): 

dans les contrées voisines de la riviére d’Ohio, environ a 4 milles sud-est de cette riviére, éloignée de 640 milles du fort 

de Quesne, (que nous appelons maintenant Pitsburgh) . . . a vu, aux environs d’un grand marais salé, ot les animaux sauvages 

s’assemblent en certains temps de l’année, de grands os & de grosses dents, & qu’ayant examiné cette place avec soin, il a décou- 

vert, sur un bane élevé du cété du marais, un nombre prodigieux d’os de trés-grands animaux, & que par la longueur & la forme 

de ces os & de ces défenses, on doit conclure que ce sont des os d’éléphans. 

Extracts from Croghan’s Journal, communicated to Benjamin Franklin, appear in Buffon’s Supplement (op. 

cit., p. 507) accompanied by six admirable life-size steel engravings of mastodont grinding teeth, also citations 

from two little Memoirs by Collinson read before the Royal Society of London, in which Collinson remarks 

(Buffon, op. cit., p. 509): 

Le marais salé ot !’on a trouvé les os d’éléphans, n’est qu’é quatre milles de distance des bords de la riviére d’Ohio, . . Les 

ossemens d’éléphans se trouvent sous une espéce de levée ou plutdét sous la rive qui entoure & surmonte le marais 4 cing ou six 

pieds de hauteur; on y voit un trés-grand nombre d’os & de dents qui ont appartenu A quelques animaux d’une grosseur 

prodigieuse ; 

Burron, 1778. Superior GrinDING TreetH (A, Al) oF ZYGOLOPHODON AND (B) oF Mastopon. ORIGINALS SAID TO BE IN THE Parts Museum 

(FIDE Paviow, 1894) 

Fig. 111. Grinding teeth of Zygolophodon borsoni referred (A, Al) and of Mastodon americanus referred (B), after Buffon, 1778, Pls. 1, u, and ry, one- 

fourth natural size. [Inverted by H. F. O.] 

A, Al, Buffon’s figures of the molar of an animal which we now know to be related to Zygolophodon borsoni, found in Russia (“‘la petite Tartarie”), pre- 

sented to Buffon in 1770 by M. le Comte de Vergennes. Observe three to four lobes, i.e., cones or conelets, in each transverse crest. (1778, Pls. rand 11.) 

B, Buffon’s figure of the molar of an animal now known as Mastodon americanus, from Big-Bone Lick, Kentucky, near the Ohio River, sent to Buffon 
by M. Collinson. Observe two lobes, i.e., cones, in each transverse crest, the true Mastodon type. (1778, Pl. rv.) 

Both of these beautifully engraved molar teeth appear to be third superior grinders, M*, although they lack the rudimentary fifth crest or pentaloph 
characteristic of the third superior molars of Mastodon americanus (Fig. 133). 

To Collinson’s characterization, Buffon (op. cit., p. 510) adds: 

Ce que dit ici M. Collinson, est trés-vrai; ces grosses dents molaires différent absolument des dents macheliéres de 
l’éléphant, & en les comparant a celles de l’hippopotame, auxquelles ces grosses dents ressemblent par leur forme quarrée, on 
verra qu’elles en différent aussi par leur grosseur, étant deux, trois & quatre fois plus volumineuses que les plus grosses dents 
des anciens hippopotames trouvées de méme en Sibérie & au Canada, quoique ces dents soient elles-mémes trois ou quatre 
fois plus grosses que celles des hippopotames actuellement existans. 
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Buffon (op. cit., p. 511) rightly compared the mastodont and hippopotamus teeth and rightly concluded: 

. comme on peut le voir en comparant les figures des planches 1, 111 & Iv, avec cellesde la planche vy. Il paroit done certain 

que ces grosses dents n’ont jamais appartenu 4 |’éléphant nia l’hippopotame; . . . je crois done pouvoir prononcer avec fonde- 

ment que cette trés-grande espéce d’animal est perdue. 

In brief, Buffon fully characterized this animal as a mastodont and designated it as an extinct species belong- 

ing to the epoch of the elephants but did not name it. This is sufficient evidence that the name Ohio was very 

prominent in the minds of the naturalists of the period, because the writings of Buffon dominated Europe at the 

time. 

Grand MASTODONTE . PL I. 

Fig. 112. Cuvier’s types of Le Grand Mastodonte, or Mastodonte de l’Ohio, 1806. After Cuvier, 1806.2, Pl. 49 [1], one-half 

natural size. 

(Cuvier, 1836, Atlas, Pl. 19): Fig. 2. Molaire a dix pointes encore intactes, donnée par le duc de Plaisance. Fig. 1. Dent 

i dix pointes en partie usée, du cabinet de Joubert, vue de profil. Fig. 3. Le méme, vue par sa couronne. Fig. 4. Dent a dix 

pointes, rétrécie en arriére, communiquée par feu M. Tonnellier. Fig. 5. Molaire a six pointes A demi usée, d’aprés un dessin de 
M. Blumenbach. 

Cuvier, 1806-1836.—Cuvier practically defined the genus ‘Mastodonte’ in his admirably engraved Planches 

and in the descriptive legends of these plates. In the descriptions he acknowledges his indebtedness for one of the 

drawings to Blumenbach and for one or two of the cotype specimens to Fabri, to Daubenton, to Joubert, and to 

Tonnellier. Referring to Buffon’s idea that the mastodont grinders were those of the “hippopotames gigan- 

tesques,”’ he pointed out that they were distinguished by the worn ‘losanges’ which differed greatly from the worn 

“tréfles de l’hippopotame.”’ 

(Cuvier, 1806.2, p. 293): ‘Notre pl. 1 représente quatre de ces dents de mastodonte A moitié grandeur, Fig. 5 en est une a 

six pointes 4 demi-usées: elle est copiée d’aprés un dessin qu’a bien voulu m’envoyer M. Blumenbach. Nous en avons au Muséum 

trois pareilles, anciennement rapportées par Fabri. Ce sont elles que Daubenton (Hist. nat. XII, n.° 1106, 1107, 1108), et Buffon 

(Epoques de la nature, pl. v) ont prises pour des dents d’hippopotames gigantesques. Elles sont aisées A distinguer par ces losanges, 

dont notre figure donne une idée fort juste, et qui différent beaucoup des tréfles de ’hippopotame. D’ailleurs ’hippopotame n’a 

jamais que quatre tréfles et non pas six.” Compare Daubenton, 1764, p. 77, No. MCXI “ Dent pétrifiée qui a quelque rapport a 
celles de U'hippopotame.”’ 
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ORIGINAL DESCRIPTION OF ELEPHAS AMERICANUS BY Kerr, 1792. No FIGuRE 

Succeeding Buffon’s description (1778) of the American Mastodon but anticipating Cuvier’s description of 

Le Grand Mastodonte, 1806, the Scottish naturalist Robert Kerr proposed the specific name Elephas americanus 

for tusks and grinders found in the ‘Big-bone-swamp’ on the banks of the Ohio. He pointed out that these teeth 

were specifically different from those of the elephant and furnished with a double row of high conic processes 

resembling those of carnivorous animals. This contribution appears in a translation of portions of at that time 

a recent edition of the “Systema Nature” of Linneus, with improvements by Professor Gmelin, entitled, “The 

Animal Kingdom or Zoological System, of the Celebrated Sir Charles Linnzeus,” published in 1792, as follows: 

(Kerr, 1792, p. 116): 2. American Elephant.—Hlephas americanus. In America, on the banks of the Ohio, are found, 

several feet below the surface, in a marshy place called Big-bone-swamp, great numbers of tusks and grinders, supposed by many 

to belong to the Elephant: But the grinders are totally different, being covered uniformly with enamel, and furnished with a 

double row of high conic processes, like those of carnivorous animals; whereas those of the Elephant are composed of alternate 
perpendicular layers of bone and enamel, and are ribbed transversely on their upper surfaces, like those of graminivorous quad- 

rupeds: Hence the species must be entirely different; and Mr. Pennant has chosen to suppose that they have belonged to an 

unknown species of this genus, which he names the American Elephant. Hist. of Quad. n. 71. 

ORIGINAL DESCRIPTION OF THE OHIO-INCOGNITUM BY BLUMENBACH, 1797 

The next name applied to the animal was that of Johann Friedrich Blumenbach, pioneer vertebrate pale- 

ontologist of Germany, who received from the British Museum his type specimen (Fig. 113), a third superior 

molar tooth of the left side. Blumenbach subsequently corresponded and exchanged drawings and notes with 

Cuvier, as mentioned above. 

(Blumenbach, 1797.2, No. 19): Bey jenem fossilen Ungeheuer der priadamitischen 

Vorwelt sind die zackichten Kronen ganz mit einer starken Lage vom so genannten 

Schmelz (substantia dentium vitrea) iiberzogen: da hingegen die Backenzihne beider 

Gattungen des Elephantengeschlechts aus vertical liegenden abwechselnden Schichten 

von Schmelz und Knochensubstanz bestehen. . . . Der vom fossilen Incognitum 

hingegen nach einem ungeheuern am Ohio ausgegrabenen Exemplar, das mir aus 

dem Britischen Museum fiir meine Sammlung iiberlassen worden. 

Osborn, 1922: Ohio-Incognitum is the name and figure cited by de 

Blainville (1839-1864, p. 245). We observe that Blumenbach’s figure of 

Ohio-Incognitum (1797. 2, No. 19) is of a third superior molar of the left side, 

Fig. 113. A. Type left third superior molar with very pronounced internal cingulum. There are four and a third lophs; 
of Ohio-Incognitum Blumenbach, 1797. Repro- ‘ i 
duced in facsimile after Blumenbach, 1797.2, there are two mamillate lobes on each crest in the figure. The above 

No. 19. Same figure in edition of 1810 desig- qeseription by Blumenbach (op. cit., No. 19) shows that he secured this speci- 
nated on the Plate as Ohzo-Incognitum. Techni- = P ‘ A , 
cally a type figure. [=Mastodon americanus.] men from the British Museum as part of its Ohio River collection. 

THE Name MastTopoN AMERICANUS AS ESTABLISHED BY LEIDY, 1868, 1869 

Speciric Name.—Leidy concludes his full revision of the American species of Mastodon, in his great Memoir 

of 1869, with the sentence (Leidy, 1869, p. 240): ‘One of the species, the well known Mastodon ohioticus, or M. 

americanus as I shall hereafter call it, appears to have roamed throughout the continent during the quaternary 

period.” The dates of these species are Hlephas americanus Kerr, 1792, and Mammut ohioticum Blumen- 
bach, 1799; to the best of our knowledge Blumenbach (1799) was the first to use the name Mammut 
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ohioticum; in the Neues Jahrbuch, 1832, p. 355 (see Eichwald), the term Mastodon ohioticum is used, and Leidy 

states in his Memoir of 1869, p. 394, that Gervais used this term ‘ohioticum’ in his ‘‘Zoologie et Paléontologie 

Francaises,” 1848-1852, I, p. 187. The name Mastodon americanus was first used by Leidy in 1868, in Volume 

XX of the Proceedings of the Academy of Natural Sciences of Philadelphia, p. 175, to embrace the Mastodon 

ohioticus or M. giganteus of authors. 

GENERIC NAME.—The generic name Mastodon was universally accepted by paleontologists in all parts of 

the world until 1902, when the vernacular generic term Mammut of Blumenbach (1799) was revived by Hay, 

although subsequent to the vernacular term Ohio-Incognitum of Blumenbach. Unfortunately this vernacular 

synonym ‘Mammut’ entered the American literature between 1902 and 1925 and occurs in the writings of Palmer, 

Lull, Barbour, Stock, Daggett, and others. In Chapter I of the present Memoir, ‘‘Discovery of the Living and 

Extinet Proboscideans,”’ 

Subfamily Mastodontine, the True Mastodonts,’”’ ample reasons are given for the banishment from all future 

proboscidean literature of this barbaric term ‘Mammut.’ 

and in the foregoing pages of the present chapter (Chap. VI), “History of the 

Subsequent to Leidy’s Memoir of 1869 nine species have been proposed, namely, Mastodon rugosidens Leidy, 

1890, ‘Mammut’ progenium Hay, 1914, Mastodon americanus plicatus Osborn, 1926, Mastodon moodiei Barbour, 

1931, Mastodon raki Frick, 1933, and Mastodon americanus alaskensis Frick, 1933. The validity of Leidy’s M. 

rugosidens, 1890, and of Osborn’s M. americanus plicatus, 1926, is a question of further research. Mastodon 

pavlowi, also Mastodon acutidens, a very progressive stage, are proposed by Osborn in the present Memoir (see 

Appendix). In 1934 Barbour described the straight-tusked species Mastodon grangeri from Nebraska (see 

Appendix at close of Volume I for description and figure). 

MSTODON AMERICANUS as 
— "Opie State Univ. 

Tre Larcest Furry Aputr Mate SKELETON oF REcorD; Estimatep SHouLtper Hereut 10 Ferr 2 INcuEs IN THE FLEsH. (SEE Fre. 109) 

Fig. 114. Mounted skeleton of Mastodon americanus from Catawba, Ohio, in the Ohio State University, Geological Museum, after photograph kindly 

sent the present author by Prof. J. Ernest Carman, Chairman of the Department of Geology. Reproduced about one twenty-fourth natural size. 



10. CHARACTERS OF MASTODON AND ITS INCLUDED SPECIES AND VARIETIES 

SuPERFAMILY: MASTODONTOIDEA Osborn, 1921 

Famity: MASTODONTID Girard, 1852 

SuBFAMILY: MASTODONTIN Brandt, 1869—Osborn, 1910 

Genus: MASTODON Cuvier, 1806-1817 

Original reference: Mastodonte, “Sur Le Grand Mastodonte,’’ Cuvier, 1806.2, pp. 270, 272, 293; Mastodon, “Te Régne Animal,” 

Cuvier, 1817, pp. 232, 233. 

Genotypic species: Mastodon giganteum. 

Synonyms: Mastotherium Fischer de Waldheim, 1814, pp. 337-341. 

Generic CHaracters.—Incisive tusks without enamel; superior tusks large and rounded with 
slightly indicated annular ring growths. Inferior tusks straight, cylindrical, variable in old age. 
Marked sexual disparity in female tusks. Permanent premolars suppressed,’ except the vestigial P*-P,. 

Dental formula; [s=3:3 Dp3=#+ Pt (vestigial) Mi-3% 

Intermediate molars, Dp 4-M 2, trilophodont, i.e., with three ridge-crests. Ridge-crests progressively 
elevated, lophodont to subhypsodont. Cingulum of grinding teeth slightly stronger on the inner side 
than on the outer side (in Serridentinus much stronger on the inner side). Grinders bilobate with 
strong median sulcus between the inner and outer lobes. Very rudimentary trefoil spurs on the superior 
inner lobes and on the inferior outer lobes (compare Fig. 133). Summits of lobes simple or crowned with 
small conelets. Progressive elevation, subhypsodonty, of the lobes (ef. Figs. 112, 135). Progressive pli- 
cation of the surface enamel of the grinding teeth (Fig. 120). Progressive development of the third crest 
(tritoloph and -lophid) in intermediate molars; progressive development of the fifth crest rudiment 
(pentalophid) in third inferior molars. Progressive reduction of the rostrum of the lower jaw (see 
M. progenius and M. americanus). 

The above list of generic characters enables us to distinguish clearly the Pleistocene species of the true 

American Mastodon from their Pliocene and Miocene ancestors Pliomastodon and Miomastodon. Whereas M?- 

M, show a rudiment of the fifth crest in Mastodon americanus (Figs. 116, 117), no such rudiment is observed in 

Miomastodon merriami of the Middle Miocene. These progressive characters of the grinding teeth in the Masto- 

dontine phylum are well displayed in figure 98, also in Pl. 1, pp. 184-135. 

Mastodon americanus Kerr, 1792 

Figures 76, 112, 114, 116, 117, 124-126, 128-130, 1382-134, 136, Pl. 1, p. 134 

Big-Bone Lick, Boone County, Kentucky, late Pleistocene, IV Glacial = 

Wisconsin time. 

The history of this classic species is fully recited above in the 

present chapter of this Memoir. Cuvier’s types of the genus 

‘Mastodonte’ (= Mastodon) are reproduced above in figure 112. 

Unfortunately Kerr’s type of the species Elephas [= Mastodon] 

americanus was not figured. 

Tyre Description.—Kerr’s type description is cited in full 

above (p. 168) and need not be repeated here. The type locality, 

however, deserves very careful description. Mastodon americanus 

from Big-Bone Lick, Kentucky, as figured by Cuvier (see Fig. 112 

of the present Memoir) probably belongs to IV Glacial = Wiscon- 

sin time; the molars are much more primitive than those of M. 

acutidens sp. nov. 

Type LocaLiry OF THE SPECIES MASTODON AMERICANUS.— 

locality both of the genus ‘Mastodonte’ (= Mastodon) Cuvier and 
of the species Elephas [= Mastodon] americanus Kerr. This famous 

salt swamp or salt lick was probably visited by the ungu- 

lates for a long period of geologic time, as shown by the latest 

analysis of its contained fauna (see Hay, 1923.1). In the list of 

species by Hay (p. 403) cited below references are made in his 

Memoir on ‘‘The Pleistocene of North America and Its Verte- 

brated Animals” to pages whereon further information is given 

regarding the respective species. 

Hay believes (op. cit., 1923, p. 403) that the Big-Bone Lick 
fauna followed Glaciation III (=Illinoian) and belongs chiefly in 

3rd Interglacial time (=Sangamon interval); he accordingly 

assumes that the animals were buried during the Sangamon stage 

in the interval between the Illinoian (III) and the Wisconsin (IV) 

glaciations; the presence of Mammonteus primigenius in the Big- 

Bone Lick deposits rests (op. cit., p. 146) on the determination of a 

single superior molar tooth with 23-24 plates, which Osborn con- 

siders may be referable to Parelephas jeffersonii. 

‘See page 138 for observations of Hays and of Warren, namely, that P 4 forms in the jaw but does not erupt; it is therefore vestigial. 
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Megalonyx jeffersonii (p. 44). 

Mylodon harlani (p. 44). 

Equus complicatus (p. 202). 

?Tapirus haysii (p. 209). 

Odocoileus virginianus (p. 234). 

Cervus canadensis (p. 243). 

Cervalces scotti. 

Alces americanus. 

Rangifer caribou (p. 247). 

Mastodon americanus rugosidens Leidy, 1890 

Figure 115 

Santee Beds of Beaufort County, South Carolina; Pleistocene. 

Mastodon rugosidens Leidy, 1890. ‘Mastodon and Capybara 

of South Carolina.” Proc. Acad. Nat. Sci. Phila., Vol. XLII, 1890, 

p. 184. Typr.— .. . “complete crown of a last upper [lower| 

molar, strikingly different from that tooth in the common American 

Mastodon . . . looking asif carved out of ebony, as is the case with 

many of the fossils from the same and similar localities.”’ TYPE 

Locauiry.—‘‘It was found in the Santee Beds of Beaufort Co., 8. 
M. rugosidens 

Drawn from 14445 Cast of type 

(outer view) Al 

Tyee or MAstopon 

AMERICANUS RUGOSIDENS 

Fig. 115. Last inferior 

molar of the left side, 1.M3. 

Type of Mastodon rugosi- 

dens Leidy (Philadelphia 

Academy). Drawn from 

east of type (Amer. Mus. 

14445), one-third natural 
size. 

A, Crown view; Al, 

external view; A2, inter- 
nal view. 

1/3 nat. size 

fom A2 

C.” and ‘was presented to the Academy by Mr. James R. 

McKee.” Type Figure.—Drawn from cast of type (Amer. 

Mus. 14445—Fig. 115 of the present Memoir). 
Typr Description.—(Leidy, 1890.2, p. 184): “It is worn only 

on the summits of the anterior pair of lobes, which display the 

usual exposed dentinal areas. Notwithstanding the many species 

of Mastodon which have been recorded in North and South 
America, the present tooth seems to indicate a different one. It 
more nearly resembles the corresponding tooth of the W. floridanus, 

recently described, or that of the M. angustidens of Europe, than 

of the M. americanus. In comparison with the molars of these and 

other known species the tooth is remarkable for the greater propor- 
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306therium bombifrons (p. 255). 

Symbos cavifrons (p. 255). 

Bison antiquus (p. 265). 

Bison bison (p. 270). 

Mammut americanum (p. 128). 

Elephas primigenius (p. 146). 

Elephas columbi (p. 160). 

Ursus americanus. 

| = Mastodon americanus type 

= Mammonteus primigenius ref.(?) 
= Parelephas jeffersonii ref.(?)| 

tionate length of the constituent lobes of the crown and their 

conspicuously wrinkled condition. The wrinkling is longitudinal 

and regular and apparently not the result of an abnormal state. 

Similar wrinkling is observed in some specimens of the same teeth 

in M. americanus, but mainly confined to the intermediate vallies 

of the crown, while it is well produced laterally in the present 

fossil. From the comparatively more prolonged condition of the 

lobes, the summits of the inner ones appear more tapering or 

narrowly pointed than in M. floridanus; while with the fore and 

aft extensions of the same lobes the summits form acute and not 

Fig. 116. Type left third superior molar, |.M®, 

of Ohio-Incognitum Blumenbach, 1797. Repro- 

duced in facsimile after Blumenbach, 1797.2, 

No. 19. Same figure in edition of 1810 desig- 

nated on the Plate as Ohio-Incognitum. {= Mas- 

todon americanus.} 

Fig. 117. Inferior molar of the left side, 1.Ma, of 

Mastodon americanus. One-fourth natural size. The 

record of the specimen, from which this beautiful 
drawing was made by Mr. R. Weber, has been lost. 

obtuse angles as in the latter. Regarding the specimen as indicat- 

ing a previously unknown species, this may be distinguished as the 

MASTODON RUGOSIDENS. 

Comparative measurements of the tooth are as follows: 

M. rugosidens M. floridanus 
Length of crown fore and aft 190 mm. 190 mm. 
Breadth of base at fore part 92 mm. 96 mm. 
Length of second inner lobe 90 mm. 80 mm. 
Length of second outer lobe 80 mm. 62 mm.” 
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Osborn, 1925: The type cast (Amer. Mus. 14445), from the 

original type in the Academy of Natural Sciences, Philadelphia, 

agrees exactly in measurement with Leidy’s description (Leidy, 

1890.2, p. 184) cited above; thus there is no mistaking the type. 

Leidy erred, however, in describing it as “a last upper molar’’; 

it is certainly a last lower molar of the left side, 1.M3, as shown by 

careful comparison of the type with third inferior grinding teeth 

and with the specimen beautifully displayed in figure 117. 

It is doubtful also whether the wrinkling of the enamel, to which 

the specific name rugosidens applies, is actually of specific value. 

Tyre oF MasToDON PROGENIUS 

Fig. 118. Type jaw of ‘Mammut’ progenium Hay, 1914, Pl. xurv, figs. 1 

and 2. From Cox gravel pit, Missouri Valley, Harrison County, Iowa. 
Described by the present author as Mastodon progenius. 

Mastodon progenius Hay, 1914 

Figure 118 

Cox gravel pit, Missouri Valley, Harrison County, Iowa, early Pleisto- 

cene, probably 1st Interglacial, Aftonian age, fide Hay. 

This species is of great interest as representing an early Pleisto- 
cene stage in the development of the true Mastodon. Of 1st Inter- 

glacial or Aftonian age it is much more primitive than the type of 

Mastodon americanus of 3rd(?) Interglacial or Sangamon age. 
Mammut progenium Hay, 1914. “The Pleistocene Mammals of 

Iowa.” Iowa Geol. Surv., 1914, XXIII (Ann. Rept., 1912), pp. 

368-373. Typr.—Lower jaw of a very old animal, with last 
molar in each side of jaw, worn down to the roots. Univ. of Iowa 
No. 292. Horizon AND Locaurry.—Apparently found in 
1910, in the Cox gravel pit, at Missouri Valley, Harrison County, 

PROBOSCIDEA 

Iowa; of Aftonian age. Type Ficure.—Hay, op. cit., 1914, 

Pl. xuiv, figs. 1 and 2. ‘It was described and figured by Calvin 

in 1911 (Bull. Geol. Soc. Amer., Vol. XXII, p. 218, Pls. xx and xx1) 

under the name Mastodon americanus. Figures are here presented 

which are made from the same photographs as those used by Calvin 

. . . but reduced in size” (p. 368). 

Type Description.—(Hay, 1914, p. 369) . . . ‘‘symphysis 

of lower jaw longer than in M. americanum; chin less constricted 

at the symphysis, as viewed from above, and not truncated in 

front. . . . The following are the dimensions of this jaw as furnished 
by the measurements of Calvin and the writer [Hay]. 

Length from front of symphysis to hinder border just 
above theangle:<: 2 aq.-tccraoaas cece cee meee 830 mm. 

Length from front of symphysis to rear of condyles, in 
straight dine: 2) a kracsee ean eee eee eee 920 mm. 

Height of coronoid process above lower border of the jaw 425 mm. 
Height of condyles above lower border of jaw.......... 410 mm. 
eng thot, the sympiiysise: see secereett ar eee naeteenee 212 mm. 
Height of the jaw at the front of m.3.................... 192 mm. 
Thickness of the jaw at the front of m.3................ 120 mm. 
Width of the ascending ramus, from rear of the condyle. 290 mm.” 

The symphysis of M. progenium is relatively much longer 

than in M. americanum; its length equals eighty per cent. of the 

width of the ramus. The rami cease to diverge opposite M; and 

there is even some constriction. ‘Occasionally in the lower jaw of 
M. americanum there is a single tusk, rarely two of them. . . in 

the lower jaw of the extremely old animal under description here, 

both tusks were present. Their presence is indicated by the widely 

open sockets. The vertical diameter of the socket measured, the 
right, is 73 mm.; the transverse diameter, 50 mm. These measure- 

ments show that the tusks were far larger than those now and then 

found in M. americanum. The depth of the socket is 160 mm. 

The measurements show likewise that the tusks were considerably 

compressed, the horizontal diameter being about two-thirds of the 

vertical. What the form and the length of these tusks were, 

beyond the sockets, we can only surmise. . . . In the type jaw the 

lingual gutter is somewhat peculiar in being overhung on each side 

by the upper borders of the jaw. These approach until they are 

only 28 mm. apart. On the outer face of this part of the Jaw the 

surface is concave as it rises to the dental border. In this specimen 

the penultimate molar, m.2, had been pushed out on the right side 

of the jaw before the death of the animal; that of the left side 

seems to have been lost after death, for there remains a part of one 

root. As stated, the crown of m.3 is worn down to its base. The 

grinding surface of the left molar forms a concavity which is sur- 

rounded by a ring of enamel; but on the right side a part even of 

this is missing. This attrition of the tooth had so weakened it that, 

before the death of the animal, the teeth had each split into two 
parts. The inner wall of each had broken at the middle of the 

second crest and the cleft had run backward and outward to near 

the hinder end of the tooth. That this had occurred before death 
is evident, as Calvin remarked, from the fact that the edges of the 

fracture had been rounded off. The right tooth has another cleft, 

which crosses its front; but Calvin concluded that this was a post- 

mortem break. It is not improbable, however, that it happened 

under the strain of chewing just before death of the animal. It is 

evident that the hinder molar had four transverse crests and a 

heel which was essentially a crest.’ 
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REFERRED SPECIMEN.—Left ramus and symphysis of lower 

jaw, figured by Calvin under the name Mammut americanum 

(Calvin, 1909, p. 352, Pl. xxv, fig. 2), referred provisionally by Hay 

to Mammut progenium because of the resemblances of the jaw to 

the type. The referred specimen is figured by Hay on PI. xvii, 

fig. 1; Pl. un, fig. 2. 

Tyepr or Mastopon 

OREGONENSIS 

Fig. 119. Type figures 

of Mammut [= Mastodon} 

oregonense Hay, 1926, figs. 

1, 2, about one-half natural 

size, from Rye Valley, on 

Dixie Creek, Baker County, 

Oregon (Nat. Mus. 4911). A 
second superior molar of the 

left side, 1.M?. The crenulate 
crowns resemble those of 

Mastodon americanus plicatus 

Osborn (Fig. 120), a synonym. 

Mastodon oregonensis Hay, 1926 

Figure 119 

Rye Valley, Dixie Creek, Baker County, Oregon. Probably Pleistocene. 
Compare Mastodon americanus plicatus Osborn, 1926. 

Mammut oregonense Hay, 1926. ‘‘Two New Pleistocene 

Mastodons.” Journ. Washington Acad. Sci., Vol. XVI, No. 2, 

Jan. 19, 1926, pp. 39 to 41. Typr.—A second superior 

molar of the left side, 1.M*?, Nat. Mus. 4911. HorIzON AND 

Locauiry.—This molar was ‘‘found by the Cartwright Brothers, 

placer miners, at Rye Valley, on Dixie Creek, in township 13 

south, range 43 east [Oregon].”” Probably Pleistocene. TYPE 

Figurn.—Op. cit., p. 36, figs. 1 and 2. 
Typr Description.—(Hay, op. cit., 1926, pp. 39 and 40): 

“Tn the U.S. National Museum is a mastodon tooth (Cat. no. 4911) 

which was sent there in November, 1900, by Dr. Waldemar Lind- 

gren, from Baker City, Baker County, Oregon. It had been found 

by the Cartwright Brothers, placer miners, at Rye Valley, on Dixie 

Creek, in township 13 south, range 43 east. Dr. Lindgren reported 
that the tooth had been found in a fluviatile clay bed which had 

formed a part of a bench of auriferous gravels, overlying the 

Payette beds. He regarded the fluviatile clay as of Pliocene age. 
It appears more probable that the bed belonged to the Pleistocene, 
for in it was discovered a tooth of Elephas columbi. . . . The type 

tooth here described and figured is the upper left second molar. 
It has been regarded as belonging to M. americanum, but it is so 

different that the writer ventures to give it a distinct name. The 
tooth had apparently not yet begun to suffer wear; or, if at all, 
only slightly on the first cross-erest. The length is 111 mm.; the 

width of the front end, 74 mm.; of the rear end, 80 mm. The 
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crown presents 3 cross-crests and, in the rear, a talon. The crests 

are high, and the valleys narrow. The ends of the cross-crests 

slope steeply and nearly equally. The summits of the two princi- 

pal cones of each crest are well separated, as follows: First crest, 

38 mm., second, 40 mm., third, 40 mm. . . . All around the tooth 

is a heavy cingulum composed, at the pretrite ends of the valleys, 

of 5 or 6 tooth-like conules. On the posttrite side the conules are 

smaller and more numerous.” 

Mastodon americanus plicatus Osborn, 1926 

Figure 120 

Geologic age uncertain, possibly of Postglacial (IV) or post-Wisconsin age. 

From Walnut, Bureau County, Illinois. 

The type of this species is a superior true molar series of the 

right side, r.M*, from Walnut, Illinois, in the American Museum 

collection (Amer. Mus. 10666). 

Mastodon americanus plicatus Osborn, 1926. “Additional 

New Genera and Species of the Mastodontoid Proboscidea.”’ 

Amer. Mus. Novitates, No. 238, November 30, 1926, p. 1. 

Typr.—Superior true molar series of the right side, r.M'*. Amer. 

Mus. 10666. Horizon aND Locauiry.—Walnut, Illinois. 
Geologic age uncertain, possibly of Postglacial (IV) or post- 

Wisconsin age. Tyre Ficure.—Op. cit., 1926.706, p. 2, fig. 1. 

Sprciric Cuaracters.—(Op. cit., 1926.706, p. 1): “This 

progressive subspecies is distinguished by numerous minor fold- 

ings, valleys, and plications which break up all the surfaces of 

the lophs or lobes and which to a certain degree indent even 

the summits of the ridge-crests.” 

M. americanus 
Amer. Mus. 10666 

1/4 nat. size 

Type oF MASTODON AMERICANUS PLICATUS 

Fig. 120. Type superior true molar series of Mastodon americanus 

plicatus Osborn (Amer. Mus. 10666), from Walnut, Bureau County, 

lllinois. One-fourth natural size. After Osborn, 1926.706, p. 2, fig. 1. 

Compare Mastodon oregonensis Hay (Fig. 119). 

“As in the case of the type of Mastodon rugosidens Leidy, it is 

somewhat doubtful whether these foldings and plications represent 

constant specific characters. Consequently the teeth are given 

merely subspecific rank, pending a fuller study of the dental char- 

acters in the Mastodon americanus molar teeth in America.” 
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Mastodon moodiei Barbour, 1931 

Figure 121 

West Blue River, about nine miles southwest of Milford, Seward County, 

Nebraska. Pleistocene, II Glacial, Kansan. See Pleistocene Correlation Chart 

in Appendix of the present Volume I. 

The type cranium of this species, discovered during the 

winter of 1931, was unearthed, together with the atlas, axis, 

two thoracic vertebre, and ribs, between March and June of the 

same year. It was named by Doctor Barbour Mastodon moodiei, 

after Dr. Roy L. Moodie of the University of Southern California. 

Mastodon moodiei Barbour, 1931. ‘‘The Milford Mastodon, 

Mastodon moodiei, Sp. Noy. A Preliminary Report.’ Neb. 

State Mus., Bull. 24, Vol. I, December, 1931, pp. 203-210 (Barbour, 

1931.3). Typre.—Skull, together with atlas, axis, two thora- 

cic vertebree, ribs, and mandible with teeth. Neb. Mus. 21-38-31. 

Neb Mus. 21-3-31 

INastodon moodiei Barbour 

Fig. 121. 

protruded 6 or 8 feet or more. . . . By the position of the frag- 

ments the tusks were judged to have been 6 to 8 feet in length. . 

MEASUREMENTS 

Transverse diameter of condyle, 5 inches (127 mm.) 

Depth in front of the molar, 7 inches (180 mm.) 

Depth just back of the molar, 6% inches (172 mm.) 

Greatest thickness, 7 inches (182 mm.) 

Length of molar, 6% inches (175 mm.) 

Width of molar, 3% inches (96 mm.) 

Length of mandibular tusks, 934 inches (235 mm.) 

Diameter of tusk, 2 inches (51 mm.) 

The beds which yielded the relics of Mastodon moodiei are 
plainly Pleistocene in age, probably Aftonian.” 

Typr or MAstopoN MOODIEI BARBOUR, THE Mitrorp Mastopon or Nesraska, Morritt Pataw&oNnTOLOGICAL 

Cotuections (Nes. Mus. 21-3-31) 

(Left) Adult mandible with M2, Ms, crown view. About 

one-sixth natural size. 

Rostrum relatively long, laterally compressed; short, blunt 

incisive tusks worn off squarely at tips. Compare figure 87. 

Horizon AND Locatiry.—Dam No. 7, across the West Blue River, 

about nine miles southwest of Milford, Seward County, Nebraska. 

Pleistocene, II Glacial, Kansan. Type Figure.—Barbour, 

op. cit., figs. 130, 131, 132b. See also new figures of type in the 

present Memoir (Fig. 121). 

Speciric CHaracters.— (Barbour, 1931.3, pp. 206, 207, 210): 

“Both mandibular tusks were secured uninjured. They are dense 

and strong and slightly curved. They measure 914 inches (235 

mm.) in length, and the pulp cavity is shallow, measuring but % 

inch (13 mm.) in depth. Each mandibular tusk ends squarely, 

for an indefinite amount has been worn off in some manner. To 

have thus ground them off it seems as though the creature must 

have designedly rubbed his tusks on rocks. Yet the interference 

offered by the great protruding upper tusks must have rendered 

such a procedure impossible. The incisive sheaths show that the 

upper tusks had a diameter of 4 inches, and they must have 

(Right) Type skull and mandible. About one-twelfth 

natural size. 

The mandible exhibits a downcurved rostrum with two 

blunt incisive tusks sharply worn off at the extremities. 

ManpipuLar Tusks 4s RECENTLY OBSERVED BY BARBOUR 

1931).—The mandibular tusks of Mastodon americanus (ef. Barbour, 

1931.1, pp. 163, 164) were waning inheritances from the past, 

which plainly required ages for reduction and suppression, and 

complete elimination was never a reality. In the majority of 

jaws, the inferior tusks are wholly wanting; in others the tusks 
have not been erupted, but lie embedded in the bone; sometimes 

one or two small tusks are erupted; in still other cases large ones 

appear. 
The Warren mastodon in The American Museum of Natural 

History (Fig. 124) had a solitary dwarfed tusk in the mandible, 

and henée was named Tetracaulodon, and the term might still be 

used conveniently to designate mastodons possessed of mandibular 

tusks. The tetracaulodont type of mastodon is not particularly 

rare, for there are two good examples in Amherst. Hay reported 

several, and Warren, studying mastodon jaws, found nine of this 
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type. ‘There is one example in the Nebraska State Museum. In 

the museums of the country many others can doubtless be found 

The presence of mandibular tusks in mastodon jaws is partly a 

sexual character, those with tusks being males, those without, 

females. 
In the Amherst Museum is a jaw from Nine Mile Bottom, 

South Carolina, displaying inferior tusks 14 in. in length (Barbour, 

op. cit., fig. 103), whereas the Warren Mastodon in the American 

Museum shows only one small vestigial mandibular tusk (op. cit., 

fig. 104). In the ‘Monroe mastodon’ of Orange County, New 
York, in the State Museum, Albany, there are two dwarfed and 

irregular mandibular tusks. In the ‘Seward County Mastodon’ 
of Nebraska (Neb. Mus. 11-7—25), the two mandibular tusks 

were probably 12-18 in. in length (op. cit., fig. 106). 

From all these geologic, phylogenetic, and sexual variations 

of the mandibular tusks, we draw the induction that at the begin- 

ning of Pleistocene time not only was the rostrum of the mandible 

much longer than at the close of Pleistocene time, as illustrated in 

Mastodon progenium Hay, but the pair of lower mandibular tusks 

were much more fully developed, as illustrated in the case of the 

‘Seward County Mastodon’ (Barbour, op. cit., fig. 106), which 

was found 75 feet below the surface in interglacial gravels. 

Mastodon grangeri Barbour, 1934 

From near Pender, Thurston County, Nebraska. 

For full description, with figures, of Mastodon grangeri, see 

Appendix of the present Volume I. 

Mastodon raki Frick, 1933 

Figure 122 

From Hot Springs, New Mexico. Pleistocene. 

Mastodon raki Frick, 1933. ‘‘ New Remains of Trilophodont- 

Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. Hist., Vol. 

LIX, Art. IX, pp. 506, 510, 630. Typr.—(Op. cit., p. 630): 

“Right ramus and symphysis and part of left ramus with me-ms. 

F:A.M. 23335.” From Hot Springs, New Mexico. Found in 1927. 

Pleistocene. Typr Ficgurn.—Op. cit., figs. 25A and 29A. 

Type Description.—(Frick, 1933, p. 630): ‘A right and 

broken left ramus with m; alveolus, m2-ms and partial symphysis, 

from the Pleistocene of New Mexico, is of the general proportions 

typical of Mastodon americanus-like forms. On the character of 
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the heel and the ms crown, which is narrower and taller than usual, 

the specimen is referred to a new species.” 

Osborn, 1933: Osborn observes (Fig. 122) that the type third 

right inferior molar exhibits the following: (1) Serrated spurs from 

the ectoconelets, with reduced contiguous mesoconelet; (2) three 

to four conelets on worn inner lobes; (3) traces of cement in two 

anterior median valleys; (4) third inferior molar with well- 

developed pentalophid, crown relatively elongate and narrow (ap. 

Mastodon raki Frick 

Fig. 122. (Upper) Type third right inferior molar, r.Ms, distinguished 

by the unusual prominence of the trefoil crests extending down the slopes of 
the ectoconelets (see 5 below). After Frick, 1933, fig. 25A. About one-half 

natural size. 
(Lower) “ Right ramus and symphysis and part of left ramus with me-ms 

{rev.].” After Frick, 1933, op. cit., fig. 29A. About one-sixth natural size. 

184 mm., tr. 80 mm., index 43), as compared with corresponding 

r.M; of Mastodon americanus (Amer. Mus. 21920, ap. 181 mm., tr. 

93 mm., index 51) and with the large Shawangunk cranium (Amer. 

Mus. 2595, ap. 155 mm., tr. 84 mm., index 54). (5) This molar 

TABLE OF COMPARATIVE MEASUREMENTS OF THE MASTODON RAKI TYPE AND THREE EASTERN 

SPECIMENS OF MaAsTODON AMERICANUS 

| Mastodon raki Type Mastodon americanus 

F:A.M. 23335 A.M. 21920 A.M. 17771 A.M. 2595 | 

New Mexico New York Indiana ‘Shawangunk’ | 

New York | 

-———- a | = 
NEE re 2h. seats icia's Sepeniy wn ahe ate ee 88 mm. 77.5+ mm. 

E2625 A ATs tuiscieie ate ka cca ws 114 mm. 113 114 103 

PERT eg tree Soin ovals interes tee ae 2 184 181 180 155 

Mer nat AO Crest... isc. ceate ck cost ee 80 (crown tall) 93 (crown low) 96 84 

Pier Ule ENP thik... deasel cite. site vas 800e 

Mrameteriof Gusk.:...%.s 0.68. sees hoe 45 
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with serrated ectoconelets and small mesoconelet appears to be 

distinct from the “losange’’ form prevailing in Mastodon americanus. 

GeroLtogic AGrE.—Frick (op. cit., p. 630) observes: ‘‘The 

mandible was collected by Joseph Rak in the fall of 1927 from beds 

bearing teeth of Pleistocene Equus.” 

Mastodon americanus alaskensis Frick, 1933 

Figure 123 

From the vicinity of Fairbanks, Alaska. Pleistocene. 

The specimen is especially interesting and important because 

of the rarity of the Mastodon in Alaska. Frick observes (p. 631): 

‘ Ve) ay 3 4 _— AB 
. Wa IANS ——gee ae he 

Type i rae hit?“ 

INastodon americanus alaskensis Frick ZA 

Fig. 123. Type of Mastodon americanus alaskensis Frick (F:A.M. 27009), 
about one-sixth natural size. 

Left ramus and symphysis, also left third superior molar, 1.M*. After 
Frick, 1933, fig. 29A. 

hae 

AA cs ar} 

P| a 

aN Ee ES 

OSBORN: THE PROBOSCIDEA 

“‘ Mastodon itself so far has been exampled in the Fairbanks area 

alone by a few detached molars. As associated remains of any of 

the extinct forms are almost unknown in the particular area, the 

present season’s find of a mastodon mandible associated with mi, 
superior tusk and a representation of the limb elements, is re- 
markable.” 

Mastodon americanus alaskensis Frick, 1933. ‘‘New Remains 

of Trilophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. 

Nat. Hist., Vol. LIX, Art. IX, pp. 506, 510, 631, 632. TypPEr.— 

(Op. cit., p. 631): “Partial mandible with left m2, both mss, partial 

COMPARATIVE MEASUREMENTS 

M.a. alaskensis|M. americanus | M. americanus 

A.C-F:A.M. A.M. 14345 A.M. 9951 
27009 

Meteor oe 109-+mm. 123 

m3 187 [ap.] 196 (left) 

{101 tr.| (176, right) 

Humerus...... 905 910 

Radius 680 670 

Winae scenes 675 

Metacarpal 1. . 107 110 
Ne 148 150 

Boe 175 160 

4.. 152 150 

ae 123 100 

KY 

ae ee plat | | 
Mastodontinae type O O, referred e. Zygolophodontina 

250 02025 o' 
0°o°o American mastodon discoveries 

Fig. 128a. TuHrorretic Migration Lines 

Famous Warren mastodon of Newburgh ®. 
a, referred a. Ancient mastodonts type ®, referred +. 

Osborn, 1934. 
type 

OF THE TypicAL MastopoN OF AMERICA 
“Yoke-crested”’ mastodonts (subfam. Zygolophodontine, gen. Zygolophodon, Turicius) indicated by squares: 0 types, m referred. Compare figure 137. 
True mastodonts (subfam. Mastodontine, gen. Miomastodon, Pliomastodon, Mastodon) indicated by circles: © types, @ referred. 
Ancient mastodonts (order Mastodontoidea, gen. Palzomastodon) indicated 
Miomastodon tapiroides americanus, Tasndd, Hungary. 
Miomastodon depereti sp. nov., Chevilly, France. 

Compare figure 86. 
by crosses: ® types, + referred. 

Pliomastodon americanus praetypica, Maria-Theresiopel and Batta-lrd, Hungary. 
“Mastodon ohioticus,’ Pestchana, Podolia, Russia. 
Mastodon pavlowi sp. noy., Pestchana, Podolia, Russia. 
Zygolophodon, chiefly distributed in Italy, North Africa, France, and Hungary. Zygolophodon (?) (Matsumoto), Japan. 
Mastodon tapiroides (Pallas, 1770-1777), Belaja, Russia [ =Zygolophodon borsoni). 
Mastodon abundant in former forested regions of North America. See figure 123b. 
Miomastodon and Pliomastodon rare in western United States. See figure 123b. 
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alveolus of m, and incisive alveoli; left m*, superior tusk, humerus, 

both radii, ulne, manus, and distal end of femur. Alaska College 

—F:A.M. 27009. Figured this paper, Fig. 29A.” Horizon 

anp Locauiry.—Vicinity of Fairbanks, Alaska. TYPE 
Ficure.—Op. cil., fig. 29A. 

Tyre Description.—(Frick, 1933, pp. 631, 632): ‘The 

mandible exhibits a heavier vertical ramus and symphysis and 
narrower symphysial trough, the alveoli suggest much larger 

incisors, and the molar tooth-crowns are lower than in the American 

The limbs ap- 
The 

Mastodon, as seen in A. M. 14345, from Illinois. 

proximate those of the Warren mount [Amer. Mus. 9951]. 

177 

tusk measures 7 ft. 1 in. on curve, and 19.5 in. circumference at 

base. 

Osborn, 1933: The type mandible of Mastodon americanus 

alaskensis reveals (Fig. 123) relatively broad third inferior 

grinders, namely, 1.M;, ap. 187 mm., tr. 101 mm., index 54; (2) 

the mandible is correspondingly massive, as well as the rostrum. 

Another feature, also observed in Mastodon raki Frick, is the 

serration of the ectoconelets and relative reduction of the con- 

tiguous mesoconelet. Frick observes (op. cit., p. 631) that “The 

individual, while of as large size as the Warren Mammoth [Masto- 

don], was immature, the epiphyses being unconsolidated.” 
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Mastodon americanus in North America-after OP Hay. 1923-1930 

CA® | 
| 

DFLB.1I934 

Fig. 123b. GroGrapnic DistrRIBUTION OF THE TypicaAL MASTODONTS OF THE UNITED STATES AND CANADA 

(1) Type locality of Mastodon americanus Kerr-Cuvier. (7)-(24), see full list of species on page 137. 

© Geographic distribution of subspecies and mutations of Mastodon americanus in the United States and Canada, after detailed reports and re- 
searches of O. P. Hay on the mastodonts of the Eastern, Middle, and Western United States, and Eastern Canada. 
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11. SKELETAL CHARACTERS OF THE WARREN AND WHITFIELD MASTODONS 

THE ‘WARREN Mastopon’ (MASTODON AMERICANUS) SKELETON 

See figures 82, 83, 124, 126, and 130 

Hudson River near Newburgh, New York, Pleistocene, of Postglacial (IV), or post-Wisconsin age 

Every bone of this superb skeleton has been separately figured and described with great accuracy in the two 

editions of Warren’s great Memoir (1852, 1855). The reader is referred to Warren’s Memoir for all details, except 

those relating to the tusks which are fully described below in the present Memoir. 

A full history of the discovery in the summer of 1845 of this famous skeleton and of the various phases in its 

mounting and exhibition is given below (pp. 181-183). In 1906 the skeleton was presented to the American 

Museum by Mr. J. Pierpont Morgan, to whom this Memoir is dedicated. The entire year (1906-1907) was 

devoted to the work of cleansing, renewing, and remounting the skeleton; all the bones were given an alcohol 

immersion to remove the dark varnish with which they had been covered, thus the beautiful original light brown 

color at the time of discovery was completely regained. The tusks had been completely shattered and were 

restored with great difficulty; twenty-three inches of each tusk are inserted in the sockets, the projecting part 

measures 6 feet 8 inches, as shown in figures 124 and 126. 

MEASUREMENTS OF THE WARREN Mastopon (MasToDON AMERICANUS) COMPARED WITH THOSE OF THE AFRICAN ELEPHANT “JUMBO”! 

(LOXODONTA AFRICANA OXYOTIS) 

Mastodon americanus Loxodonta africana oxyotis 
Total length of skeleton, base of incisive tusks to 

perpendicular drop of tail.................. 4.546 14ft. 11 in. 4.090 13 ft. 5in. 

Height to summit of dorsal ee Pe summit 

of scapule.. >, , 4 Macrame ths: 9 1% 3.150510 4 

Summit of ani fr om iti! er re. 7a (opts) te) te! 3.045 10 

Summit of highest part of pelvis or ossa nominees 
from the ground............... 2.668 8 9 : 2.785 9 2 

Incisive tusks: total jencth of mane uelee on nani 
curve.. : a eerolon 7S (I 0S ee Sh cic 

Incisive ie Seay oe neat ae as exposed. 2033, 6538 oo — —E eer 

Thigh bones: length of right tibia.. ete t:(/i| De a4 788 2 7 

length of night ee. 2 vat ROG 3. 4% 1.258 4 1} 

length of right pes eoedieie : .53 19 (on ground) S217 8 

pelvis, width of ossa inane 1.826 6 1.340 4 7M 

Shoulder girdle and forelimb: height of canna 916 38 yy, 900 2 1 

right humerus, 

length of......... 950). Sy rt 1.091 38 7 

right ulna-radius, : 
length of......... .658 2 2 (ulna without ole- 1.037 3 4h, 

cranon) 
right extended 
manus, length of . 285 11% (without carpus) 

Seven cervical vertebre, length of ................ .ol ise ys! -900 «1 10 

Dorsolumbar vertebre, total length of........... 2.250 7 4 2.0385 6 8 

Five sacral vertebre, total length of.............. 48 1 6% . 268 104 (length 4 sacral 

‘ vertebre) 
Caudal vertebre, estimated total number (28), 

POUBISIERM DUN Ofer Seiapeten s aante sl aanatne es aerate: 2.085 6 10 1.455 4 9 (est. 21 caudal ver- 
tebrz) 

‘Amer. Mus. Dept. Mam. 3283. Prepared from specimen presented by P. T. Barnum in the year 1889. 
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The contrast between the comparatively broad, long-backed, low-bodied proportions of Mastodon ameri- 

canus and the elevated, short-backed, narrow-bodied proportions of the African elephant is similar to that which 

generally obtains as between the Mastodontoidea and the higher Elephantoidea. 

MASTODONTOIDEA: Relatively broad, low-bodied, heavy-limbed, long-backed proboscideans. 

ELEPHANTOIDEA: Relatively narrow, high-bodied, long-limbed, short-backed proboscideans. 

Tue ‘Wuitrietp Masropon’ (MAsToDON AMERICANUS) SKELETON 

Hudson River, near Newburgh, New York, Pleistocene, probably of Postglacial (IV) or post-Wisconsin age 

The Whitfield Mastodon (Fig. 125), named in honor of the late Curator Robert Parr Whitfield of the Ameri- 

can Museum, is the assembled skeleton of a male mastodon in which the tusks are of a large size, but the propor- 

tions and mounting are much less accurate. This skeleton, mounted for the American Museum in 1879, was 

purchased by the Senckenberg Museum of Frankfort, Germany, where it is now on exhibition. 

History.—(1) This skeleton was discovered in 1879 near the town of Little Britain, about nine miles south 

of Newburgh, N. Y. It was imbedded in peaty material on the edge of what had been less than fifty years before 

an open pond; the pond had been drained and was under cultivation at the time of discovery. In course of further 

drainage work, following the wet season of 1879, at a depth of fourteen inches, an apparent log was reached, 

which proved to be the leg bone of an animal. This induced the farmer to search for other bones, and in a few 

days more than one-third of the skeleton had been exhumed, including the head and lower jaws. (2) Three 

weeks later Professor R. P. Whitfield, first Curator of Geology in The American Museum of Natural History, 

visited the excavation at the request of Major T. B. Brooks of Newburgh. He found that the swamp on the side 

nearest the skeleton was bordered by a low hill of hard blue “boulder clay,” mixed with shale and gravel. This 

hard layer sloped down and passed under the peat or “muck” of the swamp to form the original bottom of the 

pond. From this peat the skeleton derived its dark color. (3) The skeleton lay with the head farthest from the 

original shore of the pond and deeply imbedded. The right limbs were near the surface, the right humerus being 

buried only fourteen inches, which proves apparently that the animal had been mired and had fallen on its left 

side. At the point where the head was found, twenty feet from the place at which the ‘“‘boulder clay”’ rose to the 

surface, the peaty material had accumulated over the head to a depth of ten feet. The humerus and other parts 

nearer the surface were consequently less perfectly preserved. 

12. AGE AND PROGRESSIVE CRANIAL AND DENTAL CHARACTERS OF MASTODON 

AMERICANUS, REVEALED IN THE AMERICAN MUSEUM COLLECTIONS 

Superior and inferior grinders, incisive tusks, age, sex, growth, cranial and mandibular development 

AGE AND SEX CHARACTERS OF THE INCISIVE TUSKS 

In the assemblage and preparation of the tusks of the Warren Mastodon skeleton (Amer. Mus. 9951), Osborn 

(1910.347 and 1923.574) made the following observations which should be permanently recorded in this Memoir: 

A Means or EstImaTING THE AGE OF THE Mastopon.—(Osborn, 1910.347, pp. 1-3): In repairing the tusks, the outer 

sheathing of the dentine was found in large part absent. The inner sheathing exposed a series of concentric constrictions and 

expansions which were observed to be approximately symmetrical on the two sides, as indicated by the series of + signs in Fig. 3, 

A and B [Fig. 126, right, of present Memoir]. Secondly, it was noted that the intervals between these constrictions are broader 

in the middle and fore part of the tusks (corresponding with the youthful stage of growth of the tusk) and become narrower 
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toward the base of the tusk (corresponding with the mature or adult stages of growth). Eighteen of these rings are preserved 

on one side and thirteen on the other. They are faintly indicated also in the waving surface of the dentine of the tusk (Fig. 3). 

On the hypothesis that these are actual annular increments of growth, the right tusk (Fig. 3, A) consisted of about twenty-eight 

segments, which allowing for the milk dentition and for the part worn off at the tip would assign to the Warren Mastodon an age 

of perhaps thirty years. Similar annular constrictions are observed in the tusks of the mammoth from Alaska; and are also 

indicated in the tusks of the African elephant. Since the age of the Indian elephant and the rate of tusk growth is definitely 

known, the identification of similar concentric annular growths would be the means of testing the value of this hypothesis. 

M. americanus 
“Warren Mastodon” 
Amer. Mus, 9951 Ref. 

..M. americanus 
‘Warren Mastodon” 

Amer. Mus. 9951 Ref. 

1/24 nat. size 

V/12 nat. size, 

Fig. 126. Superior, inferior, and lateral views of Warren Mastodon (Amer. 

Mus. 9951) tusks, an adult male from Newburgh-on-Hudson, New York. Both 

figures after Osborn (1910.347) and (1923.574). 

Left. Superior aspect. Observe the deep insertion of the right superior tusk 

and the annular growth rings feebly indicated. One twenty-fourth natural size. 

Right. Enlarged inferior aspect of the tusks showing the annular growth 
rings. One-twelfth natural size. 

A, Right tusk drawn from the outer inferior side showing growth rings 1 to 
19, the center of each ring being indicated by a plus sign (+). Of great interest: 

is the contact point (c) just above the 19th growth ring, which positively 

enabled us to determine the actual length (8 ft. 7 in.) of the right tusk on the 
outside curve. 

B, Left tusk, outer view, showing 13 growth rings. 

The Warren Mastodon thus represents a male animal at least thirty years of age at the time it sank into 

a bed of marl near Newburgh, New York. The story of the restoration of these tusks is as follows (cf. Osborn, 

1923.574, p. 18): 
Metuop or Restorinc tHe WARREN Mastopon Tusks.—There still remained the problem of the tusks, which are in- 

variably the most vital part of buried skeletons of the great proboscideans of the past. It appears that the original tusks could 
not be preserved entire by the methods known at the time of exhumation. The discoverers were unable to prevent the tusks 
from splitting, warping, and falling to pieces, especially at the butt. In order to preserve what could be saved intact, the 
butts of the tusks, already split and warped, were sawed off under Doctor Warren’s direction, and only the tips, about three 
feet in length, were treated and preserved. The butts, fallen into fragments, but still lying undisturbed in two of the original 
boxes used for transporting the skeleton, were found in the Warren Museum when the skeleton was repacked to be sent to 
the American Museum. The tips, treated with preservatives, were still intact in another box; but neither had been used 
apparently for measurements in making the papier-mAché restorations fitted to the skull in the Warren Museum. This documen- 
tary evidence certainly was not used by Doctor Warren, because in his three restorations he unfortunately accepted the 
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erroneous original reports that the tusks as found were more than eleven feet in length; they were so deseribed and illus- 

trated by him in the entirely impossible position shown in the photograph on p. 15 [Fig. 83 of the present Memoir]. 

When the Warren collection reached the American Museum, it was very carefully looked over in a search for remnants of 

the original tusks, and finally the fragmentary fossil ivory tips and butts were found, but inasmuch as most of the original 

records had been lost and no use of these materials had been made by Doctor Warren, it remained to be proved that the 

fragmentary butts of the tusks really belonged with the skull. The piecing together of these butts required several months of 

most ingenious and patient work on the part of one of our preparators, Mr. Charles Christman. The ends of each tusk were 

perfectly preserved, but there was no connection between these tips and the reconstructed butts of either tusk. Fortunately, 

when the butts of the tusks were sawed off, a single splinter of bone broke off, and finally this splinter was found to fit exactly 

to a fragment of the butt. There was great rejoicing in the laboratory when the relationship of these two fragments was 

discovered, because it enabled us to determine positively the length of the tusks as 8 feet, 7 inches. 

The rebuilding of the tusks, which required several months of most patient work, had two very important results: in the 

first place, it enabled us to place them properly in the sockets of the skull and to prove for the first time the exact relations of the 

mastodon ivories; secondly, a very painstaking examination of these tusks led to an important and most interesting dis- 

covery, namely, that it was possible to determine very closely the age of the Warren Mastodon. The ivory exhibits a series of 

growth rings which, counted from tip to base, seems to prove that the Warren Mastodon was perhaps thirty years of age 

at the time it sank into the bed of marl near Newburgh. The right tusk included at least twenty-eight of these segments. 

The growth rings are shortest near the tip of the tusk when the animal is young, and increase in length from the tip toward 

the middle of the tusk, but not in a regular ratio. These growth rings do not correspond exactly in the opposite tusk, but 

in both tusks they are longest in the middle region. Nine smaller rings are in the lower part. The writer’s theory regarding 

these growth rings is that during the summer season, when all the conditions of life were favorable, and perhaps during the 

rutting period, when tusk growth was hastened by internal secretions from the reproductive glands, the growth of ivory was 

very rapid, the maximum growth in the 17-18 ring being 108 centimeters, or 4) inches, perhaps the maximum growth of a 

favorable season at the most vigorous reproductive period of life. The Warren Mastodon is an adult but not an aged specimen; 

the skeleton is apparently that of a younger animal than the one represented by the Shawangunk head. Some estimate the 

maximum age of the American mastodon at between thirty and forty years,—less than half the life span of the elephant, 

which attains more than one hundred years. 

MALr AND Femae Tusxs.—In all the known Proboscidea there is a marked disparity between the male 

and female incisive tusks both in length and in diameter. The adult female 

tusks never fully attain the length of the adult male tusks, but a still more 

striking difference is their slenderness of proportion and diameter. 

The female tusks are finely displayed in the female skull of Mastodon 

americanus (Amer. Mus. 14293) found near Fulton, Indiana, and represented 

one-tenth natural size in figure 128. We observe that the divergence of the 

tusks in their sockets produces the strikingly V-shaped arrangement of the 

grinding teeth and the tusks, so that a straight line drawn from the apex of 

the tusks traverses the grinders and passes through the occipital condyle 

of the opposite side; this explains the marked divergence of the grinding 

teeth anteriorly, and the convergence of the grinding teeth posteriorly. 

Undoubtedly the incisive tusks were extremely important in females for the 

defense of the young, and this strongly divergent tusk mechanism brought 

about a strongly divergent grinding tooth mechanism. This divergence, 

however, is much less marked in the male skull (Yale Mus. 12600), beauti- 

fully represented in figure 129, than in the Warren Mastodon skull (Fig. 130). 
Fig. 127. Tusks of Elephas indicus (?) suma- 

Mae aND FeMALe Crania.—The palatal aspect (Fig. 129) of the ‘vv showing 17-18 annular growth rings. 
; Ee After photograph kindly furnished by Mr. H. 

superbly preserved adult skull of the Mastodon americanus from Otisville, | Munniks de Jongh of the Hague, who purchased 

New York, in the Peabody Museum of Yale University (Yale Mus. 12600), ‘2e™ Some years ago without a record. It is 
is sh ‘chil § . i f probable that they are from the Dutch East 
is Shown one-eighth natural size. The drawing is one of the masterpieces of Indies. One-tenth natural size. (Cf. Fig. 126.) 
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Mrs. L. M. Sterling, the artist of most of the original pen illustrations in this Memoir. All the constituent bones 

and the foramina are clearly indicated by abbreviations, as lettered under the direction of Dr. William K, 

Fig. 128. Female skull. Palatal view of the finely preserved female skull 
(Amer. Mus. 14293) of Mastodon americanus from near Fulton, Indiana. One- 
tenth natural size 

Observe the strikingly V-shaped arrangement of the grinding teeth and tusks, 
the apex of the V being at the posterior nares. The tusks are relatively long, very 
slender, gently convex or outcurved, and slightly incurved at the extremities. 

Gregory. Viewed both from above (Fig. 130) and 

below (Fig. 129) the facial and cranial portions of 

the M. americanus cranium are subequal in length. 

There is a very marked development of the pre- 

maxillaries (P. mz.) and of the maxillaries (Mz.), an 

abbreviation of the palatines, a compression and an 

abbreviation of all the basicranial elements, which, 

however, are much less extreme than in the basi- 

cranial aspect of the Indian elephant (Hlephas in- 

dicus), see Volume II, Chapter XX. 

The male cranium (Amer. Mus. 14535) repre- 

sented in figure 132 differs strikingly from the 

Peabody Museum cranium (Yale Mus. 12600, Fig. 

129) in the fact that the facial portion, from the 

premaxillaries to the back of the grinders inclusive, 

is decidedly longer than the cranial portion; it 

differs also in the marked divergence of the grind- 

ing teeth of the opposite sides, whereas in the 

Peabody Museum skull (Yale Mus. 12600) the 

grinding teeth are more nearly parallel. 

The female cranium (Amer. Mus. 14292) repre- 

sented in figure 182 shows a very marked sexual 

disparity in size; this is probably the normal dis- 

parity between the male and female crania of 

Mastodon americanus, because this female cranium 

does not differ markedly from the female cranium 

(Amer. Mus. 14293) shown in figure 128. The more 

feeble and slender female tusks (Fig. 128) demand 

less prominent premaxillo-maxillary “development, 

consequently the sockets for the incisive tusks are 

relatively short and small, and elevated above the 

grinding tooth border, as seen in both the female 

skull (Amer. Mus. 14298, Fig. 128) and in the fe- 

male skull (Amer. Mus. 14292, Fig. 132). Thus 

there is a marked disparity in size between the 

females and males in (1) the grinding teeth, (2) the 

incisive tusks, (3) the sockets of the incisive tusks, 

and (4) the size of the cranium as a whole. 

JUVENILE Mag Crania.—The fully adult age 

characters pointed out in the above descriptions 
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and figures of the male and female skulls should be compared with the juvenile and infantile characters of the 

immature male crania shown in figure 131. The immature male skull’ (Amer. Mus. 17727, Fig. 131 Al), from 

Rochester, Indiana, represents a stage in which the three ‘intermediate molars’ only are in use, namely, Dp 4, 

M 1, M2. All these teeth show the three transverse crests characteristic of this genus and species. The tetra- 

lophodont third superior and inferior molars, M*-M;, have been extracted from the skull and jaws and are repre- 

M. americanus M. americanus t / 
Yale Mus. 12600 Ref. “Warren Mastodon’ an” 1/8 nat. size 

/ Amer. Mus. 9951 Ref. Xs os L_-? 

1/8 nat. size Pe . ee ALS 

. eR gm 

Fig. 129. Mastodon americanus palate of finely preserved Fig. 130. Superior view of skull (Amer. Mus. 9951) of the 
adult skull (Yale Mus. 12600), from Otisville, New York. One- “Warren Mastodon,” an adult male with the tusks removed. 

eighth natural size. Complete skeleton collected May 7, 1875. One-eighth natural size. 

sented in figure 135. In this young male cranium! (Amer. Mus. 17727) we observe the following points: (1) The 

facial and cranial portions are subequal in length; (2) the sides of the cranium are nearly parallel; (3) the juvenile 

tusks are imbedded in slightly expanded premaxillary sockets; (4) all the crests of the grinding teeth (Fig. 131 

Al, also Fig. 135) are extremely sharp, representing a high degree of subhypsodonty. 

The calf skull of Mastodon americanus (Fig. 131 B) found near Hackettstown, Warren County, New Jersey, 

about twenty miles from Newark, represents a much more immature stage (Amer. Mus. 10459). 

IMMATURE AND Mature GRINDING TEETH.—The immature male skull! from Rochester, Indiana (Amer. Mus. 

17727, Fig. 131 A1) yields a series of immature dental crests (represented in Fig. 135) of the third left superior 

molar, 1.M°, and of the third left inferior molar, 1.M;. These ridge-crests are a revelation of the very sharp, 

!This specimen is now made the type of Mastodon acutidens (see Appendix at the close of the present Volume, also Figs. 131, Al—A4, 135, and PI. 1, L, 

of this chapter). 



* COMPARE FIGURE 139. (B) IMMATURE MALE SKULL OF M. americanus REF. 

Fic. 131. (Al1—A4) Type or MastTopoNn ACUTIDENS SP. NOV. 

ONE-EIGHTH NATURAL SIZE. AMERICAN MusruM COLLECTION, Nos. 17727,' 10459. 

iews of young Mastodon skull (Amer. Mus. 17727),! from Rochester, Indiana, showing Dp‘, M’, 

Type of Mastodon acutidens sp. nov. 

about twenty miles from 

Al, Left lateral, A2, superior, A3, palatal, A4, occipital v 

M3-M3, extracted from the skull and jaws, shown in figure 135. 
and M2, anterior portion only in use. 

Found near Hackettstown, Warren County, New Jersey, 
B, Calf Mastodon americanus skull (Amer. Mus. 10459), superior view. 

Newark. 

See footnote on page 185. 

186 



Fig. 132. Mate anp Femate Crania oF MASTODON AMERICANUS 
(Left). Male cranium of Mastodon americanus viewed from above and from the 

14535), from Ashley, Indiana. One-twelfth natural size. 
(Right). Female cranium of Mastodon americanus, of somewhat greater age th 

cranium (Amer. Mus. 14292) was discovered two and a half miles southeast of Fulton, Indiana. 

side; also palatal view. This is a young adult cranium (Amer. Mus. 

an the male cranium, exhibiting similar aspects of the skull. This 
One-twelfth natural size. 

187 
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almost knife-like summits of the molar ridge-crests, which give a truly subhypsodont character to these crowns. 

These sharply crested summits illustrate the very marked progression of Mastodon acutidens sp. nov. upon the low, 

compressed crowns in the two species Miomastodon merriami and Pliomastodon matthewi, and upon the rounded 

lobes, i.e., cones, in Palzomastodon. 

Hyrsopont GrinpErS.—It is probable that when all the grinding 

teeth now referred to Mastodon americanus are carefully measured and 

compared, considerable progressive evolution toward hypsodonty will be 

observed through the long period of Pleistocene time. 

Much more sharply elevated and acute transverse crests than those of 

the female specimens found near Fulton, Indiana, and represented in 

figure 134, are the grinders of the young male (Amer. Mus. 17727, Fig. 135), 

the type of Mastodon acutidens sp. nov. 

TypicaL GrinpERS.—The typical female grinders (Amer. Mus. 14293 

and 14294, Fig. 134) exhibit relatively obtuse crests both in the upper and 

lower jaws. It may be observed also: (1) That the individual lobes, i.e., 

cones, are not distinctly bilobed; (2) that the worn enamel presents 

simple, compressed loops in M*-M,; (3) that the trefoil spurs rise from 

the internal lobes of M?, from the external lobes of M,; (4) that a sharp 

median sulcus divides the internal lobes from the external in M*-M;. It 

is not surprising that these rudimentary trefoil spurs should be compared 

with the homologous trefoils of Trilophodon and of Serridentinus; in 

(5) The 

third inferior molar, Ms, is distinctly longer and relatively narrower than 

the third superior molar, M’. 

very clearly illustrate the characters of the typical Mastodon americanus 

and agree closely with Cuvier’s type grinders (Figs. 76, 112) from the Big- 

Bone Lick, near the Ohio River, Kentucky. 

position they resemble Serridentinus rather than Trilophodon. 

These beautifully drawn grinding teeth 

PLICATED GRINDERS.—A somewhat more folded or plicated condition 

of the superior grinders is shown in the palate and lower jaw (Amer. 

Mus. 12464, Fig. 133) of a middle-aged male (?) individual of Mastodon 

americanus found near Buffalo, Kansas. These plicated or folded grinders 

approach those of the type of Mastodon americanus plicatus Osborn (Fig. 

120), although the plication is somewhat less extreme. We observe in M* 

(Fig. 133 A) the marked development of the cingulum, internal, anterior, 

and external, and the marked irregularity of the enamel surfaces of the 

lobes; the tetartoloph in M* is subdivided into four conelets; in M; there 

is a strong anterior cingulum, but it exhibits no external or internal cingula. 

We conclude that the male and female grinding teeth of specimens 

from different parts of the United States, mostly of Upper Pleistocene and 

ve: 

44) 

Type oF MASTODON ACUTIDENS SP. NOV. 

Fig. 135. Sharp summits of partly developed 
molar crowns excavated from a young male skull 

(Amer. Mus. 17727), from Rochester, Indiana. 

Compare figure 131, Al-A4. 

Al, Five crested left superior molar, 1.M*, external 

view. 
A2, Crown view of the same five crests of ].M®. 

Observe the division of the transverse crests into 

inner and outer lobes, completely separate in the 

young condition. 

B1, Crests of undeveloped left lower molar, |.Ms, 

somewhat more advanced than the upper. Observe 

the bilobed condition of the fourth crest; fifth crest 

not developed. 
B2, External view of same crests of 1.M 3. Observe 

the high anteroposterior compression of these crests 
adapted to the sharp cutting of the food. 

Postglacial time, exhibit marked progressive ascending mutations and subspecific characters which may be found 

to distinguish more or less constantly the descendants of certain subspecific, specific, and phyletic branches. 
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SUMMARY OF SEXUAL AND PROGRESSIVE CHARACTERS OBSERVED IN THE AMERICAN MuskEuM COLLECTIONS 

In the American Museum materials referred to Mastodon americanus, it is clear from the above brief descrip- 

tions and from the close examination and comparison of the carefully prepared figures that there is a very marked 

progressive evolution in the grinding teeth, and probably in the tusks and portions of the skeleton as well, indicating 

varied ascending mutations and subspecific if not specific stages. These characters are not mere individual varia- 

tions; they certainly mark progressive evolution extending over a very long period of time, namely, over the 

entire 1,000,000-year period, the minimum figure now assigned to the American Quaternary or Pleistocene time. 

(1) The primitive species Mastodon progenius Hay is believed to be of Aftonian or Ist [interglacial age. 

(2) The Mastodon americanus of Big-Bone Lick, Kentucky, is of much more recent geologic age, probably TV 

Glacial time, indicated by Ovibos and Rangifer. These are probably the typical deposits of the species Hlephas 

[Mastodon] americanus Kerr, which came from the Big-Bone Lick. 

(3) The ‘mastodon’ deposits of Newburgh-on-Hudson, New York, including the ‘Warren Mastodon,’ are 

probably of Postglacial (IV) age, or the period of the retreat of the great Wisconsin glacier. 

If these geologic correlations are correct, the evolution of Mastodon americanus covered a period of at least 

1,000,000 years, from the more primitive stages, such as M. progenius, to the most progressive stages, such as M, 

acutidens sp. nov. These stages, however, can only be clarified by very close and prolonged monographic research. 

Pe "4 

“a bt 

Group oF AMERICAN MAsTODONS ALONG THE ANCIENT Missouri River oF Kansas 

Left portion of the great late-Pleistocene mural in the Hall of the Age of Man in the American Museum. The faunal period of Bison latifrons 

(Bison regius) and Equus complicatus (Equus scotti) 

Fig. 136. This mural, painted under the direction of Henry Fairfield Osborn, was completed by Charles R. Knight in the year 1920 and is one of the 
finest examples of his art. Inthe group there are one bull, two cows, and a calf. 



CHAPTER VII 

HISTORY OF THE SUBFAMILY ZYGOLOPHODONTINA, THE YOKE- 

TOOTHED MASTODONTS 

GRADUAL SEPARATION OF THE ‘MASTODON’ TAPIROIDES AND ‘MASTODON’ TURICENSIS FROM THE ‘MASTODON’ 

BORSONI AND OTHER PHYLA OF THE MASTODONTS. SUBFAMILY, GENERIC, AND SPECIFIC DISTINCTIONS OF THE 

ZYGOLOPHODONT GENERA, NAMELY, ZYGOLOPHODON AND TURICIUS. HABITAT, MIGRATIONS, PHYLOGENETIC 

SUCCESSION, AND EXTINCTION OF THE ZYGOLOPHODONTINE. COMPARISON WITH STEGOLOPHODON. 

1. History of the subfamily Zygolophodontine, 1770-1927— 6. Characters of Zygolophodon and its included species. 

1935. 7. Characters of Turicius and its included species and muta- 
2. Collateral relationship to the subfamily Stegodontine. : ; = errs aay Een «(pee 

Sela: : t as 7 l d Serri- 
3. Zygolophodon and Turicius independent phyla (Osborn, aie as compared with Zygolophoden and: errs 

1926) of the Zygolophodontinz Osborn, 1923. : SS gee = '¢ y 
4. Résumé of the generic and specific distinctions. 8. Geographic distribution and extinction of species of 

5. Progressive characters of the grinding teeth. Turicius. 

(January, 1935) Since 1928, when this chapter was written, the fundamental patterns of the grinding teeth of Paleomastodon, 

Mastodon, Zygolophodon, Turicius, and Stegolophodon have been intensively examined, compared, and figured, as shown in 

Pls. I-IV, between pp. 134 and 135. These new comparative figures positively demonstrate: (1) The complete phyletic separa- 

tion of these five genera, and (2) the possible derivation of the grinding teeth of the Stegodontoidea from those of Stegolophodon.' 

The species of Stegolophodon and of Stegodon are described in detail in Chapter XV of Volume II of this Memoir. 

We may open this chapter by calling attention to the marked sexual and progressive characters which may be 

observed in the mastodonts in the American Museum collections. These serve clearly to distinguish the Mas- 

todontine or true mastodonts from their most nearly related phylum the Zygolophodontine, because it is clear 

throughout that (1) the true Mastodon molar is profoundly different in character from the true Zygolophodon 

molar, and (2) that the final stage of evolution in the Mastodon acutidens molar (Fig. 135) converges towards 

the final evolution stage in the zygolophodont molar (Fig. 168, Turicius virgatidens). 

This chapter covers the genera Zygolophodon Vacek and Turicius Osborn. The species included within 

Turicius show several resemblances to those included within the genus Serridentinus (Chap. X), as observed by 

the present author; in many other characters Turicius is clearly separable from Serridentinus and more closely 

related to Zygolophodon. The median longitudinal sulcus (Fig. 89) of Mastodon americanus disappears in Zygolo- 

phodon and transversely perfected crests evolve. Zygolophodon has four to six main conelets, Turicius has five 

to eight small conelets (7. turicensis) to eight to nine (T. virgatidens). 

As pointed out clearly in the preceding and succeeding sections, the genus Zygolophodon, based by Vacek 

(1877) on the three genotypic species Mastodon borsoni, M. turicensis, and M. tapiroides (= M. pyrenaicus), now 

proves to include two distinet generic phyla which may be traced chiefly in western Eurasia from the base of the 

Miocene to the summit of the Pliocene, namely: 

I. Zygolophodon borsoni, which may spring from Z. pyrenaicus, and from Z. pyrenaicus aurelianensis, Lower 

Miocene of France. This generic phylum parallels the true Mastodon americanus phylum in its evolution, but it is 

nevertheless quite distinct. Like the true mastodonts, it is little known until Middle and Upper Pliocene times, 

when the remains of Z. borsoni are very abundant. 

Il. Turicius, typified by Turicius turicensis of the Upper Miocene, is a very distinct generic phylum, extend- 

ing from the Lower Miocene ‘Mastodon’ tapiroides of Cuvier to the Middle Pliocene. This phylum is abundantly 

represented especially in lignitic and fluviatile deposits. It is quite distinct (see Figs. 188 C, C1; 139, 4, 5, of 

the present chapter) from the phylum Zygolophodon borsoni and presents certain parallels with the Serridentinus 

phylum, which is widely distributed in the Miocene and Pliocene of America. 

1(1935) Stegolophodon removed from the Stegodontine and placed in the new subfamily SregoLorHopONTIN ® (see Appendix of the present Volume I). 
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Original reference: Zygolophodontinz Osborn, 1923, ‘‘ New Subfamily, Generic, and Specific Stages in the Evolution of the Probo- 

scidea,’’ Amer. Mus. Novitates, No. 99, p. 1 (Osborn, 1923.601). 

Burron, 1770.—The history of discovery goes back to the year 1770, when Buffon received from the Comte 

de Vergennes an upper grinding tooth found in Russia (“‘la petite Tartarie”’) and after examination and descrip- 

tion figured the tooth in 1778, as shown in our facsimile reproduction (Fig. 111). Marie Pavlow (1894) re- 

fers to Buffon’s description of this tooth in the ‘‘Epoques de la Nature,’ 1775 [1778]. Almost at the same time 

(1777) Pallas described a tooth found near the Belaja, an affluent of the Kama River, Russia, a tooth which sub- 

sequently Eichwald and de Blainville referred to Mastodon tapiroides [now referable to Zygolophodon borsona). 

Pavlow’s full description of these Russian and Siberian discoveries is cited above (Chapter VI, pp. 133-135). 

be as follows: 

1b. 

16. 

1770-1778 

1857, 1859 

1859, 1879 

1867 

1883 

1922 

1926 

CHRONOLOGIC ORDER OF DISCOVERY AND DESCRIPTION 

Russia 

Near the Belaja, Russia 

Montabusard, France 

Montabusard, France 

Europe 

Montabusard, France 

Elgg, Switzerland 

Piedmont, Italy 

Simorre, France 

Vialette (environs du 

Puy), France 

Velay, France 

Auvergne, France 

Pikermi, Greece 

Haute-Garonne, 

France 

Locality (?) 

Fulda, Germany 

Thorn, West Prussia 

Wahlheim and Essel- 

born, Germany 

Sables de l’Orléanais, 

Chevilly (?), Casse- 

grain, Avaray, 

France 

Simorre, France 

See Figure 137 

ORIGINAL NAME 

True zygolophodont molar, de- 

scribed and figured by Buffon 

(see Fig. 111) 

Zygolophodont molar described 

by Pallas 

Petit mastodonte Cuvier 

Mastotherium microdon Fischer 

de Waldheim 

Mastodon microdon Rafinesque 

Mastodonte tapiroide Cuvier 

Mastodon turicense Schinz 

Mastodon Borsoni Hays 

M. tapiroides-minus Lartet 

Mastodon Vialetii Aymard 

Mastodon vellavus Aymard 

Mastodon Buffonis Pomel 

Mastodon atticus G. & L. 

(in Wagner) 

M. (Triloph.) Pyrenaicus 

Lartet 

Mastodon affinis Jourdan (MS., 

labels in Lyons Museum); in 

Lortet and Chantre, 1879 

Mastodon virgatidens von 

Meyer 

Mastodon Zaddachi Jentzsch 

Mastodon wahlheimensis Klahn 

Zygolophodon pyrenaicus aure- 

lianensis Osborn 

Turicius turicensis simorrensis 

Osborn 
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Sprciric REFERENCE IN 
PRESENT MEMOIR 

= Zygolophodon borsoni 

=Zygolophodon borsoni 

= Turicius tapiroides 

= Turicius tapiroides 

=(?)Turicius tapiroides 

= Turicius tapiroides 

= Turicius turicensis 

= Zygolophodon borsoni 

= Turicius tapiroides-minus 

=Zygolophodon borsoni vialetii 

= Zygolophodon borsoni vellavus 

= Zygolophodon borsoni buffonis 

= Turicius atticus 

= Zygolophodon pyrenaicus 

=Zygolophodon borsoni affinis 

= Turicius virgatidens 

=Zygolophodon borsoni zaddachi 

= Turicius wahlheimensis 

[see Chap. VIII, p. 282, for 

description and figure] 

=Zygolophodon pyrenaicus aure- 

lianensis 

= Turicius turicensis simorrensis 

The chief succession in the discovery and description of the species of Zygolophodonts in Eurasia appears to 

GroLocic AGE 

Pleistocene (?) 

Pleistocene (?) 

Lower Miocene 

Lower Miocene 

Lower Miocene 

Upper Miocene 

Middle Pliocene 

Upper Pliocene 

Upper Pliocene 

Upper Pliocene 

Lower Pliocene 

Middle Miocene 

Middle Miocene 

Middle(?) Pliocene 

Upper Pliocene 

Upper Pliocene 

Lower Miocene 

Middle Miocene 



THE ZYGOLOPHODONTIN: HISTORY 193 

Cuvier, 1806.—In Chapter V, ‘History of the Classification of the Mastodontoidea, Families and Sub- 

families, 1705-1927,” we have recited Cuvier’s original description (1806) of ‘‘Petit mastodonte” (= Turicius 

tapiroides), a tooth from Montabusard, compared with one from Saxony; this specific description was confirmed 

by de Blainville in 1839-1864. Schinz (1824, p. 278) recognized Cuvier’s five classic species and added the 

zygolophodont species ‘Mastodon turicense’ from the Miocene lignites of Elgg, Canton Zurich, Switzerland. Sub- 

sequently the zygolophodont relationship of ‘Mastodon’ tapiroides and of ‘M.’ turicensis was recognized. 

Hays, 1834, AyMarp, 1847, Pome., 1848.—The next step was that of Hays, clearly distinguishing the Middle 

to Upper Pliocene zygolophodont species as Mastodon borsoni. Then followed the descriptions of Mastodon 

vialetii and of M. vellavus by Aymard, of Mastodon Buffonis by Pomel, and of Mastodon zaddachi by Jentasch—all 

of which species we now believe to be referable to Zygolophodon borsoni. See Hays’ type figure and description 

on page 207 below. 

Waaner, 1857.—In 1856 Gaudry and Lartet described Mastodon pentelicus. In 1857 Wagner cited (p. 140) 

the same animal as: “11. Mastodon atticus G. & L.,” thus apparently attributing the species pentelicus to Gaudry 

and Lartet, but under another name. In PI. vu, fig. 16, he referred to this species a maxillary fragment of another 

individual, on page 142 making reference to this specimen as follows: ‘In meinen friiheren Erérterungen 

Osborn | 
19335 

Fig 137. Geographic distribution (according to the numbers in the list opposite) of species of Zygolophodon and of Turicius. The white dots within the 

bluck areas represent the approximate localities where the types of these sixteen species were discovered. The white crosses represent referred specimens. 

The Japanese record is from the Tatsunokuchi, Lower Pliocene (Matsumoto, letter, 1924). 

dieser Ueberreste habe ich es nicht gewagt, sie einer bestimmten Spezies von Mastodon zuzuweisen. Gaudry und 

Lartet haben sie jetzt als Mastodon atticus bezeichnet; ihre ausfiihrliche Abhandlung, die noch nicht erschienen 

ist, wird jedenfalls die Griinde angeben, warum sie dieselbe von M. angustidens getrennt haben.” 

Osborn (1927) in the present Memoir points out that Wagner’s maxillary fragment (PI. vu, fig. 16) belongs 

to the genus T'uricius and by courtesy adopts Wagner’s specific name atticus. 

Gaupry, 1862.—Gaudry (1862, p. 153) pointed out that Cuvier established the name tapiroides on a single 

fractured milk molar (‘‘molaire de lait’’), a specimen which had been mentioned as early as 1783 by Defay; the 

third tooth cited by Defay was described by Cuvier as M. tapiroides. 
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Gaudry also pointed out, referring to Schinz, von Meyer, de Blainville, Lartet, and Kaup, that the teeth 

described throughout France as ‘M.’ tapiroides chiefly belong to the ‘M.’ turicensis Schinz. Gaudry then 

described (op. cit., p. 155) and figured (Pl. xxtv, figs. 1 and 2) the jaws of a young specimen of ‘M.’ turicensis from 

Pikermi, including three superior and inferior molars figured together in Pl. xxtv, fig. 1 (Fig. 165 of present 

Memoir); the superior premolars enlarged (Pl. xxtv, fig. 3) as compared with Cuvier’s Lower Miocene type, 

the inferior premolars also enlarged (Pl. xx1v, fig. 4—cf. Fig. 165 of present Memoirfor Dp,), and superior view of the 

jaw (PI. xxrv, fig. 2—Fig. 165 of present Memoir). These Lower Pliocene grinders of Pikermi age referred to ‘M.’ 

turicensis appear to be somewhat more progressive than the Upper Miocene stage of ‘M.’ turicensis of Schinz. 

The several characters cited by Gaudry are enumerated below in our specific description of ‘M.’ turicensis in the 

present Memoir. See Pl. m1, pp. 134-135, diagrams of Turicius molar evolution. 

LoRTET AND CHANTRE, 1879.—The next great step was that of Lortet and Chantre (1879), when they brought 

together as Group II the following six species: 

Mastodon tapiroides Mastodon borsoni Mastodon vellavus 
i turicensis me buffonis * vialetiz 

This Group II corresponds in large part with Vacek’s Zygolophodon published two years earlier. Finally, 

in 1909, practically the same zygolophodont group of species was adopted by Mayet. 

M. Borsoni Hays. M. arvernensis Cr. et Job. 
M. Twricensis vy. Pikermi----------:--+-: 1 M. atticus Wagner -+---------------~----M. Pentelici Gaud. 

Form y. Baltavar. MM. longirostris Kaup. 

Formen aus dem Flinz der Isar, 
d. Sandsteine von Veltheim, 
d. Leythakalke. ? Steinheim. 

M. tapiroides Cuv. M. pyrenaicus Lart. M. angustidens Cuv. : 
: Halbjoche in gleicher Linie. Halbjoche alternirend. 

Zygolophodon Bunolophodon 
a a ee ee, ___ _ 

Mastodon. 

Definition and phylogeny of Zygolophodon (subgenus Bunolophodon), in which the characters of the grinding teeth of 

Zygolophodon and of Bunolophodon (Mastodon angustidens, M. arvernensis) are contrasted. After Vacek, 1877, p. 45. 

Vacrexk, 1877.—Meanwhile Michael Vacek, the Austrian paleontologist, in his Memoir “Uber Osterreich- 

ische Mastodonten,” Vienna, July 1, 1877, gave a complete revision of the mastodonts of Europe from the primi- 

tive period of the contributions of Baldassari (1767), of Pallas (1777), of Buffon (1784), of Ildephons Kennedy 

(1785), to the contributions of Biedermann (1876). He especially mentions the masterly memoirs of Etienne 

Borson (Turin, 1820, 1823), the palzeontologist to whom Hays dedicated his species ‘Mastodon’ borsoni in 1834. 

The most valuable parts of Vacek’s contribution are his illuminating reviews of Mastodon tapiroides Cuv. 

(including M. turicensis, pp. 4-6), of M. borsoni Hays (pp. 6-11) in comparison with M. angustidens Cuv. (pp. 
12-25), with M. longirostris Kaup (pp. 25-33), and with M. arvernensis Croizet and Jobert (pp. 33-39). In the 

case of each species valuable observations are given upon the known geographic distribution, as well as the 
resemblances and differences of the grinding teeth in relation to other species. Vacek sums up (pp. 39-45) the 
clear separation of his ‘Group’ Zygolophodon from his ‘Group’ Bunolophodon, as presented in his diagram herewith. 
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We may by courtesy take Vacek’s group name as a valid definition of the genus Zygolophodon which he based 

on the species Mastodon borsoni, M. turicensis, and M. tapiroides (= M. pyrenaicus). 

Vacek’s diagnosis and diagram above embody a clear recognition of three distinct phyla corresponding 

with the three phyla of this Memoir, namely, the Zygolophodontine, the Longirostrinze (= Bunolophodon: ‘Halb- 

joche in gleicher Linie’’), and the Brevirostrine (= Bunolophodon: ‘‘Halbjoche alternirend’’). Vacek concludes 

as follows (p. 45): B. — MASTODONTES A MAMELONS DISPOSES EN CRETES 
X Mire ees. Pree TRANSVERSALES (TYPE LOPHODONTE) 

Das Vorkommen von Uebergangstypen in einer Zeit, wo die beiden 

Formengruppen noch nicht so scharf geschieden waren, wie wir dies in Mastodon turicensis Schinz. 
den jiingsten Ablagerungen sehen, hat demnach nichts Auffallendes an 1825, Mastodon tapirotdes. Cuvier, Ossements fossiles, t. 1. p. 267, 

sich, ja dasselbe muss sogar von vornherein erwartet werden, und die Pr i iy! Cf. aussi Guettard, Mémoires, t. V1, 10° m., 

Trennung der Formen nach Massgabe ihrer phyllogenetischen [sic] Ent- 1847. Mastodon turicensis. Schinz, Naturg. und Abbild. d. Séuge- 
. eae ; 5 5 thiere, 1827, p. 243. wickelung oder die Trennung in Zygolophodonte und Bunolophodonte :8{a, Mastodon tuviecnete 1 von Weyne, Pabeoulalagten wal Basokt= 

ist sonach eine natiirliche. Wollten wir uns zum Schlusse nach den in : chte der Erde und ihrer Geschopfe, Francfort. 
ae eh . q i” : rier a: 1850, Mastodon tapirofdes. Blainville, Ostéographic, G. Eléphant. 

diesem Aufsatze gegebenen Gesichtspunkten einen Ueberblick tiber die 1859. Mastodon Borsonii. G. Gervais (p. part.), Zoologie et Paléonto- 
bisher bekannten europiiischen Formen der Gattung Mastodon schaffen, logie .frangaises, 2° éd., p. 68. 

2 = ; . 2 1878. Mastodon affinis. Jourdan, Archives du Muséum de Lyon, t. II. 
so kénnte man sich die Gruppirung derselben in folgender Art denken. 1878. Mastodon tapiroldes. Lortet et Chantre, Recherohes sur lés 

Mastodontes (Archives du Muséum de Lyon, t. Il, p. 285. 
3 : pl. VII et IX). 

Mayet, 1908.—Whereas Vacek (1877) and Schlesinger (1917, 1887. Mastodon turicensis. Depéret, Vertébrés miocénes de la vallée 
pets du Rhone (Archives du Muséum de Lyon, t.1V, p. 131). 

1922) adhere to the name ‘Mastodon taptroides : throughout the 1908. Mastodon turicensis. L. Mayet, Mammiféres miocénes des sables 
de l'Orléanais et des faluns de la Touraine (Annales de 

Miocene, Mayet (1908, p. 196) abandons the above name in favor [Université de Lyon, fasc. 24); == des sables de l’Orléanais, 
‘ . «yy a 4 Res p. 194, pl. VIII, fig. 1 et 2; == des faluns du Blésois 

of ‘Mastodon turicensis’ owing to the uncertainty as to Cuvier’s p. 298, pl. XI, fig. 4 et 5. 

lost type specimen. Mayet, on the other hand, sharply distin- Type and referred species related to the Mastodon 
; : : ce tapiroides, M. turicensis, M. borsoni groups. After Mayet, 

guishes the species Mastodon pyrenaicus Lartet from M. tapiroides 909, ». 45—all referable to the Zygolophodontine. 

(=M. turicensis) and points out that M. pyrenaicus occurs in the 

Lower Miocene, Burdigalian stage, as well as in the Middle Miocene horizon of the type specimen of Lartet. 

Compare also Mayet, 1909, p. 45, Section B, ““Mastodontes 4 Mamelons Disposes en Crétes Transversales 

(Type Lophodonte)”’ herewith. 

KAHN, 1922, 1931.—-Klihn, in describing (1922) the mastodonts of Baden and Rheinhessen, cites the 

species Mastodon wahlheimensis, which the present author regards as belonging to the Zygolophodontine. 

This is included, therefore, in the list of species on page 192 as Turicius wahlheimensis; it is not described, how- 

ever, in the present chapter, but is briefly treated together with other of Klihn’s species in Chapter VIII, Sec. 

11, “Miocene and Pliocene Mastodonts of Baden and Rheinhessen,” on pages 281-283. 

2. COLLATERAL RELATIONSHIP TO THE SUBFAMILY STEGODONTIN& 

Compare Vou. II, CHap. XV, STEGODONTIN&H (SEE STEGOLOPHODON, PI. Iv, pp. 134-135) 

ScHLESINGER, 1917.—Schlesinger (1917) in describing his type specimen of Mastodon (Bunolophodon) longi- 

rostre Kaup forma sublatidens n.f., discovered near Teschen (Schlesien), Austria, proposes the new subgeneric 

name Stegolophodon for ‘Mastodon’ latidens Clift (see Schlesinger, p. 115, footnote) : 

Ich schlage fiir M. latidens [Clift], dassich durch seine kurze Symphyse von dem Subgenus Bunolophodon, durch seinen 

Molarenbau von Dibunodon entfernt, den Untergattungsnamen Stegolophodon vor. Der Name bringt einerseits die nahen 

Beziehungen zum Genus Stegodon, anderseits die Loslésung der Untergattung von Bunolophodon und ihre Sonderstellung 

gengentiber Dibunodon zum Ausdruck. 

Schlesinger’s type specimen of ‘Mastodon’ sublatidens from Teschen (Schlesien) certainly suggests the zy- 

golophodont form of molar, but it more strongly resembles Clift’s type of M. latidens from Burma, and stimulates 



CONTRASTS BETWEEN LOWER MIOCENE MIOMASTODON (FIG. 138A), TRILOPHODON (FIG. 138B, AND FIG. 139, 2), AND TURICIUS 

(FIG. 138 C, Cl, FIG. 139, 4, 5, AND FIG. 140) 

Lower Miocene. Turicrus (4, 5) anp TRILOPHODON (2) 

Fig. 139. Turicius turicensis [=tapiroides] (upper 4, 5) 

compared with Trilophodon pontileviensis (lower 2), one-half 

natural size. After Mayet, 1908, PI. x1, figs. 2, 4, and 5. 

Lower Miocene MIoMAsSTODON DEPERETI 

sp. Nov. (A), TRILOPHODON PONTILEVIENSIS 

(B), AND TuRICcIUS TAPIROIDES Rer. (C, C1) 

(Upper) Fig. 4.—‘‘ Mastodon turicensis [=T. tapiroides). 

Pontlevoy. Derniére molaire inférieure. Paris, Muséum. 

Grandeur naturelle.” Fig. 5.—‘‘7d. vue d’en haut.’”’ (See also 

Fig. 188. A, B, From the Sables de Fig. 138 C, C1.) 

VOrléanais, Lower Miocene; C, from Pontle- 

voy, Lower Miocene. After Mayet, 1908, PI. 
vu, figs. 3 and 5, Pl. x1, figs. 4 and 5, reduced 

to one-third natural size. 

These molar teeth exhibit the profound difference between 

the zygolophodont molar (above), resembling that of a primi- 

tive Stegodont with uninterrupted, widely open valleys, and the 

bunolophodont molar (below), in which the valleys are closed 

e . ‘ by the central conules. 
A, (Op. cit., Pl. vit, fig. 3): “3.—Mastodon 

angustidens, Chevilly (sabliére Cassegrain, (Lower) Fig. 2.—‘‘ Mastodon angustidens. Falun de Pont- 
au Glorieux, aoit 1877). Derniére molaire levoy. Derniére molaire supérieure. Communiquée par M. 
supérieure gauche. Paris, Muséum. Grandeur Jean de Bodard, Pontlevoy. Grandeur naturelle.” [=Trilopho- 

, naturelle.’ = Miomastodon depereti sp. nov. don pontileviensis. P I 

B, “5.—Mastodon angustidens. Chevilly. 

Derniére molaire supérieure [H. F. O. inféri- 

eure]. Paris, Muséum, Grandeur naturelle.” 

{ = Trilophodon pontileviensis.| 

We observe that the T'rilophodon grinders 
are much narrower than those of T'uricius. 

C, Cl (Op. cit., Pl. x1, figs. 4 and 5): “4.— 

Mastodon turicensis |= T. tapiroides H. F. O.). REFERRED TURICIUS TURICENSIS MOLAR 

Pontlevoy. Derniére molaire  inférieure. Fig. 140. A lower molar, 1.Me, from Murinsel, Croatia, 

Paris, Muséum. Grandeur naturelle. 5.— referred by Vacek to Mastodon [=Turicius] tapiroides, but 

Id. vue d’en haut.”” (See Fig. 139 for en- which appears to be closer to the stage Turictus virgatidens. 

larged view of these teeth.) After Vacek, 1877, Taf. vu, figs. 4, 4a, one-third natural size. 

Observe that in Trilophodon pontileviensis central conules block the two anterior valleys; there are four conelets of unequal size in each loph. Observe in 

Turicius that all four of the valleys are open and free of central conules; each loph consists of five to six conelets, foreshadowing the ecto- and entoserrate 

lophs of the genotypic species Turicius turicensis (Fig. 162). In the Simorre stage, T'uricius simorrensis (Fig. 141) displays serrate spurs from the ectoconelets. 
The Lower Miocene Trilophodon angustidens of France (cf. Trilophodon pontileviensis, Chap. VIII, fig. 230) is paralleled by 7. cooperi in India. 

The Lower Miocene Miomastodon depereti sp. nov. of France is fully described in the Appendix of the present Volume I. 
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our comparison of the type molar of Mastodon sublatidens Schlesinger with the type molar of Mastodon { = Stego- 

lophodon| latidens Clift. Schlesinger does not state whether he also applies his new subgeneric name Stegolophodon 

to his species sublatidens, but it is obvious that M. sublatidens and M. latidens belong to the same genus, i.e., 

Stegolophodon; consequently Osborn has referred Mastodon sublatidens to the subfamily Stegolophodontinz! 

(Chap. XV), where it is treated in detail as Stegolophodon sublatidens. See Pl. tv, pp. 134-135. 

ScHLossER, 1903.—Long prior to Schlesinger’s note, Schlosser suggested that primitive Asiatic species of 

Stegodon may have been derived from mastodonts related to the ‘Mastodon’ turicensis of western Europe. A remote 

resemblance may be observed between specimens from the upper Middle Miocene of Simorre, France (Fig. 141), 

referred to M. tapiroides by Lartet (made the type of Turicius turicensis simorrensis by Osborn in 1926), and 

specimens from the Middle Pliocene of Perim Island, India, Lydekker’s cotypes of M. cautleyi (see Fig. 142 A, B, 

Osborn’s lectotypes of Mastodon |= Stegolophodon] cautleyi). See Pls. u-1v, pp. 134-135 (Zygolophodon, Turicius, 

and Stegolophodon). 

Fig: 3 w. 
Ftg:3: 

Fic. 230. — Derniére molaire inférieure du Mastodon luricensis (lapiroides), 
aux 2/5 de grandeur. — Miocene moyen de Simorre, Gers. (D’aprés Lartet. ) 

Turicrus (C) anp StegotopHopoON (A, B) Form or Grinpinc TEEeru 

Fig. 141. (C) Type third right inferior molar, r.Mg, of Turicius turicensis simorrensis, erroneously determined by Lartet (1859, Pl. xv, fig. 3) as Mastodon 

lapiroides, two-fifths natural size. Upper Middle Miocene of Simorre. After Gaudry, 1878, p. 174, fig. 230. Reversed in drawing. See also pages 207 and 220. 

Fig. 142. Cotypes of Mastodon [ =Stegolophodon| cautleyi Lydekker, 1884. Lectotypes (Osborn), compare Volume IT. 

A, First superior molar of the left side, 1.M’, one-third natural size. After Faleoner and Cautley, 1846 [1847, Pl. ux, figs. 3, 3a], as “ Mastodon latidens.”’ 

Length 4 inches, width 2.3 inches. Brit. Mus. M.2817. Cast Amer. Mus. 26965. Perim Island. 

B, Third superior true molar of the left side, 1.M*, one-third natural size. After Falconer and Cautley, 1846 [1847, Pl. xxx1, figs. 6, 6a] as ‘“ Mastodon 

latidens.” Length 8.5 inches, width 4.5 inches. Brit. Mus. M.2705. Cast Amer. Mus. 26966. Perim Island. See also Lydekker, 1886.1, p. 73, fig. 18. 

A further striking resemblance to the Stegodon type is seen in the molar teeth referred by von Meyer to M. 

turicensis from the Upper Miocene lignites of Elgg and Kapfnach (Fig. 162). Finally the M. virgatidens type of von 

Meyer (Fig. 168) exhibits a progressive evolution somewhat closely parallel with progressive species of Stegodon. 

It is not impossible that the forest-living Zygolophodon phylum of southern Europe may have given rise in 

Lower Miocene time to forest-living animals which spread eastward into the forests of southern Asia and developed 

into the Stegodont phylum. This whole phylogenetic problem is so important that it is treated more fully in 

Vol. II, Chap. XV, the Stegodontine, of the Stegodontoidea superfam. nov. 

OsBorN, 1935.—Osborn is inclined to favor Schlosser’s suggestion of 1903 and Schlesinger’s suggestion of 

1917 that primitive European species (Stegolophodon sublatidens) may have given rise to primitive species of 

Stegodonts of Asia to which Schlesinger has given the new generic name Stegolophodon. See Pls. mu-1v, pp. 134— 

135, also full treatment in Chapter XV (the Stegodontinz). 

'See Appendix of the present Volume I, pages 685 ef seq. 



3. ZYGOLOPHODON AND TURICIUS INDEPENDENT PHYLA (OSBORN, 1926) 

OF THE ZYGOLOPHODONTIN OSBORN, 1923. PLATES II AND III 

As detailed above (pp. 192-197), beginning with Buffon in 1770 the Zygolophodontinz (Osborn, 1923.601) 

were clearly separated (Osborn, 1926.706) from the Mastodontine chiefly by (1) multiplying conelets, (2) increas- 

ing sharpness of the ridge-crests, (3) open central valleys, and (4) absence of central conules and reduction of sulcus. 

ScHLESINGER, 1917—1922.—In his detailed researches on the morphology, phylogeny, environment, and 

stratigraphy of the European mastodonts, Schlesinger gives repeated illustrations and summaries of the 

profound differences which exist between the species described in Europe as Mastodon borsoni and the species 

described as Mastodon tapiroides, the latter including the M. turicensis Schinz. We may therefore credit to 

Schlesinger (1922) the observation of clear and sharp distinctions not only between M. americanus and M. borsona, 

sufficient to place them in different phyla, but of still more importance the sharp distinctions between specimens 

referred to M. borsoni and those referred to M. tapiroides-M. turicensis. 

Osborn, 1927: Finally in studying the detailed structure and geologic stages of evolution of these Miocene and 

Pliocene Zygolophodonts, Osborn independently (1926.706, p. 3) concluded that they represent two genera, the 

included species of which may be given here as follows: 

Zygolophodon Vacek, 1877 Turicius Osborn, 1926 

Zygolophodon borsoni type, of Asti, Italy Turicius virgatidens type, of Fulda, Germany 

Turicius atticus type, of Pikermi, Greece 

Turicius turicensis type, of Elgg, Switzerland 

Zygolophodon pyrenaicus, Ile-en-Dodon, France Turicius turicensis simorrensis type, of Simorre, France 
Turicius turicensis ref., of Pontlevoy, France 

Zygolophodon pyrenaicus aurelianensis, Sables de Turicius tapiroides type, Caleaire de Montabusard, 

lOrléanais, France: France 

Whereas Vacek included Mastodon turicensis in his group Zygolophodon, Osborn points out that the type and 

referred specimens of Twuricius, extending from the Lower Miocene of Pontlevoy to the Middle Pliocene of 

Germany, are clearly separable from the type of the true Zygolophodon and constitute a distinct ascending series 

of species with certain resemblances in the grinders to the species grouped under the genus Serridentinus Osborn. 

They thus constitute the types of a distinct genus Turicius typified by the typical Mastodon turicensis of Schinz 

but embracing a whole series of stages extending from the Lower Miocene to the Middle Pliocene. 

4. RESUME OF THE GENERIC AND SPECIFIC DISTINCTIONS 

It appears that the Zygolophodon of Vacek divides into two generic phyla. Before we can clearly summa- 

rize the generic and specific characters of Zygolophodon and Turicius and the species included within them, it is 

necessary to concentrate our attention on the type geologic locality and level and the characters of the type grinding 

teeth. Previous failure in this respect has led to great confusion which exists even to the present time. 

Geologically the oldest type is the Turicius tapiroides Cuv. from the Lower Miocene lacustrine Caleaire de 

Montabusard, France, but there is no certainty as to the precise characters of the type specimen. Geologically 

the most recent type is the Zygolophodon borsoni from the Middle to the Upper Pliocene of Asti, Italy; al- 

though there is some reason to believe that this species may have survived in eastern Europe into Lower Pleisto- 

cene time; it certainly disappeared in western Europe at the close of Pliocene time. 
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Tyre Locauities.—The summary of the chief type localities, widely scattered through northern Italy 

Switzerland, Germany, and France, is as follows: 

Types Locauiries ORIGINAL NAME Speciric REFERENCE IN 
PRESENT Memoir 

Middle Pliocene, Villanova, Asti, Italy Type of Mastodon borsoni Hays, 1834 = Zygolophodon borsoni 

Middle Pliocene, Fulda, Frankfort, Ger- Type of Mastodon virgatidens von 

many Meyer, 1867 = Turicius virgatidens 

Lower Pliocene, Pikermi, Greece Type of Mastodon atticus G. & L. (in 

Wagner, 1857) = Turicius atticus 
Upper Miocene, Elgg, Canton Zurich, Type of Mastodon turicense Schinz. 

Switzerland 1824 = Turicius turicensis 
Middle Miocene, Ile-en-Dodon (Haute- Type of Mastodon pyrenaicus Lartet, 

Garonne), France 1859 = Zygolophodon pyrenaicus 

Lower Miocene, Caleaire de Montabusard, Type of Mastodon tapiroides Cuvier- 

France Desmarest, 1806-1822 =Turicius tapiroides 

Speciric CHaracTers.—Having thus distinguished the type geologic levels and localities, let us clearly distin- 

guish the characters of the type specimens in descending geologic order; these characters are based solely on the 

type grinding teeth, since our knowledge of the incisive tusks and of the characters of the jaws is very limited. 

Doubtless the tusks exhibit other distinct characters. See Pls. m and m1, pp. 134-135. 

Type M?*, Mastodon borsoni (see Figs. 154 and 111A, after Hays and Buffon) =Zygolophodon 
Third superior molars tetralophodont (4—4% crests), each loph composed of four! distinct and subequal conelets (‘mamelons’). 

Type M;, Mastodon virgatidens (see Fig. 168, after von Meyer) = Turicius 
Intermediate molars trilophodont, posterior molars subtetralophodont, lophs acute with five to nine connate conelets (‘ Wulst- 

kanten,’ ‘mamelons’); a serrate spur on superior internal conelets. 

Type M?, Mastodon turicensis (see Fig. 162, after Schinz) = Turicius 
Second superior and inferior molars trilophodont, each loph with five to siz more or less distinct conelets, no median 

sulcus; ridge-crests slightly arched or directly transverse; strong serrate spur on superior internal conelets. 

Type M;, Mastodon pyrenaicus (see Figs. 147, 148, after Lartet) = Zygolophodon 
Third inferior molar tetralophodont plus, i.e., 44 crested, each loph composed of three to four! more or less distinct conelets; 

no median sulcus; no serrate spur on external conelets; vestigial conules in anterior valleys. 

Type r.M; of Mastodon tapiroides (see Fig. 160, after Cuvier, Fig. 161, after Mayet, also Pl. m1 A, pp. 134-135). = Turicius 
Third inferior grinders tetralophodont, each loph composed of five to siz conelets; no median longitudinal suleus; vestiges 

of conules in the middle of the valleys; trefoil spur apparently on metalophid. 

GENERIC CHARACTERS.—From the above principal characters of the type grinding teeth we observe that the 

universal generic character both of Zygolophodon and of Turicius is the absence or reduction of the longitudinal 

sulcus, fissure, or commissure, which Hays pointed out as the chief character distinguishing his type (Fig. 154) 

of M. borsoni from M. americanus. The absence or reduction of this sulcus distinguishes all the ascending species of 

Zygolophodon and of Turicius, from early Miocene to late Pliocene or early Pleistocene time, from all the ascending 

or ancestral stages of Mastodon in the corresponding period. We also observe that the fission of the cones into 

‘conelets’ is rapidly progressive and distinct in Zygolophodon and in Turicius, whereas it is decidedly retarded in 

Mastodon. In many other features (compare Schlesinger, 1922) the progressive dental and skeletal evolution of 

Zygolophodon parallels that of Mastodon, as described in the previous chapter, namely, (1) the abbreviation of 

the jaws, (2) the suppression of the premolar dental succession, (3) the reduction of the lower incisive tusks, (4) 

the progressive abbreviation of the cranium. (5) From the fact that the Zygolophodon molars are relatively 

broader and shorter than those of Mastodon, it is probable that the cranium of Zygolophodon was more brachy- 

cephalic than that of Mastodon. 

We may therefore give the following provisional generic distinctions of Zygolophodon and of Turicius from 

Mastodon, which will be amplified as we gain a more thorough knowledge of the skeleton. See also the full 

distinctions cited below (p. 211) from Schlesinger, 1922; also compare Mayet, 1908 (p. 204 of the present Memoir). 

1Four conelets in types of Zygolophodon pyrenaicus and Z. borsoni; four to six conelets in progressive stages (Pl. 1 D-G). 
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MEDIAN VALLEYS OPEN, CENTRAL CONULES RUDIMENTARY OR ABSENT (9). Ser Pus. 1-111, pp. 134-135 

Mastodon 

Genotypic species: Elephas [= Mas- 
todon| americanus Kerr. 

1. Longitudinal sulcus persistent 
between internal and external cones. 

2. Main cones feebly subdividing 
at the summits into two conelets, pro- 
gressive to four (Fig. 89, Miomastodon). 

3. Retarded ‘trefoil spurs’ on supe- 
rior internal cones and on inferior ex- 
ternal cones. 

4. Grinders, Dp?-M®, relatively 
longer and broader, breadth-length 
index of M; not exceeding 57 (highest 
recorded index in Amer. Mus. speci- 
mens, Amer. Mus. 14345)—60. 

5. Upper incisive tusks rounded, 
enamel band persisting into Miocene 
time. 

6. Lower incisive tusks straight, 
cylindrical, variable. 

ZYGOLOPHODON 
Genotypic species: Mastodon borsoni 

Hays. 
1. Longitudinal sulcus disappear- 

ing, vestigial. 
2. Main cones strongly subdivid- 

ing into four to five subequal conelets, 
progressive to six (Fig. 151 and PI. 1). 

3. ‘Trefoil spurs’ vestigial or absent. 

4. Grinders relatively shorter and 
broader, index of M;=43—-45. 

5. Rudimentary conules or tubercles 
present in median valleys in early 
stages, i.e., Zygolophodon pyrenaicus ref. 

6. Upper incisive tusks rounded, 
enamel band disappearing early, before 
Lower Miocene time. 

7. Lower incisive tusks reducing 
early. Symphysis more abbreviated. 

TuRICIUS 

Genotypic species: Mastodon turt- 
censis Schinz. 

1. Longitudinal sulcus disappearing, 
vestigial. 

2. Main cones subdividing into five 
to nine conelets, i.e., summits of lophs 
with quintuple, to sextuple, to octuple, 
to nonuple conelets (compare Serri- 
dentinus serridens, Figs. 388 and 389). 

3. Strong ‘trefoil spurs’ on superior 
internal and inferior external cones, 
hence ‘serridentine.’ 

4. Grinders relatively longer, in- 
creasing in breadth. 

5. Central conules vestigial in the 
median valleys in early stages (T. 
tapiroides). 

6. Upper incisive tusks oval; en- 
amel band sharp, persisting late, absent 
in T. virgatidens. 

7. Lower incisive tusks suboval, 

vestigial in Pliocene stage. Symphysis 
less abbreviated. 

GENERIC DISTINCTIONS INTO Two GRouPs.—The Mastodontine so far as we know embrace one phylum of 

species, the Zygolophodontine, however, appear to embrace two phyla or groups (I and II) of species as follows: 

I. In Zygolophodon pyrenaicus, type and referred, and in Z. borsoni, each loph of the grinding teeth sub- 

divides into not more than four, to four and a half, to five to six conelets; the lophs are directly transverse not 

arched; trefoil spurs vestigial or absent. See Plate 1. 

Il. In Turicius turicensis and T. virgatidens, each loph subdivides into from five to nine to twenty-five conelets; 

strong trefoil spurs arise on the superior internal conelets and on the inferior external conelets. See Plate 11. 

Consequently we appear to observe two ascending contemporaneous generic and specific phyla which do not 

intergrade. Geologically these phyla show two independent lines of ascent. 

5. PROGRESSIVE CHARACTERS OF THE GRINDING TEETH 

I. Zygolophodon le 

Four to six persistent conelets on each 

grinding crest, ‘trefoil spurs’ vestigial 
or absent 

Turicius 

Five to nine conelets on each grinding 

crest, progressive to twenty-five, 

‘trefoil spurs’ more or less prominent 

Upper Pliocene 

Middle Pliocene 

Lower Pliocene 

Zygolophodon borsoni ref. 

Zygolophodon borsoni type, Asti, Italy Turicius virgatidens of Fulda, Germany 

Turicius atticus of Pikermi, Baltavar, 

ete. 

Upper Miocene Stage undescribed Turicius turicensis of Elgg and Kapf- 

nach, Switzerland 

Turicius turicensis of Sansan and 

Simorre, France=T7'. simorrensis 

Turicius turicensis, Faluns de Pont- 

levoy, France 

Turicius (?) tapiroides, 

Montabusard, France 

Parallel evolution with Stego- 
lophodon and Stegodon phyla 

Middle Miocene Zygolophodon pyrenaicus, Ile-en-Dodon, 

France 

Lower Miocene 

Lower Miocene Zygolophodon pyrenaicus aurelianensis, 

Sables de ]’Orléanais, France 
Caleaire de 

Parallel evolution with Mastodon 
americanus phylum 
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Turicius. Undoubtedly constituting a phylum (Group II) distinct from above 
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species of Zygolophodon 

(Group I) are the numerous grinding teeth referred by all recent European authors, especially Mayet, 1908, to 

‘Mastodon’ turicensis, first observed in the Lower Miocene Faluns de Pontlevoy and Sables de |’Orléanais, again 

Fig. 143. 

correlation. 

Middle (=Etage Helvétien) and Upper (=Etage Tortonien) Miocene 

After Depéret (1905-1908) and Osborn (1910.346, p. 258, fig. 129). 

Horizons 1-69 arranged in ascending geologic order. 

MIDDLE AND UPPER MIOCENE 
Horizon of Sansan. FRANCE.—Calcaire 

de 1 Sansan (Gers), lacustrine. 2 Jegun (Gers). Faluns de 3 Pontlevoy, 4 Sainte-Maure, 
5 Manthelan, in the basin of the Loire, marine. Mollasse de 6 pont de l'Herbasse, 7 Bren, 
8 Clérieux, near Romans, marines GERMANY.—Meeresmolasse (in Swabia) von 9 Baltrin- 
gen, Rammingen, Heggbach, Ursendorf, Hochgeland, 10 Hausen, 11 Niederstozingen, 12 Siisscn. 
Stisswasserkalk von 13 Georgensgmiind, 14 Engelswies (Bavaria). AUSTRIA-HUNGARY. — 
Braunkohle (in Styria) von 15 Eibiswald, Wies,16 Gériach, Gamlitz, 17 Voitsberg, Parschlug, 
Neufel, Leoben, Leiding, Feisternitz. Marine sands of Grund at 17a Guntersdorf (Lower 
Austria). Horizon of Simorre. FRANCE.—2 Bonnefond, St. Cristan (Gers). 2a Villefranche 
d'Astarac, calcaire de Simorre (Gers), lacustrine. Cinérites de 18 Tournon, in south central 
France. 19 /'Isle-en-Dodon (Gers). 20 Saverdun (Ariége). Mollasse de 21 Mirabeau (Vau- 
cluse), marine. Marine deposits of 22 Sorgues (Vaucluse). Marine deposits of 28 Romans 
(Dréme). Sidérolithiques de 24 La Grive-Saint-Alban (in large part) (Istre), 25 Mont Ceindre 
(Rhone), 26 Pretty near Tournus (Saéne-et-Loire), 27 Gray (Haute-Saéne). GERMANY.— 
In Swabia, Bohnerz von 28 Willmardingen, Jungnau (in large part), Siisswasserkalk von 
Steinheim, Ries, Urlau, 29 Nérdlingen, 30 Althausen. Bohnerz von $1 Mésskirch, 32 Genkin- 
gen, 33 Heuberg, 34 Melchingen. Gips von 85 Hohenhéven (Baden) (10 meters). AUSTRIA- 
HUNGARY. — In the intra-Alpine basin of Vienna, 36 Dornbach, Vordersdorf, Loretto, Marga- 
rethen, 37 Filnfkirchen (Hungary), calcaire de 38 Bruck-a.-Leitha; 39 Breitenbrunn, Abstdorf- 
Franzensbad, 40 Mannersdorf, 41 Neudorf. 42 Trauenzinen (Silesia). 43 Krivadia (Transyl- 
vania). 44 Gyulu-Mendru (Transylvania). 45 Pesth (Hungary). 46 Ssoskut (Hungary). 
RUSSIA. —47 Wosskressensk. Horizon of Saint-Gaudens. FRANCE.—48 Valentine, Saint- 
Gaudens (Haute-Garonne). 49 Montréjau (Haute-Garonne). SWITZERLAND.—Sands of 
50 Delsberg, near Basel. 51 Le Locle, in the northwest. 52 La Chauz-de Fonds, in the north- 
west. 53 Vermes, near Basel. Mergelkalke von 54 @ningen, near-Ziirich, fresh water. Lig- 
nites of 55 Elgg, 56 Kapffnach, near Ziirich. 57, Veltheim, near Ziirich, GERMANY.—In 
Bavaria: 11 Giinsburg; Reisensburg ; Sande von 58 Hdder, Dinkelscherben, Reichenau, 59 Dies- 
sen, 60 Dasing, Fraising, Tutzing, Stdtzling, Reichertshofen, 61 Frontenhausen, Flinz of Munich. 
62 Sankt Georgen (Baden). AUSTRIA.— 36 Heiligenstadt, Tegel von Hernals, in Vienna 
basin. ITALY.— Lignites of 63 Mt. Bamboli (Tuscany). SPAIN.—64 San I/sidro, near 
Madrid. PORTUGAL.—65 Aveiras de Baixo, near Oporto. RUSSIA.—66 Kriwoi-Rog 
(Kherson). 67 Nicolaicf, at the mouth of the Dnieper. 68 Sebastopol (Crimvu). 69 Tiraspol, 
near the mouth of the Dniester, Correlation of Depéret. 

TURICIUS VIRGATIDENS 
GERMANY 

2400 mm. 7’10Vve"e 

TURICIUS TURICENSIS " 2600MM., 8/64” e 
SWITZERLAND 

TURICIUS TAPIROIDES 2100MM.,6'1034"e 
FRANCE 

Ion 
ZYGOLOPHODON Shek Vee ee ae RELIANENSIS 2725mm,Bile 

Fig. 143a. Ascending x behiciaie succession of three 

species of Turicius and one of Zygolophodon. Compare Appendix. 

4. Turicius virgatidens of Fulda, Germany. Middle Plio- 
cene. 

3. Turicius turicensis of Elgg, Canton Zurich, Switzerland 

(see Fig. 143, 55). Upper Miocene. 
2. Turicius tapiroides, Calcaire de Montabusard, France. 

Lower Miocene. (See Fig. 146, 6). 

1. Zygolophodon pyrenaicus aurelianensis, Sables de |’Or- 

léanais, France. Lower Miocene. 

These outlines, restored to a one-hundredth scale, are chiefly 

after the grinding teeth and tusks, the skeleton and skull being 

relatively unknown or undescribed at the present time. 

in the Middle Miocene of Sansan and of Simorre, again in the Upper Miocene of Elgg and of Kapfnach, and 
finally in the Lower Pliocene of Pikermi and of Baltavar. These animals show the strong upper internal and 
lower external serrated ‘trefoil spur’ (‘Wulstkante’ of von Meyer) also characteristic of Serridentinus; in fact, 
the grinding teeth show certain resemblances to the species included within the genus Serridentinus, but the 
lower incisive tusks of Turicius are entirely different from those of Serridentinus. Von Meyer observes that the 
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lower incisive tusks of ‘M.’ turicensis are reduced and that the upper incisive tusks are oval in section and exhibit 

an enamel band in the specimens referred to M. turicensis from Kapfnach. In brief, there are many strong 

resemblances between the grinders of Turicius turicensis and the grinders of Serridentinus; consequently we are 

disposed to think that there may be an affinity of the genus Turiczus to Serridentinus which may be demon- 

strable by fuller knowledge. 

These animals certainly constitute a distinct genus, to which the name Twuricius is applicable. Whereas 

Vacek defined Zygolophodon (1877) on three species, namely, Mastodon borsont, M. turicensis, and M. tapi- 

roides (=M. pyrenaicus), the genus Zygolophodon would now rest solely on the following species, Mastodon 

borsoni and M. pyrenaicus. 

Osborn, 1935: In the Appendix of the present Volume are described two specimens of Turicius turicensis 

in the Munich Museum, which afford a fuller knowledge of the dentition, mandibular rami, and fore- and hind- 

limbs (see also Pl. m1, pp. 184-135). 

ANOMALOUS DOUBLE SuPERIOR INCISORS 

Pontier and Anthony (Dec. 2, 1929) describe the right and left premaxillaries of a cranium referred to 

‘Tetrabelodon’ turicensis Schinz, of the following geologic age: ‘‘Villefranche d’Astarac, dans le Gers-Calcaire de 

Simorre-Helvétien-Miocéne moyen.’ This interesting specimen, reconstructed in their figure 2 (op. cit., p. 1006— 

Fig. 144. Reconstruction by Pontier and Anthony, 1929, Fig. 145. Cranium of Lozxodonta africana, from Fort 

fig. 2, of the head of Turicius turicensis Schinz, of Villefranche Sibut, Equatorial Africa, exhibiting reduplication of the 

d’Astarac, exhibiting the supplementary superior incisive tusks; superior incisive tusks. After Anthony and Prouteaux, 

inspired by Abel’s restoration of Trilophodon angustidens. 1929, Pl. 1, fig. 1. 

reproduced herewith as Fig. 144), contains on both sides a supplementary superior incisor, which emerges im- 

mediately above the normal superior incisor (I?). This was regarded by Pontier (1926, p. 162) as representing a 

vestige of, or reversion to, the first superior incisor (I) of the ancestral proboscideans. As to this question of 

homology, it is doubtful whether this anomalous tooth represents such a reversion, or a duplication of the crown 

of the normal incisor (I?). This tooth has a diameter of 36 mm. as compared with 112 mm. in a normal tooth; it 

curves upwards rather than downwards; it is certainly an anomaly and not a specific character. 

Comparison may be made with an analogous Lozxodonta africana in the duplication of the superior incisors, as 

described by Anthony and Prouteaux (1929), of a wild elephant found in the Oubangui Chari region in French 

Equatorial Africa. In this instance the paired superior tusks, beautifully illustrated by the authors (PI. 1, figs. rv), 
emerge above the normal tusks and are directly horizontal in position, while the length nearly equals the normal 
(Fig. 145). According to the authors, such anomalies are not extremely rare among African elephants but they 
are decidedly exceptional; they are regarded by the natives as princes of the elephant tribe. We accept the inter- 
pretation of the authors (op. cit., pp. 30, 31) that these anomalous teeth correspond with the second incisors (I?) 
of Meritherium. 
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6. CHARACTERS OF ZYGOLOPHODON AND ITS INCLUDED SPECIES 

FAMILY: MASTODONTID Girard, 1852 

SuBFAMILY: ZYGOLOPHODONTIN® Osborn, 1923 

Genus: ZYGOLOPHODON Vacek, 1877 

Original reference: Vacek, Abh. geol. Reichsanst., VII, Heft IV, p. 45. Wien. 

Now resting on the genotypic species Mastodon borsoni and its apparently ancestral form Mastodon pyrenaicus. Compare Mastodon 
{=Stegolophodon] latidens of Burma, and Mastodon [=Stegolophodon] sublatidens Schlesinger of the Middle(?) Pliocene of Teschen (Schle- 

sien), Austria. The genus Stegolophodon Schlesinger, 1917, proves to be distinct from the genus Zygolophodon Vacek. (See Plates 
m-iv, between pp. 134-135.) 

GENERIC CHARACTERS OF ZyGOLOPHODON.—(1) Each loph divided into four to six distinct subequal 
conelets. (2) No trace of median longitudinal sulcus. (3) Conules or tubercles in median valleys disap- 
pearing in early stages. (4) Crests, i.e., lophs, directly transverse, not arched. (5) ‘Trefoil spurs’ vestigial 
or absent. (6) Fifth inferior crest, i.e., pentalophid, slowly progressive. (7) Superior incisive tusks 
rounded without enamel band (Z. borsoni). (8) Grinders permanently blunt, brachyodont (Z. borsoni), 
not becoming subhypsodont. (9) Progressive adaptations similar to those of Mastodon americanus 
rather than to those of T’uricius. Compare generic characters listed by Osborn above (p. 200) and by 
Schlesinger below (pp. 210, 211, 217). (10) No inferior enamel band (Z. pyrenaicus). 

The history of Vacek’s generic name is related above in the present chapter. Vacek founded the genus 
Zygolophodon on three species, Mastodon borsoni, M. turicensis, M. tapiroides (=M. pyrenaicus). Osborn (1926.706) 

removed the species M. turicensis and made it the type of a new genus, Turicius; he also now removes the 

species M. tapiroides' Cuvier to the genus T'uricius. 

(1) The chief genotypic species is Mastodon borsoni' Hays, Middle Pliocene of Asti, Italy. This stage is very 

distinctly characterized by the absence of a longitudinal suleus between the internal and external cones 

and by the presence of four distinct conelets in each loph, as clearly displayed in Hays’ type figure reproduced in 
facsimile (Fig. 154) below; many teeth from different parts of Europe have been referred to M. borsoni by various 

authors which lack the typical characters of the M. borsoni grinders; certain of the grinders figured by Lartet exhibit 

four and a half to five conelets in one or more of the crests. 

(2) Fortunately Lartet’s type of Mastodon pyrenaicus (Figs. 147, 148) from the Middle Miocene of Ile-en- 

Dodon clearly exhibits four distinct conelets also tubercles in the first median valley. Mayet (1908, p. 197) also 
records it in the Lower Miocene, Sables de |’Orléanais, to which stage Osborn (1926.706) assigned the new sub- 

specific name Zygolophodon pyrenaicus aurelianensis. 

(3) UNCERTAINTY AS TO M. TAPIROIDES TYPE SPECIMEN.—The type molar of Mastodon tapiroides Cuvier from 

the Lower Miocene Caleaire de Montabusard, France, has been lost and there is a difference of opinion as to 

whether it is a true molar, or a deciduous premolar (Dp*, Dp,, von Meyer, Gaudry): Cuvier’s figure reproduced in 
facsimile below (Fig. 160) certainly shows five main conelets in each transverse crest and intermediate tubercles 

or conules in the first and second valleys. The anterior portion of the crown is broken off. Mayet’s new figure 

(Fig. 161) of the type shows five conelets and a ‘trefoil spur,’ which relate this specimen to T'uricius; he regards it 

as ancestral to Twricius (see p. 205). Osborn (1935) determines this molar as an r.M; (see Pl. 1m A). 

1 Mastodon tapiroides was selected by Matthew as the type of Zygolophodon Vacek, 1877 (see Matthew, 1918.1, p. 200, footnote). 
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As von Meyer and Gaudry observed, the type appears small for a true molar. It is possible that when the 

type of M. tapiroides and other molar teeth from the Calcaire de Montabusard are studied, they may be found to 

exhibit characters other than those represented in Cuvier’s type figure, on which our present description of this 

species rests. As independently observed by von Meyer and Gaudry, all the early French writers, including 

Lartet (1859), erred in referring similar specimens to Cuvier’s species M. tapiroides. Von Meyer on the other 

hand states that there is no resemblance between the typical M. turicensis and the typical M. tapiroides; he con- 

siders (1867, p. 50) M. turicensis (tapiroides) as identical with M. borson. 

(4) Mayet (1908, pp. 194-197) considers that: (1) Cuvier’s type is not certainly derived from the Calcaire de 

Montabusard but more probably from the Sables de Chevilly or d’Ingré (see also Gervais, 1859, p. 68); (2) this 

small type may well be regarded as a milk tooth (‘‘dent de lait”). 

Fig. 146. Chief Lower Miocene localities (=Etage Burdigalien, Sables de l‘Orlé- 

anais Stage) and correlation of France, Switzerland, and Austria. After Depéret (1905- 

1908) and Osborn (1910.346, p. 250, fig. 126). 

LOWER MIOCENE bBurdigalian. FRANCE.—Sables de 1 Neuville-aur-Bois 
(Loiret), fluviatile, sables de Rebréchien, 2 Marigny, 3 Fay-aux-Loges, 4 Beaugency, 5 Tavers, 
6 Les Barres, Artenay, marnes du Blésois, caleaire de Montabuzard (Loiret), lacustrine. Sables 
de 7 Chilleurs, Chevilly (Loiret), 8 Neuvilly, near Belgian frontier, fluviatile. Sables de 9 Ruan, 
north central France. Calcaires et marnes de 10 Suévres (Loire-et-Cher). Faluns et calcaires 
de 11 Pontlevoy, faluns et sables de Thenay, in la Touraine. Sables de 12 Chitenay (Loire-et- 
Cher), fluviatile. Faluns de 18 Manthelan, in la Touraine, marine. 14 Saint-Nazaire-en- 
Royans (Dréme). Mollasse blanche de 15 Angles (Gard). LOWER-AUSTRIA. — Mollasse 
of 16 Eggenburg, marine. Marine deposits of 17 Linz. SWITZERLAND. — Muschelsand- 
stein von 18 Briittelen, 19 Macconens, La Moliére, 20 Bucheggberg, western Switzerland, 
marine. PORTUGAL.— Mollasse of 21 Horta de Tripas, near Lisbon. GERMANY.— 
Spalte der Schieferbriiche von 22 Solenhofen (Bavaria). Correlation of Depéret. 

Osborn, 1925: Cuvier’s type is refigured by Mayet (1908, p. 195, fig. 66), as reproduced in figure 161 of the 

present Memoir; Mayet’s figure (of natural size) exhibits five to six conelets in each loph, also a ‘trefoil spur,’ 

and certainly resembles the M. turicensis type, i.e., Turicius, more closely than the M. pyrenaicus type with its 

four conelets in each loph. Mayet concludes that, owing to the uncertainty as to Cuvier’s type, the specific name 

M. tapiroides Cuv. cannot be conserved and should be replaced by the name M. turicensis (op. cit., p. 196), “je 

crois préférable de suivre l’exemple de la majorité des auteurs en adoptant le nom de M. turicensis pour désigner 

lespéce de |’Orléanais 4 dents tapiroides.’’ Mayet continues (op. cit., p. 197) that M. pyrenaicus also occurs in 

the Sables de l’Orléanais: ‘Le M. pyrenaicus que l’on trouve représenté dans les sables de l’Orléanais, se sépare 
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assez nettement du M. turicensis par ses molaires mi-partie tapiroides, mi-partie bunodontes pour que je n’hésite 

pas 4 maintenir distincte cette espéce créée par Lartet, d’aprés un certain nombre de piéces provenant de la région 

pyrénéenne (Saint-Frajou, Castelnau-Magnoac, Moncamp, etc.).’’ The species M. turicensis, i.e., tapiroides, 

extends throughout the entire Miocene period (Mayet, op. cit., p. 197): ‘‘L’Age géologique du M. turicensis com- 

prend tout l’ensemble du Miocéne. On le voit apparaitre, comme je viens de |’indiquer, dans le Burdigalien de 

VOrléanais. On le retrouve pendant tout le Vindobonien et il se montre assez abondant dans la faune des Faluns 

de la Touraine.”’ 

Conclusions, Osborn, 1925: Our conclusion from Mayet’s observations cited above is as follows: Both 

Mastodon pyrenaicus and M. tapiroides occur in the Lower Miocene Sables de |’Orléanais or Burdigalian; it follows 

that Group I (=Zygolophodon) and Group II (=Turicius) were separated from each other in Lower Miocene time. 

DepkRET AND Mayet, 1925.—The recent views of Depéret and Mayet (letter, November 9, 1925), differ- 

ing as regards T'uricius, are as follows: 

J’ai da différer de quelques jours ma réponse a votre lettre du 21 octobre dernier en raison de ce que je tenais 4 la soumettre 
ai Monsieur Ch. Depéret. C’est donc son opinion bien plus encore que la mienne, que je vous exprime. La figure que j’ai donnée 
du M. tapiroides du caleaire de Montabusard, est la photographie agrandie de la figure type de Cuvier ramenée 4 la grandeur 
naturelle. Le M. pyrenaicus est & considérer comme un représentant d’un rameau différent, indépendant, du M. turicensis. II 
ne semble pas possible de le rattacher au phylum T'uricius, non plus qu’a tout autre. M. tapiroides et M. turicensis se présentent 
comme deux mutations d’un méme rameau phylétique: l’une, plus ancienne, du Burdigalien; l’autre, plus récente, du Vindo- 
bonien. M. Borsoni et M. americanus sont bien certainement deux représentants d’un méme groupe, sinon d’un méme phylum. 
Toutefois M. Depéret se refuse absolument 4 admettre un passage quelconque ou une convergence de passage au Stegodon. M. 
Borsoni n’est connu nulle part en Europe avant le Pliocéne. Vous connaissez certainement les deux beaux volumes, largement 
illustrés, de Schlesinger sur les Mastodontes d’Autriche et de Hongrie ainsi que le travail du méme paléontologiste de Vienne 
paru en 1919: ‘Die stratigraphische Bedeutung der europiischen Mastodonten,’ Mitteilungen der Geologischen Gesellschaft in 
Wien, Band XI, 1918. Il indique bien que c’est seulement dans le ‘Levantin’ que M@. Borsoni apparait dans |’ Europe orientale 
tandis qu’en France, c’est dans le Pliocéne inférieur (ancien). 

The above opinions of Depéret and of Mayet concur in many points with those independently reached by 

Osborn (1925) in this Memoir, except that these distinguished colleagues do not place ‘M.’ pyrenaicus in the 

ancestral phylum leading to ‘M.’ borsoni, as Osborn at present is inclined to do. See Pl. u, pp. 1384-135. 

Rariry.—The extreme rarity of remains of specific stages of Zygolophodon is probably attributable to the 

strictly forest-living habits of these animals, similar to the forest-living habits of the Mastodontine, true masto- 

donts, which are rarely found fossil in the Tertiary of Europe or America but suddenly appear in great abundance 

in the Pleistocene forests of North America. Similarly Zygolophodon borsoni is relatively abundant in the Upper 

Pliocene deposits of all parts of Europe and of western Asia, but no traces of its ancestors have hitherto been 

deseribed from the Lower Pliocene or Upper Miocene deposits of Europe. Consequently the succession of specific 

stages leaves many gaps, as shown in the following conspectus of the species placed in ascending geologic order. 

4. Mrppie ro Uprer PLIOCENE. ZYGOLOPHODON BORSONI Hays, 1834. 

Type r.M$, ap. 155+ mm., tr.87+ mm.; four conelets (‘mamelons’) subequal insize, six conelets in certain crests. 
Incisive tusks without enamel. 

3. Upper Miocene. Stage undescribed. 

2. Mtppie Miocenr. ZyYGOLOPHODON PYRENAICUS LARTET, 1859. 

_ Type r.Mg, ap. 6% inches, or 155 mm., tr. 2% inches, or 70 mm.; intermediate conules in first and second valleys, 
third valley without tubercles (Lartet). Pentalophid consisting of two small cones; external and internal conelets 
much larger than median conelets. 

1. Lower Mtocenr. REFERRED ZYGOLOPHODON PYRENAICUS LARTET (FIDE Mayet, 1908, p. 198), SUBSPECIES AURELIANEN- 
sts OsBorN, 1926. 

Sables de l’Orléanais, Chevilly (?), Cassegrain, Avaray. Four conelets in each loph, intermediate tubercles in the 
valleys. This stage is now known as Zygolophodon pyrenaicus aurelianensis, since the abundant remains listed by 
Mayet (1908, p. 198) below are undoubtedly distinct specifically or subspecifically from the typical Middle Miocene 
Zygolophodon pyrenaicus of Lartet. 



OSBORN: THE PROBOSCIDEA 

REFERRED ZYGOLOPHODON PYRENAICUS OF THE LOWER MI0cENE 

Mayet (1908, p. 198) confirms the clear specific distinction of M. pyrenaicus and adds the very important 

fact that several specimens referable to M. pyrenaicus occur in the Lower Miocene, Burdigalian, fauna: 

J’ai retrouvé les principaux caractéres indiqués par Lartet comme spécifiques du M. pyrenaicus sur quelques piéces décou- 

vertes dans les sables de la région d’Orléans: Un fragment de défense supérieure (Chevilly, sabliére Cassegrain, collection 

Nouel) est de coupe sensiblement ovalaire, sans la moindre trace de bande longitudinale d’émail; ... Une Ms; supérieure 

gauche (Avaray, musée d’Orléans) déterminée par M. Lartet lui-méme, est 4 couronne trés large, supportant quatre collines 

dont les deux premiéres ont leurs vallons partiellement interceptés par un tubercule accessoire; les deux collines postérieures, 

plus comprimées, presque tapiroides, sont séparées par des vallons libres; le talon postérieur est en forme de créte crénelée; . . . 

Une Mp supérieure droite du musée d’Orléans,. . . provenant de Beaugency et déterminée par M. Lartet; ... Une My 

inférieure (musée d’Orléans, sans localité indiquée) est 4 trois collines, avec, en arriére, un assez fort talon tuberculé. 

Le M. pyrenaicus avec sa dentition & caractére mixtes—buno-lophodonte—se rapproche a la fois du M. angustidens et du M. 

turicensis. Il marque peut-étre le début de l’apparition des Mastodontes 4 dents tapiroides au commencement du Miocéne et ne 

parait pas dépasser les horizons supérieurs du Miocéne moyen. 

Since Mayet observes both M. pyrenaicus ref. and M. turicensis ref. from the Sables de lOrléanais, the 

separation of Zygolophodon (=M. pyrenaicus ref.) from Turicius (= M. turicensis ref.) in Lower Miocene, Burdi- 

galian, time is completely established. 

Zygolophodon pyrenaicus Lartet MS. (in Falconer, 1857), 

Lartet, 1859 

Figures 147, 148, Pl. 1 B, pp. 134-135 

Type: Middle Miocene, Ile-en-Dodon (Haute-Garonne), France. 

Referred: Lower Miocene, Sables de l’Orléanais, France. 

Lartet’s type of M. pyrenaicus was examined by Falconer in 

1857 and, owing to the presence of intermediate tubercles or conules 

in the anterior valley, was confused with his Trilophodon. Lartet’s 

description, however (1859, p. 513), cited below, clearly distin- 

guishes this excellent type molar from that of T’rilophodon angusti- 

dens and compares it with that of Mastodon tapiroides and with 

that of M. turicensis, which Lartet considered as identical species; 

by others M. pyrenaicus has been identified with M. turicensis, 

but Depéret remarks (1887, p. 131) that it is clearly distinguished. 

The distinction between M. turicensis and M. pyrenaicus is well 

displayed in figure 148. Also see Plates 1 and mt, pp. 134-135. 

M. (Triloph.) Pyrenaicus Lartet MS. (in Falconer, 1857). 

Falconer, ‘On the Species of Mastodon and Elephant occurring 

in the fossil state in Great Britain.’’ Quart. Journ. Geol. Soc. 

London, XIII, Pt. I, table opposite page 319. 

M. (Mastodon) pyrenaicus Lartet, 1859. ‘Sur la dentition des 

proboscidiens fossiles (Dinotherium, Mastodontes et Eléphants) 

et sur la distribution géographique et stratigraphique de leurs 

débris en Europe,’’ Bull. Soc. géol. France, (2), XVI, p. 513. 

Typr.—A right third inferior molar, r.M3. Horizon AND 

Locauity.—From near lle-en-Dodon (Haute-Garonne), France. 

Middle Miocene. TyprE Ficure.—Lartet, 1859, Pl. xv, fig. 4. 

Tyre Description.—(Lartet in Falconer, 1857, opp. p. 319): 

“5. M. (Triloph.) Pyrenaicus (Lart. MSS.) Upper Miocene. 

... France.” (Lartet, 1859, p. 513): “Derniére molaire inférieure 

droite de M. pyrenaicus des environs de |’Ile-en-Dodon (Haute- 

Garonne). Cette espéce forme le passage du type A dents tapiroides 

au type 4 dents mamelonnées. La moitié antérieure de la dent a ses 

vallons en partie interceptés par des tubercules intermédiaires. 

Les vallons qui séparent les deux collines subtapiroides de la partie 

postérieure restent entiérement libres. Longueur de la couronne 

de cette dent qui provient d’un petit individu, 0,155; largeur entre 

les deuxiéme et troisiéme collines, 0,070.” 

Depéret, 1887, Pp. 131.—It was recognized as a valid species 

by Depéret (1887, p. 131) as follows: “‘Le Mastodon Pyrenaicus, 

Lart., se sépare assez nettement du M. Turicensis, au moins a 

l'état adulte, par la forme des mamelons de ses molaires, qui ont 

conservé sur la moitié antérieure de chaque dent la forme arrondie 

- Fic. 229. — Dernitre arriére-molaire inférieure de Mastodon pyrenaicus , 
a 1/2 grandeur. — Miocene moyen de I’'Ile-en-Dodon. (D’aprés Lartet.) 

Type oF ZyYGOLOPHODON PYRENAICUS. MippLE M10cENE 

Fig. 147. Type r.M; of M. (Triloph.) pyrenaicus (Lartet MS., fide 
Falconer, 1857, table opposite page 319); Lartet, 1859, Pl. xv, fig. 4. 

Middle Miocene. After Gaudry, 1878, p. 174, fig. 229. See figure 148, 

lower, of the present Memoir. 

des Mastodontes omnivores, tels que le M. angustidens. M. le 

Prof. Gaudry (Mammif. tertiaires, p. 175) est disposé 4 admettre 

que les dents de M. Pyrenaicus seraient ‘des molaires de M. 

angustidens qui tendent 4 devenir des dents de M. Turicensis.’” 

Osborn, 1922: The type of M. pyrenaicus apparently belongs 
to an animal of larger size than Cuvier’s type of M. tapiroides, 

inasmuch as Mz attains a length of 64 inches. The stage of evolu- 

tion is closely similar. In evolution, the three posterior lophs, 

with four ‘mamelons’ on each loph, agree quite closely with the 
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corresponding three posterior lophs in the Cuvier type of M. 

tapiroides, of Lower Miocene age. The type from Ile-en-Dodon 

(Haute-Garonne) was treated by Gaudry and Lartet as of Middle 

Miocene age. Depéret regards Ile-en-Dodon as of the same age 

as Simorre (cf. Osborn, 1910.346, p. 258—our Fig. 143) and a little 

more recent than Sansan, Middle Miocene. The original of the 

wood engraving after Gaudry (Fig. 147) is reproduced below (Fig. 

148) directly after Lartet. 

(Upper) TuRICIUS TURICENSIS SIMORRENSIS OSBORN TYPE AND 

(Lowrr) ZyYGOLOPHODON pPYRENAICUS LARTET Type. Compare FiaureE 141. 

Fig. 148. Lartet’s type, r.M3, of Mastodon pyrenaicus (Lartet MS., fide 
Falconer, 1857, table opposite page 319; Lartet, 1859, Pl. xv, fig. 4) com- 

pared with an r.Mg3 (Pl. xv, fig. 3) erroneously determined by Lartet as 

M. tapiroides, now the type of Turicius turicensis simorrensis Osborn, 1926. 
After Lartet 1859. 

Upper figure. (Op. cit., p. 513): “Fig. 3. Derniére molaire inférieure droite 

du M. tapiroides des environs de Simorre (Gers). La hauteur des collines 

dépasse |’épaisseur de leur base. Les vallons qui les séparent sont en partie 
interceptés par une aréte récurrente tuberculée dans le fond. La base interne 
de la couronne est entourée d’un collet saillant. Longueur de la couronne, 
0,205; largeur entre les deuxiéme et troisiéme collines, 0,083.”’ 

This molar was chosen by Osborn, 1926.706, p. 4, fig. 2, as the type of 
the subspecies T'uricius turicensis simorrensis. See pages 219 and 220. 

Lower figure. (Lartet, 1859, p. 513): “Fig. 4. Derniére molaire inférieure 

droite de M. pyrenaicus des environs de |’Ile-en-Dodon (Haute Garonne). 

Cette espace forme le passage du type A dents tapiroides au type A dents mame- 

lonnées. La moitié antérieure de la dent a ses vallons en partie interceptés 
par des tubercules intermédiaires. Les vallons qui séparent les deux collines 
subtapiroides dela partie postérieure restent entiérement libres. Longueur de la 
couronne de cette dent qui provient d’un petit individu, 0,155; largeur entre 

les deuxiéme et troisiéme collines, 0,070.” 

Zygolophodon pyrenaicus aurelianensis Osborn, 1926 

Lower Miocene, Sables de l’Orléanais, Chevilly (?), Cassegrain, Avaray, 
France. No type figure available to the author. 

In 1926 Osborn (1926.706, p. 2) proposed the subspecific 

name Zygolophodon pyrenaicus aurelianensis for this Lower 

Miocene stage, to include the abundant remains listed by Mayet 
(1908, pp. 198, 199), as given below,' which in the present writer’s 
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opinion are undoubtedly specifically or subspecifically distinct 

from the Middle Miocene Zygolophodon pyrenaicus of Lartet. 

Zygolophodon pyrenaicus aurelianensis Osborn, 1926. “ Addi- 

tional New Genera and Species of the Mastodontoid Proboscidea.”’ 

Amer. Mus. Novitates, No. 238, p. 2. CoryprEs.—(Op. 

cit., p. 2); ‘‘Superior tusks and superior and inferior molars 

designated by Mayet as follows (Mayet, 1908, pp. 198, 199): 

‘Un fragment de défense supérieure (Chevilly, sabliére Cassegrain, 

collection Nouel)est de coupe sensiblement ovalaire, sans la moindre 

trace de bande longitudinale d’émail; . . . Une Mz supérieure 

gauche (Avaray, musée d’Orléans) déterminée par M. Lartet 

lui-méme, est 4 couronne trés large, supportant quatre collines 

dont les deux premiéres ont leurs vallons partiellement interceptés 

par un tubercule accessoire; les deux collines postérieures, plus 

comprimées, presque tapiroides, sont séparées par des vallons 

libres; le talon postérieur est en forme de créte crénelée; . . . Une 

M, supérieure droite du musée d’Orléans. , . . provenant de 

Beaugency et déterminée par M. Lartet; . . . Une Mp inférieure 

(musée d’Orléans, sans localité indiquée) est A trois collines, avec, 

en arriére, un assez fort talon tuberculé.’”’ HORIZON AND 

Locatitry.—Sables de ]’Orléanais, Chevilly (?), Cassegrain, Avaray, 

France. Lower Miocene. 

Speciric CuHARAcTEeRs.—(Osborn, 1926.706, p. 2): ‘Four 

conelets in each loph, intermediate tubercles in the valleys. The 

superior incisors are of oval section and lack all traces of the longi- 
tudinal enamel band.”’ 

Zygolophodon borsoni Hays, 1834 

Figures 84, 111, 154, and Pl. u, pp. 134-135 

Type: Middle Pliocene, from near Villanova, Province of Asti, Pied- 
mont, Italy. 

Referred: Upper Pliocene of western Eurasia. 

Syn.: Mastodon vellavus Aymard, 1847; Mastodon Vialetii Aymard, 

1847; Mastodon Buffonis Pomel, 1848; Mastodon affinis Jourdan, 1859. 

According to Lortet and Chantre, also Depéret and Mayet, the above species 
are chieflysynonymous with Mastodon borsoni Hays. The obscure type descrip- 

tion of M. borsoni by Hays was probably not accessible to these authors. 

Hays’ definition of this very important Middle to Upper Plio- 

cene species, genotypic of the genus Zygolophodon, is consistent 

with his type figure (Fig. 154) also with Buffon’s figure (1778) 

reproduced in figure 111 of the present Memoir. Etienne Borson, 

to whom this species was dedicated, described the same tooth as 

Mastodon giganteum, but called attention to its similarity to the 
tooth figured by Buffon. Hays observes (1834, p. 334): “we feel 
persuaded that it does not appertain to that species [M. giganteum|, 

the denticles having no longitudinal commissure,” thereby allud- 

ing to the absence of the median sulcus or longitudinal fissure which 

separates the internal and external cones in Mastodon americanus. 

Borson, 1820-1823.—In 1820 (‘‘Mémoire sur des Machoires 

et des Dents du Mastodonte dit Mammouth, Trouvées Fossiles en 

Piémont.” Mem. Accad. Sci. Torino, XXIV) and again in 1823 

(‘Note sur des Dents du Grand Mastodonte Trouvées en Piémont 

et sur des Machoires et Dents Fossiles Prises dans la Mine de Houille 
de Cadibona Proche Savone.’”’ Mem. Accad. Sci. Torino, XX VII, 

p. 31) Professor Etienne Borson described and figured (Tav. 1) 

from near Villanova, Province of Asti, Piedmont, the portion of 

a jaw with grinders of a species “A dents étroites’’ to which 

Hays (Trans. Amer. Phil. Soc., 1834, p. 334) refers as follows: 

, ‘Mayet’s description (1908, pp. 198, 199) of this Lower Miocene ‘Mast.’ pyrenaicus is without figure. The specific distinctions are: (1) Oval superior 
incisors with no trace of enamel band; (2) third superior molar bunolophodont, four ridge-crests, crown relatively broad, posterior talon crest crenulate. 

q 



CONTRASTS IN MASTODON AND ZYGOLOPHODON MOLAR CROWNS 

Fig. 151. Second and third inferior grinders, 1. M2, M3, of Zygolophodon 

borsoni; enlargement of same teeth as shown in figure 150. One-third natural 

size. Observe 4-5-6 conelets in proto-, meta-, and tritolophids respectively. 

Fig. 152. Type of Mastodon Zaddachi Jentzsch, a second right inferior 

i molar, r.Me, length 112 mm., breadth 78 mm., index 69.6. From Thorn, 

i west Prussia. Regarded as a subspecies or geographic variety of Zygolopho- 

don borsoni, namely, Zygolophodon borsoni zaddachi. One-third natural size. 

After Jentzsch, 1883, Taf. v, fig. 6a. 

Observe in Mastodon a median fissure, separating single inner and outer 

lobes. In Zygolophodon no median fissure; multiple conelets, sharp ridge- 

crests. 

Fig. 149. Crown view of inferior dentition and jaw of Mastodon americanus, 

containing Dpi, Mi, Me, and Mz anterior lophs. After Warren, 1852, Pl. v, one- 

sixth natural size. Reproduced for comparison with Zygolophodon borsoni. 

Fig. 153. Third superior molar, 1.M%, of 

Zygolophodon borsoni from ‘‘Le Petit-Rosey, 

vallon de Rochecardon, prés Lyon,” France. 

After Lortet and Chantre, 1879, Pl. xvr (bis), 
one-third natural size. Observe four main 

conelets and crenulated or plicated slopes of 

Vig. 150. Inferior dentition and jaw of Zygolophodon borsoni from Vialette (Haute- the lophs, suggesting those in Mastodon ameri- 
Loire), France. After Lortet and Chantre, 1879, Pl. xv1, figs. 1, 1a, one-sixth natural size. canus plicatus Osborn (Fig. 120), as a parallel 
Reproduced for comparison with Mastodon americanus. character. 
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Masropon norsont Hays, 1834.—‘‘ In the third volume of the 

Memorie della Reale Accademia delle Scienze di Torino, professor 

Borson has described a tooth, found at Villanova d’Astiea, in 

Piedmont, and which he ascribes to the [Mastodon] giganteum. 

After a careful examination of the description and drawing, in the 

work referred to, and of a cast of the tooth, in the Cabinet of the 

Academy of Natural Sciences of this city, we feel persuaded that it 

does not appertain to that species, the denticules having no longi- 

Vig. 154. 

natural size. Originally figured two-thirds natural size by Borson 

(1823, Vol. XX VII, Tav. 11) and referred by him to M. giganteum. 

Type r.M® of Mastodon borsoni Hays, 1834, one-third 

From Villanova d’Astica, Piedmont, Italy. Cast No. 13352, Phila- 

delphia Academy of Natural Sciences; cast Amer. Mus. 19238, gift 

of the Geological Institute of Turin, 1926. Reversed to show natural 
position of molar. 

Lortet and Chantre (1879, p. 305) observe that Mastodon borsoni 

was described for the first time in 1823 [1820] by l’abbé Borson, 

(1820, Mem. Acead. Sci. de Turin, III, p. 160), and that Hays, 

who had in his possession a tooth [east] found near Asti, Italy, ap- 

plied to it the name of borsoni in honor of the abbé. 

tudinal commissure. It probably belongs to a new species, and we 

would suggest the propriety of dedicating it to professor Borson, 

under the name of M. Borsoni.” 

Osborn, 1925: This is the sixth reference to the occurrence of 

a member of the Zygolophodontine, namely, of M. borsoni, in 

Europe. As to the type, Professor Borson’s designation (op. cit., 

1823, p. 33) is as follows: “La dent qui a quelque rapport avec la 

notre est celle que M. de Buffon a figurée dans le tome V du supplé- 

ment 4 V’histoire naturelle, pl. 1, pag. 512, qu’il avait regue de M. 
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de Vergennes; avec cette différence cependant que dans la nétre il 

n’y a que des vallées transversales; les pointes étant unies en- 

semble dans la largeur, ne laissent aucun lieu 4 des séparations et 

conséquemment aux vallées longitudinales.”’ The above observation 
by Professor Borson is quite correct. Hays’ type of M. Borsoni 

is obviously similar to the grinding tooth from “petite Tartarie”’ 

(Russia) described and figured by Buffon in 1778 and reproduced 

above in faesimile (Figs. 84, 111). 

Osborn, 1926: A glance at the type of M. borsoni (Fig. 154), also 

at Buffon’s figures of 1778, indicates that Zygolophodon borsoni 

belongs to a phylum distinet from M. americanus: (1) The molars 

are brachyodont, bluntly crested or lophoid; (2) each loph consists 

of four principal ‘mamelons’ or mamille compressed fore and 

aft; (3) as observed by Hays, there are no connecting crests, 

conules, or spurs between the lophs; thus when well worn, each of 

the anterior lophs shows four loops, as if this animal were a 

descendant of the Z. pyrenaicus molar type, with its four 

‘mamelons’; whereas the true M. americanus phylum always 

exhibits two loops from the wear of the two ‘mamelons,’ i.e., 

cones. From these distinctive characters, we infer that Zygolo- 

phodon borsoni was a short-limbed, forest-living, browsing type, 

with long upcurved tusks, distantly resembling M. americanus. 

Confirmation that it spread all over Europe and northwestern 

Asia, as originally observed by Buffon, is fully set forth by Pavlow 

(Chap. VI, pp. 133-135 above). Hays’ description of this species 

was apparently unknown to Aymard, to Pomel, and to Jentzsch, 

who proposed the four following species: 

‘MASTODON’ VELLAVUS AYMARD, 1847, p. 414.—‘'M. 

Aymard signale ensuite un Mastodonte surpassant de \¢ le 

Mastodon maximus de |’Ohio, d’aprés un quatriéme métatarsien, 

long de 0,255, large en haut de 0,110, en bas de 0,145, et ayant 

0,095 dans son moindre diamétre. I! propose pour cette espéce le 

nom de Mastodon vellavus.”’ 

‘MasropoNn’ VIALETIT AYMARD, 1847, p. 415.—*‘ Un troisiéme 

Mastodonte, plus petit de 14 que le précédent, caractérisé par un 

métatarsien long de 0,095, large de 0,060 en haut, et 0,070 en bas, 

au milieu de 0,049, et par des molaires larges de 0,074, a collines 

comme dans celui de l’Ohio; il devra se nommer Mastodon Vialetiz.”’ 

‘Mastopon’ BuFFONIS PoMEL, 1848, p. 258.—‘* Un mastodon 

4 dents tapiroides accompagne presque toujours le M. Cuvieri; 

c’est le type des M. tapiroides Cuv.; mais il en est un autre qui se 

trouve au contraire en Auvergne et en Italie avec l’angustidens, 

dont les dents sont beaucoup plus épaisses et plus courtes, plus 

crosses en totalité, et qui nous parait devoir constituer une espéce 

distincte. Les dents de Sibérie, attribuées au grand mastodonte, 

devraient lui étre rapportées. On pourrait lui donner le nom de M. 

Buffonis.” 
‘Masropon’ Zappacut JENTzscH, 1883, Pp. 202—‘ Der Zahn 

hat drei scharf ausgeprigte Joche und gehért somit in die Gruppe 

des M. tapiroides, M. Borsoni und M. Ohioticus, welche Vacek 
treffend als Untergattung Zygolophodon zusammengefasst hat.’’ 

See figure 152. 
ZYGOLOPHODON VaAceK, 1877, pp. 6-11, Tar. vi.—Vacek gave 

a thorough review of the successive descriptions and characteriza- 

tions of this species, including those of Hays, de Blainville, Lartet, 

Kaup, Gaudry, von Meyer, and Jourdan; throughout he uses the 

term ‘Mastodon’ tapiroides as equivalent to ‘M.’ turicensis. 
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He records as characters of M. borsoni specifically distinct 

from Mastodon americanus the following (after Lartet, 1859): (1) 

The greater proportional width of the grinders, the lesser height of 

the crests, the lesser prominence of the ‘trefoil spurs’ (‘arétes 

recurrentes’); (2) the clear distinctions of M. borsoni from 

‘Mastodon’ tapiroides (=M. turicensis), despite von Meyer’s 

declaration (1867) that M. borsoni is inseparable from M. turicen- 

sis; (3) the absence in M. borsoni of ‘trefoil spurs’ (‘arétes recur- 

rentes’) which distinguish all species of M. turicensis (Lartet, 1859, 

Gastaldi, 1861); (4) the broad, short, and brachyodont crowns of 

M. borsoni as compared with the more prominent crests of M. 

tapiroides; (5) the absence of alveoli for lower incisors in the sym- 

physis of the lower jaw, as observed by Jourdan and corroborated 

by Brandt (1860); (6) the exceptionally short symphysis of M. 

borsoni and the elevation of the coronoid process, as observed in 

the collections in the Munich and Lyons Museums, presenting a 

resemblance to the lower jaw of Hlephas. 

GEOGRAPHIC DISTRIBUTION! 

AustTRIA (VACEK, 1877, pp. 9-11).—Beginning with the type of 

Mastodon borsoni from the [Middle] Pliocene of Asti, Vacek 

traces the distribution of M. borsoni and of M. tapiroides (=turi- 

censis) throughout Austria. He observes that the remains in the 

Upper Pliocene marine sands of Neudorf' agree in the closest detail 

with the type teeth of M. borsoni of Asti; that the Lower Pliocene 

locality of Baltavar lacks M. borsoni but contains M. turicensis 

(i.e., tapiroides) and exhibits the closest relationship to the fauna 

of Pikermi, although the specimen from Baltav4r appears to 

approach the Middle Pliocene type of M. borsoni more closely 

than the ‘M.’ turicensis described by Gaudry from Pikermi. 

From the illustrations in Vacek’s Memoir, e.g., Taf. v1, figs. 3, 3a, 

the molar from the marine sands of Neudorf! does not correspond 

with Hays’ definition and type of the species M. borsoni; also 

the posterior molar given in the same plate (Taf. v1, figs. 1, la) 

presents a prominent median longitudinal sulcus or fissure, which 

by Hays’ definition is absent in the type of M. borsoni. This 

molar, M3, from the sands of Theresiopel presents resemblances to 

the Mastodon americanus f. praetypica | =Pliomastodon americanus 

praetypica of the present Memoir]. See Plate 1, pp. 134-135. 

Huneary, LEvVANTINE, ScHLESINGER, 1922, Pp. 231.— 

Schlesinger observes (1922, p. 231) that ‘Mastodon’ borsoni occurs 

in Rakos, a locality near Budapest, which yields also a large number 

of ‘M.’arvernensis and of ‘M.’ americanus f. praetypica (op. cit., 

p. 232): “Die Fundstelle ist der 6fters erwihnte und nach seinen 

geologisch-stratigraphischen Verhiltnissen auf S. 213 eingehend 

besprochene Schotter (Mastodonschotter). Sein levantines Alter 

steht vollkommen fest. . . . Obwohl M. Borsoni nur von wenigen 

stratigraphisch sicheren Fundstellen bekannt geworden ist, weisen 

diese doch so untriiglich immer wieder auf den einen Horizont, auf 

den wir schon zwei Mastodonarten beschrinkt gesehen haben, das 

ich kein Bedenken trage, die Art als ein fiir das ésterreichisch- 

ungarische Gebiet rein levantines Tier zu erkliren. . . . Aller- 

dings ist die Bereicherung, die unsere Beweisfiihrung fiir das aus- 

schliesslich levantine Alter der Spezies in Osterreich-Ungarn und 
den unmittelbar angrenzenden Liindern insbesondere vonseiten 

der ruminischen Funde erfahren hat, sehr erheblich. Wir kénnen 
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nunmehr mit grésserer Sicherheit diese stratigraphische Fest- 

stellung wiederholen und sehen M. Borsoni als ein in jeder Hinsicht 
sehr brauchbares Leitfossil des Levantins nur bestatigt.” 

CLEAR SEPARATION OF ‘MASTODON’ BORSONI FROM ‘M.’ 

AMERICANUS PRAETYPICA.—(Schlesinger, 1922, p. 227): ‘‘ Wohl der 

entscheidendste und auch fiir den Stratigraphen wichtigste Schritt 

in der Erforschung der Zusammenhiange der jiingeren Zygodonten 

ist die Loslésung der beiden bisher stets in bunter Mischung als 
M. Borsoni beschriebenen Formen voneinander und die Klarung 

Fig. 157 

Fig. 156 

Fig. 155. Referred superior molar, 1.M', of Zygolophodon bor- 

soni, from the Pliocene marine sands of Neudorf', Austria. After 

Vacek, 1877, Taf. vi, figs. 3, 3a, one-third natural size. [= Plio- 

mastodon praetypica ref. See Pl. 1 E, pp. 134-135.] 

Fig. 156. Referred right inferior grinder, r.M3, of Zygolophodon 

borsoni from Hidvég, Komitat Héromszék, Hungary. After Schle- 

singer, 1922, Taf. xvu, fig. 2, one-third natural size. Observe 

simple four conelets on each loph; four and a half lophs in all. 

Fig. 157. Referred anterior half of third inferior molar, r.M3, 

of Zygolophodon borsoni (erroneously attributed to ?North America), 

one-third natural size. After Schlesinger, 1922, Taf. xx, fig. 3. 

Observe four chief conelets on each crest. 

(Osborn, 1934) Both Schlesinger and Vacek refer to Zygolophodon 

molars which prove to belong to Pliomastodon (see PI. 1, pp. 184-135). 

der phylogenetischen Stellung beider zueinander, zur Stammart 

und zum echten M. americanus. Es ist sehr erfreulich, dass uns 

von den beiden fraglichen Arten etliche Stiicke aus sehr zuver- 

lassigen Fundorten unseres Untersuchungsgebietes bekannt gewor- 
den sind. Ajnicské (Kom. Gémor) : Aus den Sanden und Schottern 

dieses Fundpunktes stammen die prachtvollen Reste, die ich auf 

S$. 101—105, Taf. xv1, Fig. 1 u. 2, Taf. xvu, Fig. 1 und Taf. xvin, 

Fig. 5 dieser Arbeit bekanntgemacht habe. Es sind die sichersten 

Belege fiir die nahen Beziehungen dieses Tieres zum M. 

americanus.”’ 

‘The Upper Pliocene marine sands of Neudorf, also Theresiopel, Nikolsdorf, and Baltavdr (Vacek, 1877, Taf. vi, figs. 1-5a,), yield a superb series of 
upper and lower grinding teeth which probably belong to Pliomastodon, although described and figured by Vacek as M. [=Zygolophodon] borsont. 
also specific revision in the phylogenetic appendix of the present Volume I. 

See 
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DIsTINCTIONS OF ZYGOLOPHODON BORSONI FROM TURICIUS 

Cuaracters oF ‘M,’ porsont.—Schlesinger (1922, pp. 79-81, 

also pp. 116-123) describes and figures numerous examples of the 

true Zygolophodon borsoni from Austria and Hungary, attributing 
this species to Upper Pliocene age. He distinguishes ‘ Mastodon’ 

borsont from ‘M.’ tapiroides (i.e., Turicius turicensis) by the 

following six characters (op. cit., p. 79): 

“Pir M. Borsoni wurden nachfolgende Merkmale geltend 

gemacht: 1. Vollkommen geradegestreckte, etwas nach aussen 

gerichtete schmelzbandlose Stossziihne im Oberkiefer. 2. Vor- 
handensein einer mehr oder weniger funktionellen Mandibel- 
schaufel mit zwei kleinen unteren Stossziihnen. 3. Im Zusam- 

menhange damit Vorhandensein einer gegeniiber M. tapiroides 

wenig reduzierten Symphyse. 4. Fehlen von Pramolaren [i.e., 

P 2-4]. 5. Jochformeln: m}=$: [Dp] #3(Dp 4] 3: M323: [M 1]8, 
[M 2} 2 (M 3] 4242. 6. Charaktere der echten Molaren: 3(x), 4x-5° 
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a) Breite Kronen mit mehr oder weniger hohen Jochen, engeren 

Tiilern als M. tapiroides und breiten Jochgraten; b) mediane Tren- 

nungslinien der Jochhilften in schwankender Ausbildung, bis- 

weilen sehr kriftig und tiefeingeschnitten, bisweilen schwach; 

c) auffallend starke Entwicklung der Nebenhiigel an den pritriten 

Halbjochen; 6) schwankende Ausbildung der Sperrleisten an den _ 

pritriten Teilen.” This valuable summary is as follows: 

1) Superior incisive tusks straight, without enamel band. 

2) Two small inferior incisive tusks, subfunctional. 

3) Symphysis more reduced than in T'uricius. 

4-5) Permanent premolars lacking, intermediate molars 

(Dp 4-M 2) trilophodont. Third molars tetra- 

lophodont. 

6) Molars as described by Hays and Vacek; feeble 

‘trefoil spurs.’ 

Grinpinc Testa Evouution In tHE MaAsropon, ZyGoLopHopon, TuRiIcIus, AND STEGOLOPHODON PHyLa (PLs. I-Iv, pp. 134-135) 

Puate I B-L Piare II B-G 
Miomastodon, Pliomastodon, Zygolophodon 

Mastodon 
No median conules. 
Conelets 4 progressive to 6 on 

each ridge-crest. 
Longitudinal sulcus irregular. 

No median conules. 
Conelets not exceeding 4. 

Persistent longitudinal sulcus. 

Ridge-crests incomplete. Ridge-crests separated by 
sulcus. 

Trefoil spurs late in develop- No trefoil spurs. 
ment (Pliomastodon, Mastodon). 

Pleistocene Pliocene 
Mastodon acutidens (Indiana) Zygolophodon borsoni 
Mastodon americanus (France) 

(Kansas) Zygolophodon borsoni 

Plio-Pleistocene (Siberia) 
Zygolophodon borsoni type Mastodon pavlowi (Russia) (Piedmont: Taly) 

Pliocene 
Pliomastodon praetypica 

(Hungary) 

Lower Miocene 
Miomastodon depereti 

(Chevilly) 
Miomastodon americanus tap- 

troides (see Fig. 98 D, D1 
of Memoir), Hungary 

Middle Miocene 
Zygolophodon pyrenaicus 

(France) 

ZYGOLOPHODON BORSON| 
ITALY 

3000mMmM.,9/10% e 
N. EURASIA 

Puate III A-—J 
Turicius 

Puate IV A-I 
Stegolophodon 

No median conules. 
Conelets 4—7—9-25. 

No median conules. 
Conelets bunoid, 4-6. 

Longitudinal sulcus vestigial Longitudinal suleus_ dis- 
or absent. appearing. 

Ridge-erests sharply trans- Ridge-crests 4-6. Progres- 
verse and elevated. 

Trefoil spurs present or ab- 
sent. 

sively arched, post-concave. 
No trefoil spurs. 

Pliocene Pliocene 
Turicius virgatidens (Fulda) S. stegodontoides type, India 
Turicius atticus (Pikermi) S. latidens type, Burma 
Turicius wahlheimensis S. cautleyi (Perim Island) 

(Rheinhessen) S. sublatidens, Austria 

Miocene Middle Miocene 
Turicius turicensis (Bavaria) ; S. cautleyi progressus, India 

D, ditto (Elgg, type); E, S. 
ditto (Elgg, ref.) 

Turicius taptroides, France 

nathotensis, India 

Collateral ancestor of Stego- 
don, fully described in Chapter 
XV 

—_ 

MASTODON AMERICANUS 3/05MmM.10/2 4” 
N AMERICA 

Fig. 158. Comparison (1932) or ZYGOLOPHODON BORSONI (Lerr) AND OF MasTopON AMERICANUS (RiGHT), ONE SIXTY-SECOND NATURAL SIZE 
: (Left) Schlesinger (1922, pp. 79-81, 116-123) described the Zygolophodon borsoni of Austria-Hungary as of Upper Pliocene age. Cranial and body out- 
lines largely conjectural, probably similar to Mastodon americanus but less woolly. Estimated height 3000 mm., 9 ft. 10 in. 

(Right) Chiefly restored from the Warren Mastodon of Newburgh (see Fig. 124). 



7. CHARACTERS OF TURICIUS AND ITS INCLUDED SPECIES AND MUTATIONS, 

AS COMPARED WITH ZYGOLOPHODON AND SERRIDENTINUS 

FaMILY: MASTODONTID® Girard, 1852 

SUBFAMILY: ZYGOLOPHODONTIN® Osborn, 1923; compare SERRIDENTIN#& Osborn, 1921, also StEGOLOPHODON- 

TINA subfam. nov. 

The species of animals described below were named Mastodon tapiroides by all early authors and more recently 

by Vacek and by Schlesinger. The same species are named M. turicensis by Schinz, von Meyer, Gaudry, Mayet, 

Schlosser, Cope, and other recent authors, except Schlesinger. Originally described from near Zurich, Switzer- 

land, species of this genus were widely distributed in Europe and are even mentioned as occurring in Spain 

(Pavlow, 1894, p. 36); they are not recorded from Asia, although Zygolophodon is frequently recorded from 

northern Asia. 

Genus: TURICIUS Osborn, 1926 

Original reference: Amer. Mus. Novitates, No. 238, p. 3 (Osborn, 1926.706). 

Genotypic species: Mastodon turicensis Schinz, 1824. 

GENERIC CHARACTERS.—(Osborn, 1926.706, p. 3): ‘‘Transverse crests, lophs, with five conelets pro- 
gressing to eight or nine conelets.''! Tubercles or conules retrogressive in the valleys between the crests. 
Median longitudinal sulcus vestigial in the early stages, completely disappearing in the progressive stages. 
Progressively strong ‘trefoil spurs,’ [‘Wulstkanten,’ ‘arétes’] on the superior internal cones and on 
the inferior external cones. Conelets increasingly connate at the summit, rising into sharp, subhypso- 
dont transverse crests. Superior incisors oval in section, with sharply defined enamel band except in 
Mastodon {=Turicius| virgatidens. Inferior incisors without enamel, straight, suboval in section, under- 
going progressive reduction. Symphysis of jaw progressively pointed and reduced in length, horizontal, 
unlike Serridentinus, in which the jaw remains elongate. Postero-inferior molars with four well- 
developed crests, the tetartolophid slowly progressive, the pentalophid rudimentary, but progressive 
in the higher stages. Gradual repression of the premolar dental succession, as in Mastodon americanus 
and in Zygolophodon borsoni.” 

The generic name Twuricius and the specific name turicensis are derived from Turicum, the Latin name of 

Zurich, near which historic city the type specimen was discovered. 

The grounds on which this genus is separated from Zygolophodon are recited above. Twuricius in contrast 

with Zygolophodon is relatively well represented in all horizons from the Lower Miocene Faluns de Pontlevoy 

formation of France to the Lower Pliocene of Pikermi, Greece, and Baltavar, Hungary. Every museum in 

Europe contains a number of upper and lower grinding teeth, referable to various stages in the progressive 

evolution of Turicius, which are uniformly catalogued either as Mastodon tapiroides or as M. turicensis. 

In a closer study of the Turicius tapiroides of the Lower Miocene we observe several primitive characters, 

and in ascending geologic levels we further observe a steady progression not only in size but in the stronger 

development of the characters which distinguish these species throughout from species of the true Zygolophodon. 

Vacek (1877) and Schlesinger distinguish these species clearly from Mastodon |= Zygolophodon] borsoni. Con- 

sequently there is no real resemblance between the final Pliocene stage in this generic phylum (Turicius 

virgatidens) and the final Pliocene stage of the Zygolophodon phylum (Zygolophodon borsoni). 

'To twenty-five conelets in certain specimens (see Pl. 1, pp. 134-135). 
212 
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Whereas Zygolophodon is convergent or parallel with the true Mastodon americanus phylum, and in certain 

characters with the Stegodonts, the progressive molar stages of T’uricius are similar in one character to those 

of Serridentinus, in other characters to Stegodon or to Stegolophodon. The upper tusks of Turicius are apparently 

distinguished by the persistence of the enamel band, while the lower tusks may readily be distinguished from those 

of Serridentinus by their suboval section and rodlike form, also by their gradual degeneration. All the specific 

stages referable to Turicius, however, require very careful reéxamination before these generic distinctions can 

be positively determined. Meanwhile the generic characters now known to us are probably as above (pp. 200, 

212) and below (p. 217). 

CONSPECTUS AND MEASUREMENTS OF THE SPECIES OF TURICIUS IN ASCENDING GEOLOGIC ORDER 

SEE PLATE III 

The distinctive characters shown in the following series of geologic ascending species will doubtless prove of 

full specific value, but awaiting further examination, the trinomial nomenclature may be retained so as to connect 

these forms with the previous literature. In the succeeding pages of this chapter (VII) more detailed observations 

of von Meyer, of Gaudry, of Mayet, of Schlesinger, and of others are quoted or abstracted. 

5. Mtppue (?) Puiocene. TuRICIUS VIRGATIDENS VON Meyer, 1867. 

‘Gelben Lehme’ bei Fulda, Germany. Much more progressive than Turicius atticus; lophs sharply pointed, broader 

and shorter superior incisive tusks, devoid of enamel band. 

4. Lower Putocenr. Turicrus arricus WAGNER, 1857. 

Pikermi type (see Wagner, 1857, Tab. vu, fig. 16). Left P*, ap. 30 mm., tr. 26 mm. Left M!' trilophodont, ap. 

54 mm., tr. 45 mm., proportionate in size to the Dp, of Gaudry’s ‘ Mastodon’ turicensis. 

3. Upper Miocenn. TuRIcrus TURICENSIS SCHINZ, 1824. Typr Srace. 

Elgg, Kapfnach, Schinz, 1824, von Meyer, 1867. Type 1.M?, ap. 94e mm., referred r. Mo, ap. 92 mm., six ‘nebenhiigeln’ 

or conelets in each loph; median sulcus vestigial; strong ‘trefoil spur’ on second and third lophs. Superior incisors 

broadly oval to flattened, with sharply defined enamel band covering one-third of circumference. Small inferior incisors, 

without (?) enamel. 

2. Upper Mippir Miocenr. TuRICIUS TURICENSIS SIMORRENSIS OSBORN, 1926. 

Simorre (Gers), France (see Lartet, 1859—Figs. 148, 163 of present Memoir). Ms, ap. 205 mm., tr. 83 mm. Strong ex- 

ternal trefoil crest; strong internal cingulum; tetartolophid well developed with four conelets; pentalophid rudimentary 

with two conelets. A premolar succession (Lartet). 

1. Lower Miocene. TurIctus TAPIROIDES. REFERRED. 
Faluns de Pontlevoy (see figure by Mayet, 1908—Fig. 139 of present Memoir). Ms, ap. 147 mm., tr.66mm. Remnants 

of median sulcus; five to eight irregular conelets in each loph; no tubercles or conules in intermediate valleys. 

The phylogeny, conelet and ridge-crest evolution of Turicius, from T. tapiroides to T. virgatidens, is clearly 

shown in Pl. 11, pp. 134-135. 

CoMPARATIVE MEASUREMENTS 

(Notes, W. D. Marrurew, SEPTEMBER, 1920; REFERENCES MopIFIED BY OsBoRN, 1925) 

Molars referred to Turicius turicensis are represented in the Paris Museum by four specimens from Simorre 

(typical geologic level of Trilophodon angustidens), one from Sansan (Middle Miocene), and one from Pontlevoy 

(Lower Miocene), from which the extreme and average indices may be taken. The following measurements and 

indices were taken by Doctor Matthew, the specific references corresponding with labels in the Muséum d’ Histoire 

Naturelle, Paris, 1920. 
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Lower, MIppLE, AND UpPpER MI0cENE M! M? M3 M; 

ap. io I. ap. tr. I. ap. tr. I. Boy ite If: 

1872, Lartet, Simorre, ‘Mastodon’ turicen- 

sis ref. 203 =86 42 

1784, Simorre, ‘Mastodon’ turicensis ref. 143.5 80.2 56 

1838, Simorre, ‘ Mastodon’ turicensis ref. O17 iil 63 113.8 67 59 = 180 73 56 

1862, Simorre, ‘Mastodon’ turicensis ref. 155-66 43 

1791, Sansan, ‘ Mastodon’ turicensis ref. 81 56.1 69 

1782, Miocene, ‘ Mastodon’ turicensis ref. 121 70 58 

1897, Pontlevoy, ‘Mastodon’ turicensis ref. 147 166.7 945 

MEASUREMENTS OF Type Monars 

M! M2 M3 M; 

ap. tr. I ap: tr. I ap: tr. If ap. tr. 1 

1867, Type of ‘Mastodon’ virgatidens von 
Meyer, ‘Gelben Lehme’ bei Fulda 112 89 79 144e 91 63e 

[1857, Type of Turicius atticus Wagner, 

Pikermi|] (Dp, ap. 30 mm., tr. 26 mm., M', ap. 54 mm., tr. 45 mm.) 

1824, Type of Turicius turicensis, Schinz, (M?)94e 

Elgg (Me)92 

1926, Type of Turicius turicensis simor- 

rensis Osborn, Simorre 205 83 40 

1824, Type of Turicius tapiroides Cuvier, 

Caleaire de Montabusard 85e 

The above tables of type and referred grinding teeth partly demonstrate a progressive increase in size of the 

grinders when viewed in ascending geologic order. This is doubtless accompanied by retrogressive abbreviation 

of the mandibular symphysis correlated with reduction of the inferior incisors. 

OBSERVATIONS ON SPECIMENS FROM VARIOUS GEOLOGIC LEVELS, LowER MI0cENE TO LOWER PLIOCENE, 

REFERRED TO ‘MASTODON’ TURICENSIS OR TO ‘MASTODON’ TAPIROIDES 

According to von Meyer, de Blainville, and Suess, as cited by von Meyer (1867, pp. 48-61), the M. turicensis 

lophodont type of mastodont is widely distributed over Europe—France, Austria, Greece (Pikermi). Its abun- 

dance in the lignites, swamp formations, of Elgg, Kapfnach, and Eibiswald in Styria, points to its being an in- 

habitant of dense and partly swampy forests, although it occasionally occurs under more open conditions of life 

associated with Trilophodon angustidens and Trilophodon (Choerolophodon) pentelicus. 

Osborn, 1922: Following the name Mastodon turicense given by Schinz (1824, p. 278), and the type figure of 

the Elgg tooth with description by Schinz (1833, pp. 58, 59), there came the full description (partly cited above) 

of this animal by von Meyer in 1867 (1867, pp. 48-61) with admirable figures of referred specimens (Taf. 11 and v, 

figs. 1-7), teeth associated with an Upper Miocene fauna in the lignites of Elgg and Kapfnach, believed to be of 

the same age as Saint Gaudens and somewhat more recent than that of Simorre which contains the type of Tri- 

lophodon angustidens. 

All the intermediate molars of Turicius figured by Gaudry (1862, Pl. xxtv) and by von Meyer (1867, Pls. 

it and vy, figs. 1-7) are trilophodont with a tendency to form elevated transverse crests composed of numerous 

confluent mamille or conelets grouped into outer and inner lobes. 

The jaw of the Pikermi stage figured by Gaudry (op. cit., Pl. xxtv, fig. 2—Fig. 165 of the present Memoir) 

shows a reduced and pointed symphysis with two vestigial incisors; it is totally unlike the symphysis of Mastodon 

americanus. 
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-® Types of sixteen species of Lygolophodon and 
@ TJuricius tapiroides reférred. ‘referred. HFO. 1934- 

Fig. 159. Type localities (1-16) and theoretic migration lines of the forest- and swamp-loving Zygolophodon and Turicius. The crosses represent 

referred specimens, note especially Zygolophodon borsoni of Siberia and Zygolophodon(?) of Japan (fide Matsumoto); (a) represents Turicius tapiroides ref. of 

North Africa. 

The third inferior molar of ‘M.’ turicensis is described by von Meyer (1867, p. 50) as tetralophodont: 

“sondern um einen letzten unteren Backenzahn von M. Turicensis handelt. Es scheinen vier Querreihen iiber- 

liefert, von der vierten freilich nur wenig. Die Querkiimme sind erst schwach abgenutzt. Der Zahn erinnert 

auffallend an die typischen Ziihne von Elgg.” The lower incisors (op. cit., Taf. v, fig. 6) are short, suboval in 

diameter, not dissimilar in form to the lower incisors of Mastodon americanus, totally dissimilar to those of 

Trilophodon angustidens. 

In the Pikermi type of ‘M.’ turicensis described by Gaudry (1862, p. 155), the lower incisors are still more 

reduced. The superior incisive tusks of the Elgg stage (von Meyer, 1867, Taf. u, figs. 4, 7, 8, and Taf. v, figs. 6, 7) 

exhibit a sharply defined enamel band covering about one-third the circumference of the tooth, which is broadly 

oval to flattened, not circular like that of M. americanus, also of relatively small size. (Von Meyer, pp. 54, 55): 

“Nach diesen von drei bis vier Individuen herriihrenden Resten besass Mastodon Turicensis einen im Vergleich 

zu anderen Species auffallend kleinen Stosszahn. . . . Vergleicht man das, was ich fiir die obern Stosszihne von 

Elgg hervorgehoben habe, mit meinen Angaben iiber die oberen Stossziihne von Mastodon angustidens . . . so 

wird man finden, dass in letzterer Species die oberen Zihne, den unteren entsprechend, gegen die in M. Turicensis 

hauptsiichlich durch iiberwiegende Grosse auffallen.”’ 
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TypicaL Upper Mrocreneé TuRICIUS TURICENSIS SCHINZ OF SWITZERLAND 

SwITZERLAND (MarruEw, Noves, SEPTEMBER, 1920. Turtcius OsBorn, 1926).—From the Upper Miocene 

lignites of Kapfnach (near Zurich) in the Zurich Museum are a jaw and lower tusks resembling Turicius turicensis 

rather than Mastodon | =Trilophodon] angustidens to which they are referred in the label. From the Upper Miocene 

of Kipfnach also are specimens which exhibit only a moderate elongation of the jaw, resembling that of Serriden- 

tinus productus, but with no decurvation of the symphysis. 

Amidst the interesting fauna of Elgg, Canton Zurich, in lignites of Miocene age, also occur specimens refer- 

able to Turicius turicensis. Among the Sansan teeth in the Paris Museum is one marked “ M. turicensis”; a 

somewhat worn and broken M, which may possibly be related to Turicius tapiroides; a small last upper molar, 

M?, with only four crests, may also belong to this species. 

Municu Museum (MarrHew, Notes, SEPTEMBER, 1920).—From the Upper Miocene of Flinz in the Munich 

Museum is a trilophodont specimen consisting of lower jaws, upper tusks and teeth, with parts of skeleton asso- 

ciated; this animal is larger than the typical Trilophodon angustidens and the teeth are relatively broader; the 

tusks are arranged as in Serridentinus productus ref. and S. serridens type from the Lower Pliocene of Texas, 

although relatively larger, more massive, the symphysis heavier but not decurved; there is no twist in the upper 

tusks which are larger than those in the American species S. productus and S. serridens; these tusks curve down- 

wards, the enamel is external, the cross-section is oval; good fibule and a femur are associated, also larger part 

of the manus and pes: This is much too large and broad-toothed an animal to be properly referred to Trilophodon 

angustidens. Of the grinders, M’-M, are trilophodont; M*-M, tetralophodont, the tetartoloph being somewhat 

narrower; ‘trefoil spurs’ weak; grinding teeth relatively broad. 

Osborn, 1925: The above observations of Matthew in the Zurich and Munich museums unquestionably 

relate these specimens to the genus T’wriczus Osborn and serve to distinguish species of this genus from species of 

the genus Serrzdentinus Osborn by the symphyseal characters of the lower jaw, namely: In the European Twuricius 

the symphysis of the lower jaw is straight, not decurved; in the American Serridentinus the symphysis of the lower 

jaw is decurved and contains two large tusks of flattened oval section. 

Turictus In AUSTRIA AND HUNGARY 

Von Meyer (1867, pp. 48-61) describes in great detail the widely distributed ‘Mastodon’ turicensis of Austria, 

also the Upper Miocene lignitic forms from the typical localities of Elgg, of Winterthur, and of Kapfnach. He 

describes and figures two small inferior tusks, laterally compressed, 110 mm. in length, vertically oval, diameter 

ap. 27 mm., tr. 19 mm. (op. cit., Taf. v, figs. 6 and 7); these teeth are apparently larger than those of the 

Lower Pliocene stage of ‘M.’ turicensis described by Gaudry. He further describes referred superior incisive teeth 

(Taf. 1, figs. 2 and 3; Taf. v, figs. 1-5) as relatively large, vertically oval, diameter ap. 37 mm., tr. 28 mm., with 

fluted enamel band on the external surface (Taf. 11, figs. 7 and 8) from the typical locality of Elgg. 

Throughout Schlesinger’s invaluable Memoir of 1922 all the specimens referable to the genus Turicius are 

described by him as Mastodon tapiroides. He observes, however, that in six characteristics these animals appear 

to be clearly distinguishable from M. angustidens on the one hand and from M. borsoni on the other (op. cit., 

pp. 77, 78). Consequently the characters by which Schlesinger distinguishes his M. tapiroides are cited below as 

distinctive of the genus Turicius Osborn. 
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[GENERIC AND SPECIFIC CHARACTERS OF TuRICIUS. OSBORN AFTER SCHLESINGER, 1922, pp. 77, 78].—Den jiingeren Zygo- 
donten gegeniiber ist M. tapiroides als Spezies weitaus am sichersten unterschieden und durch folgende Merkmale gekenn- 
zeichnet: 1. Die oberen Inzisoren sind nach aufwarts gekriimmt, im Querschnitt oval und tragen ein wohlentwickeltes 
Schmelzband an der konvexen Seite. 2. Die unteren Inzisoren sind bis zu einem gewissen Grade denen des M. angustidens 
aihnlich, doch kleiner und bilden vereint keinen Spaten, sondern einen an der Spitze schief von oben vorne nach unten hinten 
abgestutzten Stechapparat zum Wihlen in der Erde. 3. Die Unterkieferschaufel war—den Inzisoren entsprechend und nach 
Ubergangsformen zu schliessen—spatelformig ausgezogen, doch kiirzer als die des M. angustidens. 4. Sowohl im Ober-, wie im 
Unterkiefer trug die Art je einen Primolaren (pm4) (vgl. L.-V. 27, S. 149 und 156, Taf. xx1, Abb. 1 und 6). 5. An den drei 
Milch- und den drei echten Molaren kehren stets nachfolgende Jochformeln wieder: m [Dp] +=: [Dp 2] 2: [Dp 3] 38}:[Dp 4] 2; 
Mi=3:(M 1] 3: [M 2] 3 [M 3] 3*=4,. 6. Die Molaren sind in nachgenannten Punkten von denen der jiingeren Formen scharf 
unterschieden: a) Schmale Krone mit verhiltnismissig niedrigen Jochen, weiten Talern und engen Jochgraten (Jochkimmen): 
b) auffallend starke, tiefeingeschnittene mediane Trennungslinie der Jochhilften; c) schwache Entwicklung der Nebenhiigel 
an den pratriten Jochteilen; d) stets bedeutende Betonung der pritriten Sperrleisten, die bisweilen ganz enorm entfaltet sein 
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konnen. 

Schlesinger concludes (op. cit., p. 78) that the enamel band of the superior incisors and the presence of 

permanent as well as milk premolars clearly distinguish these animals from the more recent Zygolophodonts 

(“von den jiingeren Zygodonten’’). 

SYSTEMATIC DESCRIPTION OF SPECIES OF TURICIUS. 

Turicius tapiroides Cuvier, 1806, 1821-1824; 

Desmarest, 1820-1822 

Vigures 77, 160, 161, also Pl. ut A, B, C, pp. 134-135 

Lower Miocene. Caleaire de Montabusard, France. Defay (1783) was 

the first to record ‘ M.’ tapiroides from this horizon (cf. Gaudry, 1862, p. 153). 

This Lower Miocene stage is unfortunately imperfectly known 

because of the uncertainty regarding the characters of the type 

specimen. It is a very important stage ewing to its extreme Lower 

Miocene age, since the Caleaire de Montabusard is regarded by 

Mayet as underlying the typical Sables de l’Orléanais; at the time 

Hurope had a warm and dry climate and broadly depressed land 

areas. In the Sables de |’Orléanais occur grinding teeth referred 

to Mastodon pyrenaicus Lartet, with four conelets on each loph, 

which may correspond in character with Cuvier’s lost type of M. 

tapiroides (see Zygolophodon pyrenaicus aurelianensis, p. 207.) 

Petit mastodonte Cuvier, 1806. “Sur Différentes Dents du 

Genre des Mastodontes, mais d’espéces moindres que celles de 

Ohio, trouvées en plusieurs lieux des deux continens.’’ Ann. Mus. 

d’Hist. Nat., VIII, p. 411. Mastodonte tapiroide Cuvier, 1821. 

“Recherches sur les Ossemens Fossiles,’’ Nouvelle Edition (2d 

edition), I, p. 268. Mastodon tapiroides (in Desmarest, ‘“Mam- 

malogie ou Description des Espéces de Mammiféres,”’ 1820-1822, 

p. 386); Cuvier, op. cit., 1821-1824, V, Pt. 2, p. 527. 
Typrr.—Considered by von Meyer (1867, p. 48) as a premolar, 

ie., milk tooth, Dp 4 (‘Milchbackenzahn’); also by Gaudry 

(1862, p. 153) as a ‘“‘molaire de lait.””. Probably an imperfect third 

right inferior molar, r.M3, of diminutive size. 

Horizon anv Locauiry.—Calcaire de Montabusard, France; 
Lower Miocene. (Osborn, 1910.346, p. 250, and our Fig. 146): 

“The Miocene is said [by Mayet (1908, p. 314)] to be introduced 

. . . in the [lacustrine] calcaire de Montabuzard, which records the 

return of the horses (Anchitherium). The overlying sables de 

VOrléanais [containing the remains of T'rilophodon angustidens} 

are fluviatile sands, laid down in successive stages which contain 
the entire rich Lower Miocene fauna, parallel with which are widely 

scattered deposits in France, Germany, Austria, Switzerland, and 

far to the southwest in Portugal near Lisbon. In this Lower 
Burdigalian stage the flora of Auvergne (Myrica, Cinnamomum, 

Liquidambar) indicates a warm and dry climate. . . . In the strata 
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of the basin of Mayence the Oligocene flora, Sabal, Sequoia, Laurus, 

Cinnamomum, also persists... . The marine cetacean of the 

period is Squalodon bariensis.”’ 

Tyee Ficure.—Cuvier, 1806.3, Pl. 68 (1m), fig. 6. New type 

figure published by Mayet reproduced in figure 161 of the present 

Memoir. 

Moar Descripep 

By Deray (1783), BY 

Cuvier (1806) 

Fig. 160. Type r.Ms. 

Petit mastodonte Cuv., 

1806, Pl. 68 (101), fig. 6, 

from the Caleaire de 

Montabusard, = Masto- 

donte tapiroide Cuv., 

1821, subsequently 

written Mastodon tapi- 

roides (in Desmarest, 

1820-1822, p. 386, in 

Cuvier, 1821-1824, V, 

Pt. 2, p. 527), =Turt- 

cius tapiroides in the 

present Memoir. This 

figure is one-half nat- 

ural size. 

Fig. 161. New type figure after Mayet, 

1908, p. 195, fig. 66, natural size. 

(Mayet, op. cit., p. 195): “Cette dent 

est évidemment trés petite et peut parfaite- 

ment étre regardée comme une dent de lait. 

Mais la figure de Cuvier, pour imparfaite 
qu'elle soit, montre suffisamment les car- 
actéres essentiels du M. tapiroides, mo- 

laires A collines élevées, plutét crénelées 

que divisées en mamelons, séparées par de 

larges vallées, sans mamelons _ inter- 

médiaires, pour qu'il fat possible A la 
rigueur de conserver le nom spécifique de 

M. tapiroides donné par Cuvier.” 

Compare Pl. m1, pp. 134-135, type of T'urtcius tapiroides (A) in compari- 

son with 7’. tapiroides ref. (C). 

GueETraRD, (FIDE Cuvier, 1821, I, Pp. 267, anv 1834, II, 

p, 371).—The figures of Guettard, referred to by Cuvier, and the 

new type figure of Mayet (Fig. 161 of the present Memoir) relate 

this grinder more closely to Turicius turicensis than to Zygolo- 

phodon pyrenaicus. 
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Type Description.—(Cuvier, 1806.3, p. 411): “La dent de 

Montabusard, pl. 11, fig. 6, correspond si bien A celle de Saxe pour 

sa largeur, que je ne doute pas que ce ne soit un germe de l'une 

des postérieures de la méme espéce, cassé en avant.” 

(Cuvier, 1821, I, p. 268).—‘“‘ Ainsi, indépendamment du grand 

mastodonte de l’Ohio, et du mastodonte a dents étroites, espéces 

aujourd’hui bien connues et parfaitement déterminées, nous 

trouvons des indices de quatre mastodontes, qui paroissent former 

d’autres espéces. Les deux qui viennent d’Amérique pourront 

s’appeler, lorsque leurs caractéres seront entiérement confirmés, 

mastodonte des cordiliéres et mastodonte humboldien. Je donnerai 

au premier de ceux d’Europe le nom de petit mastodonte, et au 

second, dont les collines ne sont pas complétement divisées en 

mamelons, celui de mastodonte tapiroide.” 
(Von Meyer, 1867, Pp. 48): “Cuvier’s Mastodon tapiroides 

(Oss. foss., 4e. éd. II. p. 371. t. 28. f. 6) beruht einzig und allein auf 

einem noch dazu unvyollstindigen Milchbackenzahn, der mit noch 

zwei anderen Zihnen in dem tertidren Lacuster-Gebilde von 

Montabuzard bei Orleans in Frankreich gefunden wurde.” Cuvier 
in the Fourth Edition of his ‘“Ossemens Fossiles’”’ (1834-1836), Vol. 
II, p. 371, states: ‘‘J’en donne la figure réduite 4 moitié, pl. 28, 

fig.6. C’est laméme qui a été gravée dans les Mémoires de Guet- 
tard, tome vi, x° Mém., pl. vn, fig. 4.” [An error, ef. Gaudry, 1862, 

p. 153, footnote 4.] 
Osborn, 1935: It is very important to note that the type of M. 

tapiroides from the Calcaire de Mentabusard, Lower Miocene, is 

possibly an imperfect tetralophodont third inferior molar with the 
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anterior loph broken off; each loph in Cuvier’s figure is composed 
of four to six transversely placed ‘mamelons’ (cf. Pl. mr A) in 
contrast with the type of M. americanus which has two ‘mamelons’ 

in each transverse loph; thus a complete M. tapiroides tooth 

would be comparable to a complete tooth of the M. pyrenaicus 
Lartet type which has four ‘mamelons’ on lophs 2, 3, and 4. 

TypicaAL Lower Miocene TUuRICIUS TAPIROIDES 

Gaupry’s (1862, pp. 157, 158) Masropon TAPIRoIDES 

(‘TURICENSIS’) OF PontLEvoy.—(1) Superior milk molar (Dp?) 
less enlarged than in the Pikermi stage, distinguished by an anterior 

conelet; (2) third superior milk molar (Dp*) with conelet on each 

side of the median valley, not observed in the Pikermi form; (38) 

fourth superior milk molar (Dp‘) one-third smaller than the Pikermi 

form. (4) Third superior molar with feeble third crest (tritoloph), 
whereas the Pikermi molar exhibits an almost distinct third crest. 

The above specific characters of the Lower Miocene, or Burdi- 
galian, stage were regarded by Gaudry possibly as individual differ- 

ences; with our present knowledge of the established fact, the 

Lower Miocene grinders of ‘Mastodon’ tapiroides of Pontlevoy are 
much more primitive than those of the Lower Pliocene Pikermi 

stage (Mastodon [=Turicius] atticus Wagner) described by Wag- 
ner and by Gaudry. 

Mayet, 1908.—Mayet (1908, p. 194) observes: ‘‘ Mais comme 

le remarque P. Gervais (Zool. et Pal. franc., 1859, p. 68) il ne parait 

pas bien certain que ce morceau de dent vienne bien réellement du 
calcaire d’eau douce de Montabuzard; il provient beaucoup plus 

Fig. 162. 

(Left). Type 1.M?® of Mastodon turicense 

Schinz, 1824. After Schinz, 1833, Taf. 1, fig. 1. 

Compare von Meyer, 1832.2, p. 72: ‘Mastodon 

Turicense. Schinz. Schinz, Mnspt.’”’ Subsequently 
written Mastodon turicensis (see von Meyer, 1839, 

p. 2). Original figure natural size; reproduced 

herewith one-half natural size. Zurich Collection. 

Elgg, Switzerland. 

0,058.” 

Grnotyer AND Hommorype oF TURICIUS TURICENSIS 

See Pl. m1 D, E, pp. 134-135 

(Right). Upper Miocene of Elgg. Referred Mastodon turicensis, 
second inferior molar, r.Mbp. 

Sub-natural size (op. cit., p. 52): “Die Krone ergiebt 0,104 Linge, in der 
hinteren oder dritten Querreihe 0,070 grésste Breite, in der vorderen nur 

After von Meyer, 1867, Taf. 11, fig. 1. 

Winterthur Collection. 

The Schinz type 1.M? (left) of the species “ Mast. turicense” becomes 

the genotype of the genus T'uricius Osborn, 1926. 

Observe in 1.M? six and a half conelets in protoloph, six and a half conelets in metaloph, and nine conelets in tritoloph 
Observe in r.Mg eight to nine conelets in protolophid and strong postero-external trefoil oan six conelets in metalophid a 
strong postero-external trefoil spur, six subequal conelets in tritolophid, no postero-external trefoil spur, strong posterior 
cingulum. Von Meyer's referred specimen (right) is certainly from the type locality of Elgg and seats the Upper 
Miocene Elgg stage of progression in the cones and conelets. Altogether there are twenty-two more or less distinct conelets 
in the three lophs of the second inferior molar. Compare these very distinct conelets with the closely connate, sharply 
pointed, and multiple conelets in the corresponding tooth, r.Mb, of the type of ‘M.’ virgatidens (Fig. 168) 
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yraisemblablement des sables de Chevilly ou d’Ingré. D’un autre 

cété, plusieurs auteurs pensent que Cuvier aurait créé le type M. 
tapiroides sur des molaires de lait de M. angustidens {Footnote: 

‘Cf. Lortet et Chantre, Recherches sur les Mastodontes (Archives 

du Muséum d’histoire naturelle de Lyon, t. II, 1879, p. 308).’]. Je 
n’ai pu retrouver soit 4 Paris, soit 4 Orléans, les piéces étudiées par 

Cuvier et toute la discussion ne peut porter que sur celle qu’il a 
figurée, réduite de moitié [Footnote: ‘Ossements fossiles, t.I, 

pl. m1, fig. 6.’] et que je reproduis ramenée a sa grandeur naturelle. 
Cette dent est évidemment trés petite et peut parfaitement étre 
regardée comme une dent de lait. Mais la figure de Cuvier, pour 
imparfaite qu’elle soit, montre suffisamment les caractéres es- 
sentiels du M. tapiroides, molaires A collines élevées, plutét créne- 
lées que divisées en mamelons, séparées par de larges vallées, 
sans mamelons intermédiaires, pour qu'il fat possible A la rigueur 

de conserver le nom spécifique de M. tapiroides donné par Cuvier.” 

Turicius turicensis Schinz, 1824 

Figure 162, also Pl. 11 D-G 

Upper Miocene, Tortonian stage. Lignites of Elgg, Canton Zurich, 

Switzerland, also lignites of Kipfnach; age of Saint Gaudens. 

The type description by Schinz of this Upper Miocene species 

is very meagre, but our knowledge of this stage is greatly amplified 
by the figures and characterizations of yon Meyer. As the geno- 
typic species of Turicius it is very important to observe closely the 

characters of the grinding teeth. The grinding teeth occur in rela- 

tive abundance in the lignitic formations of Switzerland and of 
northern Italy, in some instances accompanied by the jaws, portions 
of the cranium, and the superior and inferior incisive tusks. 

Mastodon turicense Schinz, 1824. ‘Naturgeschichte und 

Abbildungen der Saugethiere,”’ 1824, p. 278. Typr.—Second 
superior molar of the left side, 1.M? (see Fig. 162, left). 

Grotocic Horizon anp Locauity.—Elgg, Canton Zurich, 

Switzerland; Upper Miocene, Tortonian stage. (See Osborn, 

1910.346, p. 263): “This concluding phase of the . . . Miocene is, 

according to Depéret [Footnote: ‘Depéret, L’évolution des Mam- 
miféres tertiaires (Miocéne). C. R. Acad. Sci. Paris, Vol. CXLIII, 
Dec. 24, 1906, p. 1122.’], typified [in France] by the fauna of St. 
Gaudens [Fig. 143, 48] on the head waters of the Garonne, which 
are paralleled (48-69) by the freshwater deposits of (iningen (54), 
near Ziirich, the lignites of Elgg (65) and Kapffnach (56); in the 

same region, the mammals of Giinsburg (11) and Stitzling (60) in 

Bavaria, the lignitic fauna of Monte Bamboli (63) in Tuscany, and 

the deposits of San Isidro (64), near Madrid.” 
Tyrer Ficure.—Schinz, 1833, Taf. 1, fig. 1, also Pl. m1 D. 
Tyre Descriprion.—Schinz (1824, p. 278) gives a long de- 

tailed account of the various species of Mastodon of North and 
South America concluding with two lines on the Mastodon of 
Zurich, as follows: ‘‘Ziircherisches, Mast. turicense, Ziihne 
dieser wahrscheinlich neuen Art wurden den Elgg im Canton 
Zurich in Braunkohlengruben gefunden.” 

Osborn, 1925: The following description and the accompany- 

ing figure (Fig. 162) reproduced from von Meyer (1867, Taf. 11, 
fig. 1) are very important, because they constitute the first full 
definition and characterization of this species. Observe that each 
crest or loph, as in M. americanus (ohioticus), consists of two main 

lobes, which in M. americanus are simple or slightly bilobed at the 
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summit, but in ‘M.’ turicensis are subdivided into three or more 

‘Nebenhiigeln,’ ‘mamelons,’ or ‘conelets,’ six to nine in all. Von 

Meyer regards Cuvier’s type of ‘M.’ tapiroides as a milk tooth, 

astatement which requires verification by examination of the type. 

Observe also the spur (‘Wulstkante’) on the anterior and posterior 

slopes of the main internal lobe. Von Meyer rejects the direct 

relationship of ‘M.’ turicensis either to M. americanus or to ‘M.’ 

tapiroides. 

(Von Meyer, 1867, p. 48): “III. Mastodon Turicensis Schinz. 

Mastodon Turicensis gehért zu den Trilophodonten. Er unter- 
scheidet sich von dem derselben Gruppe angehérigen Mastodon 

angustidens hauptsichlich dadurch, dass die Krone seiner Backen- 

zabne einfacher und dass die Stosszihne kleiner sind. Die Quer- 

reihen der Backenzihne stellen Querkimme, durch tief ein- 

geschnittene Querthiler getrennt, dar; die Querthailer werden 

nicht durch Nebenhiigel oder Hiibel versperrt. Die Querkimme 
sind nicht einfach, . . . Die Querkiimme zerfallen in eine 

deutlich zu unterscheidende dussere und in eine innere Hilfte, 

deren jede aus zwei, drei, selten aus mehr Hiigeln oder Hiibeln, 

die in der Richtung der Querreihe mehr oder weniger verschmolzen 

sind, zusammengesetzt ist. Der fussere und der innere Haupt- 

hiigel eines Querkammes sind die stiirksten, und von ihnen zieht 

vorn und hinten eine Wulstkante herunter. Mastodon 

Turicensis gleicht noch am meisten M. Ohioticus, dessen Quer- 

reihen aber deutlicher in zwei Hilften getrennt erscheinen und 

deren Abnutzungsflichen mehr zum Rhombischen hinneigen. 

Durch die Aehnlichkeit der Zihne des Mastodon Turicensis mit 

dem Nordamerikanischen M. Ohioticus hat man sich verleiten 

lassen, das Vorkommen letzterer Species auch fiir Europa anzu- 

nehmen. Man glaubte ferner, dass die Zihne von M. Turicensis 

zu denen gehérten, welche Cuvier unter M. tapiroides begriff. 

Beides ist jedoch falsch. Cuvier’s Mastodon tapiroides (Oss. 

foss., 4e. éd. II. p. 371. t. 28. f. 6) beruht einzig und allein auf einem 

noch dazu unvollstiindigen Milchbackenzahn, der mit noch zwei 

anderen Ziihnen in dem tertiiren Lacuster-Gebilde von Monta- 

buzard bei Orleans in Frankreich gefunden wurde.” 

Turicius turicensis simorrensis Osborn, 1926 

Figures 141, 148, 163 

Upper Middle Miocene. From near Simorre (Gers), France. 

This subspecific stage was based by Osborn (1926.706, p. 3) 
on a third right inferior molar, r.Ms3, which Lartet in 1859, Pl. xv, 

fig. 3, erroneously determined as belonging to Mastodon tapiroides. 
The name T'uricius turicensis simorrensis has been assigned to it, 
in reference to the locality in which the specimen was found. The 

distinctive characters of this molar tooth are readily seen by an 

examination of figure 148, where it is shown in comparison with the 
type right third inferior molar of Mastodon [=Zygolophodon| 

pyrenaicus Lartet (see also Fig. 163 below). 
Turicius turicensis simorrensis Osborn, 1926. ‘Additional 

New Genera and Species of the Mastodontoid Proboscidea.” 

Amer. Mus. Novitates, No. 238, p. 3. Typre.—(Op. cit., 

1926.706, p. 3): ‘A third right inferior molar, r.Ms;.” Hori- 

ZON AND Locaurry.—Upper Middle Miocene. From near Simorre 

(Gers), France. Type Fiacure.—Op. cit., 1926.706, p. 4, 

fig. 2. 

Spreciric CHaracters.—(Osborn, 1926.706, p. 3): “Strong 
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external trefoil crest; strong internal cingulum; tetartolophid well 

developed with four conelets; pentalophid rudimentary with two 

conelets. A premolar succession (Lartet). Anteroposterior meas- 

urement 205 mm., transverse measurement 83 mm.”’ 

Type oF TURICIUS TURICENSIS SIMORRENSIS OF THE 

Upper Mrippite Miocene 

Fig. 163. Type third inferior molar of the right side, r.Mg, of Turicius 

turicensis simorrensis Osborn, 1926, after Osborn, 1926.706, p. 4, fig 2, 

one-half natural size. From Simorre (Gers), France. Erroneously deter- 
mined by Lartet as Mastodon tapiroides. Compare Lartet, 1859, Pl. xv, 

fig. 3 (‘‘M. tapiroides’’); also p. 513: “‘Derniére molaire inférieure 

droite du M. tapiroides des environs de Simorre (Gers). La hauteur des 

collines dépasse |’épaisseur de leur base. Les vallons qui les séparent sont 

en partie interceptés par une aréte récurrente tuberculée dans le fond. 

La base interne de la couronne est entourée d’un collet saillant. Long- 

ueur de la couronne, 0,205; largeur entre les deuxiéme et troisiéme 

collines, 0,083.” 

It is noteworthy that this specimen from the upper Middle Mio- 

cene of Simorre contains five to six ‘mamelons’ on the three anterior 

lophs and is more progressively lophodont than the type of Zygolophodon 

pyrenaicus attributed to the Middle Miocene of Ile-en-Dodon. The 

wood engraving of this specimen after Gaudry is reproduced above in 

figure 141 of the present Memoir. 

Turicius atticus Wagner, 1857 

Figure 164, also Pl. 1m, I 

Typical Lower Pliocene of Pikermi, Greece. 

Compare ‘ Mastodon’ turicensis described by Gaudry, 1862 (pp. 218, 220, 
and 221 of present Memoir). 

This species rests upon the teeth described and figured by 

Wagner (1857) as Mastodon atticus, a specific name which has 

erroneously been regarded as a synonym of Mastodon pentelicus 

Gaudry, 1856. Restudy of Wagner’s figure and description makes 

it apparent that this animal is entirely distinct from the buno- 
mastodont Trilophodon (Choerolophodon) pentelicus and that it 

belongs to the zygolophodont phylum of Turicius. Consequently 

Osborn (1926) revives Wagner’s specific name as appropriate for 

the [type] specimen of the Lower Pliocene stage of Greece, namely, 
Turicius atticus. 

Mastodon atticus G. & L., Wagner, 1857. ‘Neue Beitrage zur 

Kenntniss der fossilen Siugthier-Ueberreste von Pikermi.’’ Abh. 

bayer. Akad. Wiss., Band VIII, Cl. II, Abth. I, p. 140. [Typr].— 

Left fourth superior premolar and first molar, 1.P4, M?. Hort- 

ZON AND Locatiry.—Lower Pliocene, Pikermi, Greece. [TYPE 

Ficure].—Wagner, 1857, Tab. vu, fig. 16. 

(Typr] Descrrprion.—From Wagner’s description of this 

specimen we may extract the following (Wagner, 1857, pp. 140- 

142): ‘‘Es ist nur ein kleines Bruchstiick vom Vorderende eines 

PROBOSCIDEA 

linken Oberkiefers (Tab. 5 [Tab. vir] Fig. 16), was sich zugleich mit 
seinen beiden ersten Zihnen erhalten hat. Der erste Backenzahn 

hat eine ovale, nach vorn stark verschmilerte, etwas stumpf 

dreieckige Form, deren breitester Theil hinterwarts liegt; durch die 
Abreibung hat er noch nicht sonderlich gelitten. . . . Der zweite 

Backenzahn ist weit grosser als der erste, viel langer als breit, und 

nimmt nach hinten an Breite zu. Er ist durch zwei tiefe Quer- 
furchen in drei Querhiigel abgetheilt, die durch eine seichte Kerbe 

in der Mitte abermals gesondert sind. . . . In meinen friitheren 

Type or Turicius aTricus 

Fig. 164. Left fourth superior premolar and first molar, |.P*, M!, 

deseribed by Wagner, 1857, pp. 140-142, as Mastodon atticus G. & L. 

Reproduced after Wagner’s original figure, Tab. vu, fig. 16, reduced 

to two-thirds natural size. (Wagner, op. cit., p. 158): ‘ Vorderende 

vom linken Oberkiefer des Mastodon atticus mit den beiden ersten 

Backenzihnen.” 

Left P‘, measuring ap. 30 mm., tr. 26 mm., is functional as in 
Serridentinus. The three crested or trilophodont M!', measuring ap. 

54 mm., tr. 45 mm., is proportionate in size to the Dps of Gaudry’s 
‘Mastodon’ turicensis (Fig. 165). 

Erérterungen dieser Ueberreste habe ich es nicht gewagt, sie einer 

bestimmten Spezies von Mastodon zuzuweisen. Gaudry und 

Lartet haben sie jetzt als Mastodon atticus bezeichnet; ihre aus- 

fiihrliche Abhandlung, die noch nicht erschienen ist, wird jeden- 
falls die Griinde angeben, warum sie dieselbe von M. angustidens 

getrennt haben.” 

‘MAsTopON’ TURICENSIS OF PrkERMI.—The milk dentition 

probably belonging to the same species Twuricius atticus was fully 

described by Gaudry, 1862, under the caption Mastodon turi- 

censis. Gaudry’s Pikermi specimen (1862, pp. 152-159, PI. 

XXIV, figs. 14), fully described and figured as Mastodon turicensis, 

exhibits the following ten characters: (1) Ridge-crests: Dp 2¢ 
Dp 33 Dp 48; consequently the intermediate molars, Dp 4— 

M 2, are trilophodont; (2) the conelets are closely connate, re- 

sembling those in ‘Mastodon’ virgatidens von Meyer rather more 

closely than the clearly separated conelets of the type of ‘M.’ turi- 

censis Schinz; (3) the superior tusks are flattened oval, a layer 

of enamel covering the superior and inferior surfaces; Lartet 
describes an enamel band on the convex surface of the ‘M’. 

tapiroides of Sansan; (4) the first superior milk tooth (?Dp?) bears 

four irregular cones and the rudiment of a talon; (5) the second 

superior milk molar (Dp*) bears two subacute crests with partly di- 

vided cones and two cones on the talon; (6) the third superior milk 

molar (Dp*) is composed of three distinct crests surmounted with 

numerous conelets, with a trace of a trefoil spur (“une trace 

d’aréte’’) on the inner side. 
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Fig. 165. 
Pikermi. After Gaudry, 1862, PI. xx1v, figs. 1, 2, and 4, one-third natural size. 

is now referred by Osborn to the species 7'uricius atticus (= Mastodon atticus of Wagner, 1857). 

1 (side view) and Fig. 2 

Lower Jaw.—(7) Symphysis abbreviated, recalling that of 

M. americanus, its upper face deeply hollow, the rami broad and 

shallow; (8) small inferior milk incisors (Dig) similar to those of 

M. americanus, probably deciduous; (9) first inferior molar (Dps) 

primitive, elongated, laterally compressed, composed of a promi- 

nent cone and two posterior conelets; second inferior molar (Dps) 

with double crests, third inferior molar (Dp,) with three very 

distinct crests and external trefoil spur (aréte) on each crest; 
(10) no trace of vertical succession by permanent molars, again 

resembling M. americanus. The above progressive and retrogres- 

sive characters of the milk teeth serve to separate T'uricius atticus 

very positively from 7’. turicensis (typicus) and geologically preced- 

ing stages, 

Turicius virgatidens yon Meyer, L867 

Figures 167, 168, also Pl. 11 H, H1-H3 

Type: Middle(?) Pliocene, ‘Gelben Lehme’ bei Fulda, northeast of Frank- 

fort, Germany. Referred: Middle Pliocene, Murinsel, Croatia, and Laaerberg, 
Austria 

Mastodon virgatidens von Meyer, 1867. ‘“‘Studien iiber das 
Genus Mastodon.” Palaeontographica, Band XVII, 1867-1870, 

pp. 61-63. TyYPeE (FIDE vON Meyer).—A right third lower 

molar, r.Ms, a second right lower molar, r.Me, and a second left 

upper molar, 1.M?. Horizon anpd_ Locaurry.—‘Gelben 

Lehme’ bei Fulda, northeast of Frankfort, Germany; Middle(?) 

Pliocene. Tyre Ficure.—Op. cit., Taf. tv, figs. 1-5. 

(Left lower figure) Inferior milk premolar, Dp4y, enlarged from Fig 

(crown view), two-thirds natural size. 

Superior and inferior 1.ilk premolars, Dp**, Dpe4, of ‘ Mastodon’ turicensis ref., from 

The same specimen 

Fig. 166. Compare T'uricius virgatidens (Fig. 168). A lower 

molar, l.Me, from Murinsel, Croatia, referred by Vacek to Mas- 

todon tapiroides [= Turicius turicensis], but which appears to 
be closer to the stage Turicius virgatidens. After Vacek, 1877, 

Taf. vit, figs. 4,4a, one-third natural size. Same as figure 140 

Fig. 167. Anterior aspect of protoloph of T'uricius, after Schlesinger, 1913, 

fig. 2, p. 718, one-half natural size 
(Left) Turicius virgatidens ref., Middle Pliocene, Terrasse yom Laaer- 

berg, Austria. 

(Right) Referred Turicius (?) tapiroides 

la Touraine, France, Helyétien 

Middle Miocene, Faluns de 
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Tyre or TURICIUS VIRGATIDENS 

Fig. 168. Type molars of Mastodon virgatidens von Meyer, 1867, Taf. 1v, figs. 1-5, one-half natural size. From ‘Gelben 

Lehme’ bei Fulda, northeast of Frankfort, Germany. 

Taf. rv, fig. 1 (op. cit., p. 62): ‘‘Letzter Backenzahn der rechten Unterkieferhalfte.” Taf. rv, figs. 2, 3: ‘‘ Vorletzter 

Backenzahn der rechten Unterkieferhilfte.”’ 

Oberkieferhilfte.”’ 

Fig. 1. 

figs. 4 and 5, second superior molar of the left side, 1.M?. 

This final stage of Twricius seems to be rare; besides the type 

from Fulda, Germany, we observe one tooth from Murinsel, 

Croatia (Fig. 166), which may be referable to the same species. 

Schlesinger (1913, p. 716) also described from the locality of Laaer- 

berg, ‘‘ Mittelpliociin, Terrasse vom Laaerberg,”’ a large tooth which 

he regards as transitional between Zygolophodon tapiroides Cuv. 

and Z. borsoni Hays and which (p. 720) he likens to Tetrabelodon 

virgatidens (cf. Abb. 1, p. 716, Abb. 2, p. 718, and Abb. 3, p. 720); 

this Laaerberg animal, which Osborn is inclined to regard as re- 

sembling Turicius virgatidens more closely than the typical Zygo- 

lophodon borsoni, appears to confirm the Middle Pliocene age of 

T. virgatidens. 

Grotocic Acz.—The uppermost Miocene age attributed by 

Sandberger and von Meyer probably corresponds with the Middle(?) 

Pliocene age according to more recent correlation; certainly Turi- 

cius virgatidens is much more progressive than the T'uricius atticus 

of the Pikermi stage. 

The geologic age of this very important species is not determi- 

nable from von Meyer’s description. The characters of the grind- 

ing teeth appear to represent a stage considerably more progressive 
than that from the Lower Pliocene of Pikermi, namely, T'uricius 
atticus. Vacek (1877, p. 7) observes: ‘Die Reste desselben stam- 
men aus einem gelben Lehme bei Fulda, . . . den aber in neuerer 
Zeit Prof. Sandberger in seinem schénen Werke iiber die Siiss- 
wasser-Conchilien (synchr. Taf.) als oberstes Miociin anfiihrt.”’ 

Taf. rv, figs. 4, 5 (op. cit., p. 63): ‘‘Vorletzter Backenzahn aus der linken 

Third inferior molar of the right side, r.M3; figs. 2 and 3, second inferior molar of the right side, r.Mo; 

Vacek (op. cit., pp. 7 and 8) cites von Meyer’s characteriza- 

tion of this species and compares it closely with Mastodon borsoni 

and M. tapiroides, i.e., ‘M’. turicensis, but fails to perceive the funda- 

mental distinctions in the character of the ridge-crests and in the 
multiplication of the conelets, especially in M?-Mp (Fig. 168, 2, 4), 

which clearly distinguish the species ‘Mastodon’ virgatidens from 

any less progressive species in the T'uricius phylum. 

Tyre Drscription.—Von Meyer characterizes these teeth as 

follows (von Meyer, op. cit., 1867, p. 61): ‘Die Backenzihne sind 
von ausgezeichneter Schonheit; die beiden vorletzten sind drei- 

reihig, einen Trilophodonten verrathend, dessen Zihne sich nur 

denen in Mastodon Turicensis vergleichen lassen. Sie sind aber 
womoglich von noch einfacherer Bildung und etwas grésser als 

die von Elgg, namentlich verhaltnissmassig breiter; die Quer- 

reihen bestehen nicht aus Hiibeln oder zitzenformigen Theilen, sie 

gleichen mehr Querkammen und sind eher noch schirfer und 
flacher, die Querthailer den Kimmen entsprechend tiefer und 

schirfer eingeschnitten und noch freier, und die Halften der Quer- 
kimme deutlicher getrennt als in M. Turicensis. . . . Die Wulst- 
kanten der Haupthiigel sind zwar deutlich aber eher schwicher, 
und zwischen denen der Aussen- und Innenseite besteht kein so 

deutlicher Unterschied in Stiirke als in M. Turicensis. Die durch 
das Ineinandergreifen der gegenstiindigen Kronen bedingte Ab- 
nutzung ist daher mehr mit Zuscharfung der Kimme verbunden, 
als dass kleeblattférmige oder ovale Kauflachen entstiinden. Bei 
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den oberen Backenzihnen verlaufen die Haupthiigel der Innen- 

seite, bei den unteren Backenzihnen die Haupthiigel der Aussen- 

seite wulststreifig gegen ihre Basis hin, was wohl bei langerem 

Gebrauche der Zihne an Deutlichkeit verloren haben wiirde, aber 

doch entschieden dazu beitragt, diesen Zihnen ein eigenthiimliches 
Gepriige zu geben. 

Osborn, 1925: Von Meyer rightly describes these beautifully 

preserved types as more sharply lophodont than the M. turicensis 

type, the ‘wulstkanten’ (=‘mamelon’) being sharply compressed; 

the teeth are broader and shorter than those of M. turicensis; 

the superior tusk (‘stosszahn’) is described as 5% feet long, of 
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oval section, entirely devoid of enamel coating or enamel band, 

greatly exceeding in size the tusk referred to M. turicensis—all of 

which leads von Meyer (op. cit., p. 63) to conclude: “Ich habe 

daher diese Zihne unter dem Namen Mastodon virgatidens be- 
griffen.”’ 

Turicius wahlheimensis Klihn, 1922 

Figure 229, also Pl. m1 J 

Pliocene. 

For brief description and figure, see page 282, fig. 229, of 

the present Memoir. 

From Wahlheim and Esselborn, Rheinhessen, Germany. 

8. GEOGRAPHIC DISTRIBUTION AND EXTINCTION OF SPECIES OF TURICIUS 

Compare Pu. i A-J, pp. 134-135 

As fully described in the previous pages, T'uricius occurs successively in the Lower Miocene of France, age of 

the Sables de l’Orléanais, Calcaire de Montabusard, and Faluns de Pontlevoy, clearly enumerated by Mayet 

(1908). It occurs in the Middle Miocene of Sansan and Simorre, as described by Lartet, and of Styria, as described 

by Schlesinger, also in the Upper Miocene lignites of Switzerland, as described by Schinz, von Meyer, and other 

authors. In all these Miocene stages the cones and conelets are more or less separate, rounded, and distinet at the 

summit. In the Lower Pliocene stage (Turicius atticus), fully described and figured by Wagner as ‘Mastodon’ 

atticus and by Gaudry as ‘Mastodon’ turicensis, the conelets become connate at the summit. This sharply con- 

nate character is still more accented in the Turicius virgatidens of von Meyer; the type tooth is sharply zygodont, 

which reminds one of some of the Pliocene stages of Stegodon, although the conelets (Fig. 168, 2) are much smaller 

and also less numerous than in the progressive Stegodon of India. Turicius apparently survived until the Middle 

Pliocene (Pliocéne ancien), but no trace of species of this T'’uricius phylum has been found in Upper Pliocene beds 

containing remains of Z. borsoni. 

DISTINCTION FROM SERRIDENTINUS.—These zygolophodont progressive tendencies in Turicius and the devel- 

opment of a pure transverse crest, to which the name Zygolophodon so clearly applies, is quite distinct from the 

development of the corresponding conelets and crests in the American Serridentinus in which the cones and conelets 

do not become connate and remain quite distinct at the summit. The second distinction of Serridentinus is the 

progressive strengthening of the ‘trefoil spurs,’ which become more and more prominent and conspicuous in 

progressive stages, surmounted with small conelets, whereas in progressive stages of Turicius, like T. atticus and 

T. virgatidens, the ‘trefoil spurs’ are reduced to fine ridges accented with numerous small conelets. Thus while 

there is a strong resemblance in the Miocene stages between species of Serridentinus and species of Turicius, 

there is very little resemblance between final species in these two phyla which are very widely divergent. This 

becomes clear in the following treatment of Serridentinus (Chap. X). 
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CHAPTER VIII 

HISTORY OF THE SUBFAMILIES LONGIROSTRINA: AND AMEBELODONTIN-~. 
ORIGIN AND GEOGRAPHIC DISTRIBUTION OF THE LONG-JAWED 

MASTODONT PHYLA 

SEPARATION OF THE ‘TRUE BUNOMASTODONTS’ OF THE FAMILY BUNOMASTODONTID®. CHARACTERS OF THE 

FIVE' BUNOMASTODONT SUBFAMILIES, THE LONGIROSTRINES, SERRIDENTINES, RHYNCHOROSTRINES, NOTOROSTRINES, 

AND BREVIROSTRINES. PHYLETIC HISTORY AND MIGRATIONS OF THE EXTREMELY LONG-JAWED PHIOMIA-AME- 

BELODON, ALSO OF TRILOPHODON. DENTAL SUCCESSION IN THE LONGIROSTRINES AND OTHER MASTODONTS. 

1. Characters of the family Bunomastodontide and separa- 10. Trilophodonts or Serridentines of Japan. 

tion of this family into nine! distinct subfamilies. 11. Miocene and Pliocene mastodonts of Baden and Rhein- 
2. Characters of the subfamilies Longirostrine and Tetra- hessen, Klahn, 1922 (p. 281). 

lophodontine. : ; f 12. The Lower Miocene Trilophodont of France (T'rilophodon 
3. Dental succession in the Longirostrines and other pontileviensis) compared with the primitive Tri- 

mastodonts (see also p. 230). lophodon cooperi of Baluchistan. 
4. Generic characters of Phiomia and its division into three 13 

to four progressive species, P. minor, P. serridens 
(=wintoni), P. wintoni, P. osborni. ee Ronee ne ; f th F 

5. ‘Transition from Phiomia osborni to Phiomia pygmezus. 14. Brachyodont, forest-loving species of the east coast o 
: i th America. 

6. History and characters of the genus Trilophodon Fal- __— Due ee = J fe 
coner; chronological order of discovery and descrip- 15. ‘Uproot-tuskers’ of Kansas, Nebraska, South Dakota, 

Migration of Eurasiatie Trilophodon at the close of the 
Miocene. 

tion of the forty actual or related species of T'ri- Colorado, and New Mexico (p. 288). 
lophodon. ; 16. Review of the Frick Collection of Trilophodonts, 1924— 

7. Typical Trilophodon angustidens of Cuvier including 1933. ; ; 
European and African stages. Separation from 17. Summary of the origin and phylogenetic succession of 
Serridentinus. the Trilophodonts. 

8. Trilophodon (Choerolophodon) of southeastern Europe 18. Discovery and description of the ‘shovel-tuskers’ 
(Pikermi, Samos), and of Asia (Maragha, Persia). (Amebelodon, 1927), successors to Phiomia osborni. 

9. Asiatic species of Trilophodon, chiefly of Middle and ; k 
Lower Miocene age. Evolution of the central APPENDIX. Cuvier’s type of Mastodon angustidens. 
conules (pp. 276-278). Central conules distinctive of Trilophodon. 

(December, 1933). The epoch making discovery of the ‘shovel-tuskers’ of eastern Eurasia and of North America, subsequent 
to the completion of the main portion of the present Chapter (VIII), is fully described in Section 18, including the chief discoveries 
between the years 1927 and 1933. (October, 1934) Ancestral to the ‘shovel-tuskers’ (Amebelodontinz) was the Phiomia of northern 
Africa (see Pls. V and VI between pp. 235 and 236). 

This chapter is purposely comprehensive in order firmly to establish the distinctions of the Bunomastodonti- 

de from the Mastodontide, namely, in the blocking of the intermediate valleys by a central conule or a 

‘trefoil spur’ which is wanting in the superior grinders of two primitive species, Phiomia minor and P. wintoni 

(ef. Fig. 179, B, A), but makes its appearance as a neomorph or rectigradation’ in the inferior grinders of P. 

wintoni (Fig. 182 B1) and in the inferior grinders of P. osborni (Fig. 185, Al), probably also in P. pygmzus (Fig. 187 A). 

This very important conule reappears directly in the center of the valleys in the type of ‘Mastodon’ minutus Cuvier 

(Fig. 191); it attaches itself to the external cones in the inferior molars, forming the outer trefoil, and to the internal 

cones of the superior molars, forming the inner trefoil, as shown in figure 190, Cuvier’s type of ‘Mastodon’ angustidens. 

This central conule of Phiomia and of Trilophodon (Figs. 185 and 195) and possibly of Tetralophodon is readily seen 

in the unworn condition of the grinding teeth and clearly distinguishes the grinding teeth of the Longirostrinz 

from those of the Serridentin, in which there is no central conule but lateral spurs that gradually arise on the in- 

ternal and external cones of the superior and inferior molars respectively. In the worn condition of the grinding 

teeth the molars of Trilophodon and of Serridentinus appear very much alike. 

This important distinction is explained below in describing the subfamilies of the Bunomastodontide, also in 

the early part of Chapters IX and X. The progressive development of the grinding tooth pattern in the Buno- 

mastodontide is illustrated in a comparison of the species arranged in ascending order of specific evolution under 

the four most highly characteristic genera, as follows: 

1(1935) See Appendix of present Volume for final classification of the Mastodontoidea. At date of going to press, the Bunomastodontid# embrace seven 
subfamilies, namely, the Longirostrine, Amebelodontine, Tetralophodontinw, Rhynchorostrine, Notorostrinw, Brevirostrine, and Gnathabelodontinw. The 

Serridentine and Platybelodontine have been removed to the Serridentide fam. nov., the Humboldtine to the Humboldtide fam. noy. 
* ‘Rectigradations’ Osborn, 1908, are termed ‘aristogenes’ Osborn, 1932-1933. 
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ty 

Intermediate molars with three 

or four crests; shovel-shaped incisors 

of Phiomia osborni descent 

Amebelodon 

Trefoils progressive 

Amebelodon fricki, etc. 
‘Shovel-tuskers’ of Eurasia 

and America 

Rudimentary or progressive conules 

in the median valleys. Third inferior 

grinders with three and a third crests. 

No trefoils. Crowns primitively 

brachyodont. Central conules progres- 

sive. 

OSBORN: THE PROBOSCIDEA 

Typically developed conules in the 

median valleys. Third inferior molars 

with four and a half to five and a half 

crests. Single external and internal 

trefoils persistent; bare rudiments of 

double trefoils. Crowns persistently 

brachyodont. 

Trilophodon Falconer 

Single trefoils 
Trilophodon (Megabelodon) lulli 

Trilophodon giganteus 

Amebelodon (Trilophadon) hickst 

Amebelodon (Trilophodon) paladentatus 

Trilophodon abeli 

Trilophodon pojoaquensis 

Trilophodon (Genomastodon) osborni 

Trilophodon (Genomastodon) willistoni 

Progressive species of the 

American Mio-Pliocene 

Trilophodon angustidens cuviert 

Trilophodon angustidens var. 

germanicus 

Trilophodon pandionis 

austro- 

Third inferior molars with five to 

eight and a third crests; intermediate 

molars with four crests. Double tre- 

foils arising in inferior and superior 
grinders. Crowns brachyodont to 

subhypsodont, to hypsodont. 

Tetralophodon Falconer 

Double trefoils 

Tetralophodon (Morrillia) barbouri 

Tetralophodon campester 

Tetralophodon elegans 

Tetralophodon punjabiensis 

Tetralophodon grandincisivus 

Tetralophodon longirostris 

Progressive species of the Pliocene 

of America and Eurasia 

Tetralophodon (Lydekkeria) sinensis 

(single trefoils) 

Tetralophodon (Lydekkeria) falconeri 
Trilophodon palxindicus 

Trilophodon macrognathus 

Trilophodon sendaicus 

Trilophodon angustidens 

Primitive and progressive 

species of Eurasia 

Primitive species of China 

Phiomia Andrews and India 

Phiomia pygmzus 

Phiomia osborni 

Phiomia wintoni 

Phiomia serridens 

Phiomia minor 

Primitive ‘shovel-tuskers’ of the 

African Oligocene 

Trilophodon angustidens libycus 

Primitive species of 

Moghara, Egypt 

1. CHARACTERS OF THE FAMILY BUNOMASTODONTID AND SEPARATION OF THIS 

FAMILY INTO NINE’ DISTINCT SUBFAMILIES 

FAMILY: BUNOMASTODONTID Osborn, 1921 

Original reference: Amer. Mus. Novitates, 1921, p. 2 (Osborn, 1921.515). 

(1) As previously described in Chapter II of this Memoir, the family Bunomastodontidze comprises the ‘true 

bunomastodonts,’ in which, as the two Greek words fowés and yards indicate, the grinding teeth retain or 

progressively develop ‘conules’ and single, double, or quadruple ‘trefoils’ in the valleys between the transverse 

crests; whereas in the ‘true mastodonts’ the valleys between the transverse crests are uninterrupted by either 

‘conules’ or ‘trefoils.’ Family characters arise independently in nine! subfamilies (see table, p. 228). 

(2) This type of grinding tooth does not appear in primitive bunomastodonts like Phiomia minor (Fig. 179 

B) or certain Phiomia wintoni (Fig. 179 A), but is clearly shown in progressive species like Phiomia osborni (Fig. 

185) in which a large conule appears between the crests of P,-M;, and is shown to connect itself on prolonged 

wear with the external cones of the inferior molars, thus constituting a true ‘external trefoil’; this conule reappears 

in the grinding tooth of Phiomia pygmezus (Fig. 187 A), in which the summits of the cones subdivide into two 

‘conelets’ as in all higher mastodonts. In certain lower grinders referred to Phiomia wintoni (Fig. 182 B1) these 

conules ; also appear, but they are absent in upper grinders referred to Phiomia wintoni (Fig. 179 A). 

‘See footnote on page 225. 
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PROGRESSIVE LOPHODONTY AND HYPSODONTY 

S. productus 

Amer. Mus. 10582 Ref: 

S. serridens 

Amer. Mus. 10673 Ref. 

Phiomia minor : ‘A. 
Amer. Mus. 13448 13470 Ref. = ZL a, aggimt nnn oma 

ZL A . 4 ff 

Puiomia (A) anD SERRIDENTINUS (B, C) CranraL Comparison 
ScALE NOT UNIFORM 

Fig. 170. Cranial profiles and lateral enamel bands in the African 
Phiomia and the American Serridentinus. Seale not uniform. 

American Lower Pliocene. C, Serridentinus productus ref., Clarendon 
formation, Texas. 

American Lower Pliocene. B, Serridentinus serridens ref., of Claren- 

don age, Texas. 
N. Africa, Lower Oligocene. A, Phiomia minor (skull), wintoni (jaw). 

Fluvio-marine beds of the Fayim, Egypt. 

The Phiomia minor skull is about half the size of the two Serridentinus 
productus and S. serridens skulls; the proportions of the facial and cranial 
regions are very similar; the elongation of the jaws is practically similar and 

much less pronounced than in Trilophodon angustidens. These animals, 
therefore, are of medilongirostral type. 
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1. campester 

Neb Mus. 22-10-6-14 Ref = inner view! Ly 

T. giganteus 
Amer. Mus. 17359 Type 

S. progressus 
Amer. Mus. 8529 Type 

D 

S. productus 
Amer. Mus. 10582 Ref. 

S. serricens 
Amer. Mus. 10673 Ref. 

ot 

Phiomia osborni 
Amer. Mus. 13468 Type 

: oy) 
All 1/4 nat. size 

Purom1a (A), SeRRIDENTINUS (B-D), TriLopHopon (E), 

TETRALOPHODON (F). ScaLeE UNIFORM 

Fig. 171. Evolution of the left second and third inferior molars in the 

Tetralophodontine, Longirostrine, and Serridentine. Uniform reduction 

scale of one-fourth. 
F, Tetralophodon campester ref.. Neb. Mus.; Mg with 6g crests, Me 

with 4 crests. 
E, Trilophodon giganteus tvpe, Amer. Mus.; M3 with 4 to 5 crests, 

Mb with 3} crests. 
D, Serridentinus progressus type, Amer. Mus.; Mg with 44% crests, Ma 

with 3 crests. 
C, Serridentinus productus ref., Amer. Mus.; Mg with 4} crests, Ms 

with 3 crests. 
B, Serridentinus serridens ref., Amer. Mus.; Mg3 with 445 crests, Me 

with 3 crests. 
A, Phiomia osborni type, Amer. Mus.; M3 with 3) crests, Me with 

3 crests. 
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‘See footnote on page 225. 

*Notorostrineg, Humboldtinew, and Serridentinw (Notiomastodon). 

THE PROBOSCIDEA 

(3) Another dental characteristic of all primitive buno- 

mastodonts is the presence of a lateral enamel band on the 

superior tusks in apposition to the elongate and flattened 

inferior tusks which lack the enamel band. This betokens 

the primitive functional use of the upper and lower tusks in 

apposition, correlated with a grinding and triturating molar 

action rather than the chopping motion characteristic of the 

‘true mastodonts’ (Fig. 172). 

(4) This combined functional action of the tusks and 

grinding teeth arises in Phiomia, persists in the Longirostrinz 

or ‘long-jawed bunomastodonts,’ in the Serridentine or 

‘medium-jawed mastodonts,’' and in the Rhynchorostrine 

or ‘beak-jawed bunomastodonts.’ The latter undergo a 

more or less parallel evolution, the original functions of the 

tusks and of the grinding teeth being retained, but with 

the progressive addition of double trefoils in the genus 

Tetralophodon of the Tetralophodontine (Fig. 172). 

(5) In three of the subfamilies, namely, the Notorostrine, 

the Humboldtinz,' and the Brevirostrine or ‘Brevirostrines,’ 

this original combined function is lost through the abbrevia- 

tion of the jaw and the disappearance of the lower tusks. 

Once released from their cutting function with the lower tusks 

the upper tusks begin to rise, first retaining the enamel (Cordil- 

lerion andiwm), then losing the enamel and becoming upturned 

(Cuvieronius humboldti'). In parallel evolution the ‘short- 

jawed bunomastodonts’ (Brevirostrine) lose their lower 

tusks at an early stage and develop long, projecting horizontal 

or upturned superior tusks without enamel (Fig. 172). 

(6) By these mechanical methods the Bunomastodontidz 

rose from small proboscideans similar to Phiomia of North 

Africa, probably frequenting the lowlands and swamps, 

adopting a browsing habit with their bunomastodont grinding 

teeth, and gradually differentiated into nine’ subfamilies, 

members of which migrated throughout the entire Northern 

Hemisphere and gave off three branches,” which pene- 

trated to the southern extremity of South America. 

We treat this subject of adaptive radiation and geographic 

distribution of the bunomastodonts more fully in Chapter 

XXI on ‘Affinities, Migrations, and Phylogeny of the Probo- 

scidea.’’ Meanwhile these nine’ subfamilies may be clearly 

distinguished, asin the accompanying table. 
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DiverGent ADAPTIVE RADIATION OF CRANIA AND INCISIVE TUSKS IN SIX BUNOMASTODONT SURBFAMILIES. 

Anancus arvernensis 

Cuvieronius 

humovolatit 

Rhynchotherium 

tlascalige 

All Ley natural size 

ScaLE UNIFORM 

Fig. 172. Comparative outline illustrations, side view, to same scale, of the completely restored skulls, jaws, and tusks, in descending order, of: 

Trilophodon (Megabelodon) lulli! 
Trilophodon (Genomastodon) willistoni, juvenile 

Phiomia minor 

Serridentinus productus 

Tetralophodon grandincisivus 

Tetralophodon campester 

Rhynchotherium tlascalz, restored 

Observe persistent enamel band on inferior 

tusks, also apposition of inferior and superior 

tusks. 

Stegomastodon arizonx 

Anancus arvernensis 

Cuvieronius humboldtii, juvenile 

In contrast with superior enamel band Cordillerion andium 
only in Trilophodon, Phiomia, Serridentinus, and 

Tetralophodon, and absence of enamel band on 

inferior tusks. 

(Osborn, 1934) Serridentinus belongs in the new family Serridentide; Stegomastodon and Cuvieronius in the new family Humboldtide. 

'The type mandible of Trilophodon lulli, originally restored by Barbour in 1914 with a pair of slender inferior incisive tusks (lig. 244 of present 

Memoir), is now found to be tuskless. The rostrum is expanded at the tips. See Barbour, 1934.2. 
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TRILOPHODON PRODUCTUS 

ELEPHAS PLANIFRONS 
B f (HYPOTHETICAL) 

( “AM.No. 18216 
- ?R. EDENSIS 

RHYNCHOTHERIUM 

y, 

2°, R. SHEPARDI not Leidy 
“ ‘ AM. No. 8532 Rees. 

LOXODON AFRICANUS 

DenTAL Succession: BUNOMASTODONTIDH AND ELEPHANTIDS. AFTER Frick, 1926. ScaLE NOT UNIFORM 

Fig. 173. Dental succession in the Amebelodontine, Longirostrine, and Rhynchorostrine compared with that in the Elephantide. 
After Frick, 1926, p. 126, fig. 1C. 

Phiomia wintoni 

A, Juvenile jaw containing complete functional milk series, 

Die, Dp2, Dp3, Dps, also M;; permanent premolars, P3, Ps; 

M> partly buried in jaw. 

B, Adult stage with adult functional dentition, Iz, P3, Ps, 

Mi-M3. 

C, Incisors in section. 

Trilophodon [=Serridentinus] productus 

A, Juvenile jaw, partly hypothetical (compare juvenile 
Phiomia wintoni, also Amer. Mus. 21113 and 21112). 

C, Incisors in section. 

B, Adult mandible (Amer. Mus. 21111, neotype) containing 
Mg, Mz only. 

C, Incisors in section. 

Elephas | = Archidiskodon] planifrons 
A, Juvenile jaw, hypothetical. 

B, Semi-adult jaw, hypothetical, Ps, Mi, Me. 

Both figures based on Falconer and Cautley, 1846 [1845], 

Pl. xu, figs. 8-11, and Pl. xrv, fig. 10. 
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Mastodon americanus 

A, Juvenile jaw containing Dpo-Dps. After Kaup, 1835, 

Pl. xx, fig. 1 (east Amer. Mus. 10460). 

B, Semi-adult jaw containing Dps, Mi, Mo; Mz in jaw. 

C, Incisors in section. 

Rhynchotherium 

A, (?) R. (Dibelodon) edensis Frick (Amer. Mus. 18216B), 

Eden Pliocene, Calif. [=Rhynchotherium shepardi edensis 

of the present Memoir]. Juvenile jaw, Diz, Dp2—Dp, in situ, 

M; in lower part of jaw. 

B, R. shepardi [=Rhynchotherium falconeri Osborn, type] 

(Amer. Mus. Cope Coll. 8532), Blanco, Texas. Adult jaw, Me, 

Ms in function. 

C, Section of Is. 

Lozodonta africana 

A, Semi-adult jaw containing functional Me; Mz; still in jaw. 

B, Me shedding, M3 coming into use. 



2. CHARACTERS OF THE SUBFAMILIES LONGIROSTRINZ AND TETRALOPHODONTINE 

Original reference: Bull. Geol. Soc. Amer., 1918, Vol. XXIX, p. 136 (Osborn, 1918.468), and “Contribution to the Knowledge of 

the Fossil Mammalian Fauna of Java,” van der Maarel, 1932, p. 108. 

SUBFAMILY CHARACTERS.—(1) Cranium uniformly abbreviated. (2) Rostrum, facial region, 
moderately elongated (medilongirostral) or rostrum elongated (longirostral). (3) Lower jaws extremely 
elongated (longirostral), moderately elongated (medilongirostral). (4) Superior incisive tusks down- 
curved, outcurved, persistently broad enamel band on concave outer suface. (5) Inferior incisive 
tusks without enamel, progressively spatulate or flattened, persistent (T’rilophodon), undergoing 
reduction (Tetralophodon); abrading dentine on inner side of superior enamelled tusks. (6) Grinding 
teeth brachyodont, with single trefoils, intermediate grinders trilophodont (Phiomia,Trilophodon); inter- 
mediate grinders tetralophodont (Tetralophodon), with double trefoils, subhypsodont to hypsodont. 
(7) In final phyletic stages the grinding tooth action concentrated on third superior and inferior molars, 
M*, M;; in primitive forms (Trilophodon angustidens), two or three grinders persisting in action. 
(8) Progressive suppression or retrogressive suppression of true premolar teeth, P?*,P ».,, in upper and 
lower jaws, in contrast to the Serridentine. (9) Double trefoils slowly evolve in Trilophodon. 

This subfamily of long-jawed bunomastodonts was originally regarded as monophyletic, that is, it was 

generally believed that the Miocene genus and species first discovered (Trilophodon angustidens) passed into the 

Pliocene Tetralophodon longirostris. Following studies by Andrews and Matsumoto, Osborn demonstrates that 

the species Phiomia osborni is directly ancestral to Amebelodon. The typical Trilophodon angustidens of the 

Miocene does not give rise to Tetralophodon longirostris but passes into a long line of direct descendants in 

which the Phiomia and Trilophodon characters are progressively developed in the elongation of the jaws and in 

the persistent use of the lower tusks as an uprooting ‘shovel-tusk’ (Greek aun, shovel, 8éAos dart, and odo%s, tooth), 

hence the final stage Amebelodon fricki of Barbour. Consequently it appears (1935) that the Longirostrine are 

not monophyletic but diphyletic and that ‘M.’ longirostris and related species belong to a distinct subfamily 

named by Maarel (1932) Tetralophodontine. 

Longirostral Extreme = LoNGIrosTRIN& Osborn, 1918 

Excessive elongation of the jaw, i.e., hyperlongirostral. 

Single mesotrefoils in the superior and inferior grinders. 

Persistent brachyodonty to subhypsodonty. 

Persistent uprooting function of lower incisive tusks. 

Trilophodon, Miocene and Pliocene of Eurasia and 

North America. 

AMEBELODONTIN® Barbour, 1929 

Phiomia, Oligocene of North Africa. 

Amebelodon fricki of Nebraska, a direct descendant 

of Phiomia. 

Medilongirostral = TETRALOPHODONTINE Maarel, 1932 

Moderate elongation of the lower jaw and of the rostrum of 
the cranium, i.e., medilongirostral. 

Early development of double trefoils on superior and in- 
ferior grinders. Progressive addition of crests and trefoils in 
third superior and inferior grinders. Addition of fourth 
a in certain of the intermediate grinders, e.g., Dp 4- 

Subhypsodonty to hypsodonty, coronal cement on grinders. 

Tetralophodon (Syn. Tetrabelodon), Pliocene of Asia and 
North America. 

Lydekkeria, Miocene of southern Asia. 

Morrillia, Middle Pleistocene of Nebraska. 

With this explanation of a certainly diphyletic arrangement, we are able to define the subfamily Longi- 

rostrine by enumerating the characters common to all species of Trilophodon; the subfamily Tetralophodontine, 

as first distinguished by Maarel, by enumerating the characters of Tetralophodon (see also Chap. LX). 

Gro.ocic RaNnGE.—The long-jawed mastodonts compose numerous radiating phyla both geologically and 

anatomically, beginning with the numerous skulls of Phiomia, as well as the numerous skulls and partial skeletons 

of Trilophodon angustidens of the Miocene of France, and jaws and skulls of the Miocene and Pliocene of 

North America, continuing with the skulls and teeth of Tetralophodon of Europe, southern Asia, and North 

America; these long-jawed mastodonts appear to persist in savannas and forests until Middle or late Pliocene time. 
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232 OSBORN: THE PROBOSCIDEA 

Grocrapuic RancE.—Gervais, Gaudry, and Pomel (see Pomel, 1895, pp. 8 and 9) record from Barbary (com- 

prising Morocco, Algeria, Tunisia, and Tripoli) Mastodon [= Tetralophodon| longirostris in the lacustrine beds of 

Smendou north of Constantine; Mastodon |= Trilophodon| angustidens at Djebel-Chirichira, west of Kérouan, 

Tunis; Mastodon {= Turicius| tapiroides from the region of |’Aurés—geographic determinations of importance 

which may bear on the probable African origin of the Longirostrines. 

The Amebelodontines, as described below in the case of Phiomia, were probably savanna and stream-border 

dwellers, browsers rather than grazers. Tubers and leaves of trees were seized by pressing the elongated 

upper lip against the inferior teeth in Phiomia. The branches were drawn down by the sharpened superior 

tusks, which were also used as offensive and defensive weapons. The flattened lower tusks in Phiomia and 

Trilophodon were used in uprooting plants and smaller shrubs. The remarkable and rapid traveling powers 
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Denrat Succession In Masropon, RoyNCHOTHERIUM, SERRIDENTINUS, AND TRILOPHODON [=OcaLieNnTINUS]. AFTER Frick, 1926 

Fig. 174. Emergence and replacement of premolars and molars. After Frick, 1926, p. 128, with the substitution of specific 
determinations corresponding to those of the present Memoir. 

(Figs. 2, 2A, 3) Amer. Mus. 18216[B]. Referred ?Rhynchotherium (Dibelodon) edensis Frick [=Rhynchotherium shepardi edensis 

of the present Memoir]. Juvenile ramus, Pliocene of Eden, California. 

(Figs. 4A, 4B) Amer. Mus. 14345 (Mastodon americanus) and Amer. Mus. 8532 (type of Rhynchotheriwm falconeri) introduced 
for comparison. 

(Fig. 5) Amer. Mus. 21113. Referred juvenile Serridentinus productus, Santa Fé marls, New Mexico. 

(Pig. 6) Amer. Mus. 21112. Referred juvenile left ramus of Serridentinus productus showing unerupted Ps and Mo. 

(Pig. 7A) Amer. Mus. 21111. Adult Serridentinus productus, neotype. Santa Fé marls, New Mexico. 

(Fig. 7B) Amer. Mus, 21123. Adult paratype jaw of Trilophodon pojoaquensis (1933, referred to Ocalientinus ojocaliensis) 
clearly showing the postsymphyseal (p.s.) region. 
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DENTAL Succession IN RHYNCHOTHERIUM, SERRIDENTINUS, AND TRILOPHODON [=OcALIENTINUS]. AFTER Frick, 1926 

Fig. 175. Superior aspects of the mandibular rami and dentition of Rhynchotherium, Serridentinus, and Trilophodon |= Ocalientinus|. After Frick, 1926, 
pp. 132, 133, figs. 8-13. Figs. 8 to 12 one-sixth natural size; fig. 13 one-eighth natural size. 

(Figs. 8,9) Amer. Mus. 18216[B]. ?Rhynchotherium (Dibelodon) edensis Frick, Mt. Eden Pliocene, California [= Rhynchotherium shepardi edensis of the 

Memoir]. Deciduous tusks, Div, and premolars. 

(Fig. 10) Amer. Mus. 

. Mus. 

(Fig. 12) Amer. Mus. 

. Mus. 

. Mus. 

(Fig. 11) Amer 

(Fig. 13) Amer 

(Fig. 13) Amer 

21113. 

21112. 

21111. 

21119. 

21124. 

Serridentinus productus, Santa Fé marls, New Mexico. Referred juvenile dentition of right side, reversed. 

Serridentinus productus, Santa Fé marls, New Mexico. Referred juvenile left ramus and symphysis. 

Serridentinus productus, Santa Fé, New Mexico. Neotype adult left ramus. 

Serridentinus productus. Referred left ramus. Santa Fé marls, New Mexico. 

Trilophodon pojoaquensis { = (1933) Ocalientinus ojocaliensis], Santa Fé marls, New Mexico. External and internal views of 

referred superior and inferior grinders, P4-M2. 

(Fig. 13) Amer. Mus. 21123. Trilophodon pojoaquensis | = (1933) Ocalientinus ojocaliensis|, Santa Fé marls, New Mexico. Incomplete paratype mandible, 

lacking anterior rostrum. 
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FIG.20B 

Decipvuous PREMOLARS IN SERRIDENTINUS, TRI- 

LOPHODON [=OCALIENTINUS], AND RHYNCHOTHERIUM. AFTER 

Frick, 1926 

Deciduous premolars, Dp*-Dp! of Serridentinus, Trilophodon, 

and Rhynchotherium. After Frick, 1926, p. 140, figs. 18A—20C. 

(Fig. 18A) Amer. Mus. 18218. ?Rhynchotherium (Dibelodon) 

edensis Frick, referred 1. Dp?-Dp*. Eden Pliocene, California. (Fig. 

18B) Crown views of same teeth. [=Rhynchotherium shepardi 

edensis of the present Memoir.] 
(Fig. 19A) Nat. Mus. 4179. Serridentinus productus, re- 

ferred r.P*. Santa Fé marls, New Mexico. 
(Fig. 19B, C) Amer. Mus. 21124C, referred r.P? of Tri- 

lophodon pojoaquensis. Amer. Mus. 21124D, referred r.P‘ of 

same species. Santa Fé marls, New Mexico. [=Ocalientinus 
ojocaliensis of the present Memoir.] 

(Fig. 20A-C) Nat. Mus. 3064, type of ?T'rilophodon (Serri- 
dentinus) leidii Prick; crown and lateral views of r.P**4 (germ). 
Nat. Mus. 3062, referred left P* of same species. Florida. 
=Ocalientinus (Ser.) floridanus leidii of the present Memoir. ] 

Fic. 176. 

OSBORN: THE PROBOSCIDEA 

these Longirostrines and Amebelodonts from Africa, through 

Europe, Asia, and the west central United States as far 

south as Colorado, prove that they were well fed and well 

defended. There is no evidence for the Lull-Schlesinger 

theory that some of them were transformed by the abbreviation 

of the jaws into Brevirostrines. 

3. DENTAL SUCCESSION IN THE LONGIROSTRINES 

AND OTHER MASTODONTS 

Referring to the dental succession in Mastodon americanus 

(Chapter VI) and to the dental succession in Archidiskodon 

planifrons (Vol. II, Chap. XVI), the recent researches of Frick 

(1926) have completely clarified the previously obscure modes 

of dental succession in the Longirostrine as compared with 

other proboscideans. The szx underlying adaptive principles 

are as follows: 

(1) The precocious or accelerated development of the 

milk teeth, Di 2, Dp 2-Dp 4, including the molariform pattern 

of Dp 4, to meet the tender browsing and feeding habits of the 

juvenile stage, as in many other Herbivora. 

(2) The retardation and final suppression of the replacing 

true premolars, P 2-P 4. 

(3) The early eruption of M 1, early taking its functional 

place behind Dp 4. 

(4) The retarded eruption of M 2 coincident with the shed- 

ding of Dp 2, Dp 3. 

(5) The uniform cresting of the ‘intermediate molars,’ 

Dp 4M 2, e.g., three ridge-crests in Trilophodon and Serriden- 

tinus, four ridge-crests in Tetralophodon. 

(6) The greatly retarded eruption of M 3, with its multiple 

ridge-crests (4-6-8), after all the premolars have been lost. 

These siz principles are admirably displayed in the ac- 

companying diagrams by Frick (op. cit., p. 126—Figs. 173-177 

of the present Memoir). 

The above diagram, which clearly sets forth the principles of premolar sequence, is followed in Frick’s 

researches by numerous figures (Figs. 174, 175, 177 of the present Memoir) which illustrate in greater detail the 

actual structure of the tooth crowns and actual sequence of Dp, and M,, Mz, also the symphyses and more or 

less complete jaws of Serridentinus productus and of Rhynchotherium shepardi edensis. 
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Fig. 177. Drcipuous AND PERMANENT PREMOLARS IN THE SERRIDENTIN® AND LONGIROSTRIN®. AFTER Frick, 1926 

Deciduous and permanent premolars, 2-4, of Serridentinus productus, 

S. floridanus leidii, Trilophodon angustidens, all one-half natural size. 

After Frick, 1926, pp. 136, 137, figs. 13A to 17A. 
(Fig. 183A) Amer. Mus. 18113. Dpo-Dp; of the right ramus of re- 

ferred Serridentinus productus. 
(Fig. 14A) Amer. Mus. 21114. Referred Serridentinus productus. Dps, 

M1 of the right side. 

(Fig. 14C) Amer. Mus. 21121. Referred Serridentinus productus. Dps 
of the left side (reversed). 

(Fig. 15C, A) Amer. Mus. 21124B and 21112. Permanent inferior pre- 
molars, |.P3-4, of Serridentinus productus. 

(Fig. 16C) Nat. Mus. 3061. Referred Dp, of Trilophodon (Serridentinus) 
leidii | =Ocalientinus (Ser.) floridanus leidii). 

(Fig. 16A) Nat. Mus. 3057-3058. P3 of the right side referred to same 

species. 

(Fig. 17A) Referred Trilophodon angustidens, r.Dp»4. After cast Amer 

Mus. Warren Coll., Sansan, Miocene. 

External and internal views of deciduous and permanent mandibular 
premolars, all one-half natural size. After Frick, 1926, pp. 136, 137, 
figs. 13B to 17B. 

(Fig. 13B) Amer. Mus. 18113. Inferior deciduous premolars, r.Dp2- 

Dp, (compare Fig. 13A). 
(Fig. 14B). Amer. Mus. 21114. External view of r.Dps, r.M; (com- 

pare Fig. 14A). 

(Fig. 15B) Amer. Mus. 21112. External view of permanent 1.P3- 

Ps (compare Fig. 15A). 

(Fig. 16D) Nat. Mus. 3061. External view of referred Dp, of Tri- 

lophodon (Serridentinus) leidii Frick (compare Fig. 16C). [=Ocal. 

(Ser.) floridanus leidii.] 
(Fig. 16B) Nat. Mus. 3057-3058. External view of r.P3 (compare 

Fig. 16A). 
(Fig. 17B) Referred Trilophodon angustidens, r.Dp2-Dp;. Sansan, 

Miocene (compare Fig. 17A). 



4. GENERIC CHARACTERS OF PHIOMIA AND ITS DIVISION INTO THREE TO FOUR 

PROGRESSIVE SPECIES 

MASTODONTOIDEA Osborn, 1921 

1921 

1929 

SUPERFAMILY: 

FamMILy: BUNOMASTODONTID& Osborn, 

SuBFAMILY: AMEBELODONTIN® Barbour, 

Genus: PHIOMIA Andrews and Beadnell, 1902 

Original reference: Surv. Dept., Pub. Works Ministry, Cairo, 1902, pp. 1-5. 

Genotypic species: Phiomia serridens Andrews and Beadnell, 1902. 

GENERIC CHARACTERS.—(Matsumoto, 1924.1, p. 3): ‘““B.—Palate long and narrow. Symphysis 
long, its posterior end lying only a little anterior to, or posterior to the anterior end of the first cheek 
tooth (P;); the most conspicuous one of the anterior mental foramina lying far anterior to the first 
cheek tooth, as well as to the posterior end of the symphysis. Ridge formula: Dm}-34. Pi3~. M3335. 
Last premolars and all molars typically bunodont; trefoil Ca of cusps well developed 'P. winton, 
AME STAOTIOD ih as ceo Oe eile ee PRs ei avarh h- 0's 51a a ee a are ile _.Phiomia.”’ 

This is a continuation of Chapter IT, in which the original discovery and descriptions of the several species of 

Phiomia, the separation of this genus from Palzomastodon and Meritheriwm, the habits and ancestral and phylo- 

genetic relationships, the geologic succession, and the original type specimens and figures are fully recorded. 

As pointed out clearly in Chapter II, Section 111, the genus Phiomia, based on the genotype Phiomia serridens 

and since amplified by our present knowledge of the species Phiomia minor, P. wintont Andrews and P. osborni 

Matsumoto, represents a group of species entirely distinct from species of the Palezomastodon group. Remains of 

the several species of Phiomia are found abundantly in the Fluvio-marine beds, Lower Oligocene, of the Fayam, 

and are eleven times as numerous as specimens referable to Palzomastodon. Inasmuch as Andrews was misled by 

the paucity and the fragmentary nature of much of his material, his original (1902) and final (1906, pp. 169-171) 

definitions of the genus Phiomia and the genotype species Phiomia serridens became the cause of years of confusion 

both in Andrews’ own splendid memoir (1906) and in all subsequent publications by Andrews, Osborn, Schlosser, 

and others, until the matter was supposedly set right by Matsumoto (1922.1, 1924.1), as fully set forth in 

Chapter II above, on the “Origin and Classification of the Proboscidea.”’ 

Osborn, 1934: The four species of Phiomia described above (pp. 55, 58, 60, 64) and below (pp. 239-246) 

are all ‘shovel-tuskers’ and now prove to be directly ancestral to the true ‘shovel-tuskers’ of the subfamily 

Amebelodontine of North America (see Pls. v and vi, pp. 235-236). 

The above generic and phylogenetic characters are practically confirmed and amplified in the four species 

included within this genus and distinguished by measurement as follows: 

Phiomia osborni Phiomia minor 

Andrews, 1904, ef. ‘Phiomia’ 
wintont in part 

Length of lower molar series, 

M,-3, 145 mm.; of lower pre- 

molar-molar series, P3-Ms;, 201 

mm. 

Phiomia serridens 

Andrews and Beadnell, 

1902, ef. Phiomia (?) 

wintoni 

Known from type and para- 

type inferior and superior milk 

dentition: Diy, Dp*-Dp.2, Dp’- 
Dp;, Dp’, M?. 

Phiomia wintoni 

Andrews, 1905 = Syn. 

Paleomastodon barroisi 

Length of lower molar series, 

M,.3, 166 mm.; of lower pre- 

molar-molar series, P3-Ms, 

236e mm. Mz breadth-length 

index 53-59, average 55.5; M? 

breadth-length index 69-80, 

average 74. 
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Matsumoto, 1922 

Length of lower molar series, 

M,.3, 172 mm.; of lower pre- 

molar-molar series, P;-M3, 246 

mm. Central conules in Ma, 

Ms. 

sence etna a 
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PLATE V 

Tur ANCESTRAL ‘SHOVEL-TUSKER’ PHIOMIA OF THE OLIGOCENE OF EGypt EVOLVES INTO THE TYPICAL ‘SHOVEL- 

TUSKER’ AMEBELODON FRICKI OF THE MippLE PLIocENE OF NEBRASKA. ComPaARE PiaTe VI 

SpE ALso APPENDIX FOR COMPARATIVE OBSERVATIONS 

Mandibles A-E, one-sixth natural size; F1, one-eighteenth natural size; F, one-ninth natural size. Sections A-C, 

F2, F3, one-third natural size 

A, Juvenile mandible of Phiomia wintoni, Amer. Mus. 13470. Length of mandible 520 mm., length of tusks 140 mm. 

B, Adult mandible of Phiomia wintoni, Amer. Mus. 13471. Length of mandible 640 mm., length of tusks 180 mm. 

C, Type mandible of Phiomia osborni, Amer. Mus. 13468. Length of mandible 680 mm., length of tusks 250 mm., 

weight of tusks 125 grams or 4.4 ounces. Section C, 7 lamin of dentine (1-7), also central cavity as in P. wintont 

(A) and in A. fricki (F2, F3). 

D, Type mandible of Phiomia wintoni, Brit. Mus. M.8414. Length of mandible 670 mm., length of tusks 240e mm. 

E, Referred mandible of Phiomia wintoni, Brit. Mus. M.8476 (after Andrews, 1906, Pl. xtv, fig. 3). Length of tusks 

260e mm. 

F 1, Type mandible of Amebelodon fricki, Neb. Mus. 4-4-27. Length of mandible 1475 mm., length of tusks 1144 mm. 

Weight of tusks 10600 grams or 23 pounds, 6 ounces. 

F, Type left lower tusk of Amebelodon fricki, Neb. Mus. 44-27, after cast in the American Museum, with outline of 

same tusk, reversed. The mass of the Amebelodon fricki tusk is more than seventy times as great as the mass 

of the Phiomia osborni tusk (C). 

F2. F3. Type tusks of Amebelodon fricki, cross-section showing nine (1-9) lamine of dentine, also central cavity as 
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PLATE VI 

(Upper) Restoration of Phiomia osborni of the Oligocene of Egypt. One thirty-sixth natural size. By Margret Flinsch, 1932. 

Compare figure 17, page 45. 

(Lower) Restoration of Amebelodon fricki, ‘shovel-tusker’ from the Middle Pliocene of Nebraska. One thirty-sixth natural size. By 

Margret Flinsch, 1932. Compare figure 284, page 332. 
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Tuer 
Amer Mus. 13467 Ref, 

Priomia minor 
mult 

Amer Mus 13446 Ref 

A 

Vig. 178. Palates of the small (A) Phiomia minor and of the large (B) 

Phiomia wintoni reduced to the same dental scale, to illustrate differences 

of facial proportion in these two species: (1) The cranial proportions are the 
Same in the two species; (2) the facial region is relatively longer (dolichopie) 
in (B) Phiomia wintoni than in (A) Phiomia minor. 

A, Adult Phiomia minor ref. (Amer. Mus. 13448). 

size. Associated tusk (Amer. Mus. 13467). 

B, Adult Phiomia wintoni ref. (Amer. 
natural size. 

Five-thirtieths natural 

Mus. 13450). Four-thirtieths 
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PHYLOGENETIC CHARACTERS OF PHIOMIA.— 

Osborn, 1923: In Osborn’s phylogenetic system each 

genus includes a long series of geologically ascending 

species and ascending mutations in which certain generic 

characters are distinctively progressive. In a compari- 

son of the above four species, namely, Phiomia minor, 

P. serridens, P. wintoni, and P. osborni, we observe 

three such progressive generic characters: (1) Progres- 

sive dolichodonty, the grinding teeth becoming longer 

and narrower in proportion; (2) progressive bunomas- 

todonty, the central conules, destined to form trefoils, 

becoming more prominent; and (3) progressive doli- 

chopy, the facial region elongating more rapidly than 

the cranial, the latter character being indicated in a 

comparison of the jaws. The successive stages in generic 

evolution are all tending towards the typical ‘shovel- 

tusker’ Amebelodon fricki of the American Pliocene. 

PROGRESSIVE DoLicHoponty.—The detailed com- 

parative measurements by the author, assisted by Dr. 

Charles C. Mook, of twenty-four specimens referable 

to the three species of Phiomia in the British, Cairo, 

and American Museums more than confirm the state- 

ment of Matsumoto that the grinding teeth of Phiomia 

are relatively long and narrow as compared with those 

of Palzomastodon. These relative proportions reach 

the narrowest extreme in the largest and most progres- 

sive species Phiomia osborni, index 54, as shown in the accompanying table: 

TYPICAL AND AVERAGE MEASUREMENTS (IN 

MILLIMETERS) AND INDICES IN PHIOMIA M 1-M 3 

Lower Molars 
Phiomia osborni type (Amer. Mus. 13468) 

Phiomia wintoni averages 

Phiomia minor averages 

M,-M3;= 172 

| Mi-Ms= 166 

M,-M; = 145 

Upper Molars 
Phiomia oshorni (not known) 

Phiomia wintoni averages 

_ Phiomia minor (Amer. Mus. 13455) 
M'-M?= 162 
M'-M'=129e 

Progressive narrowing of M;, prophetic of Amebelodon fricki (Pl. v), is 

M1 M2 M3 P3-M3_ | 
ap: tr) te | "aps trae lecan sure ole 
41 26 63 | 63 35 56 | 71 38 54 | Ps-M:=246 | 
41 28 68 | 56 35 62 70 39 56 P;-M; = 236e 
34 23 68 | 47 30 64 | 55 35 63 | Ps-M;=201 

41 33 80 | 57 41 72 | 61 44 72 | P&M%=214 
33.5 27 81 | 46 37 80 | 50 37 74 | P*M%=185 | 

seen in a comparison of the indices 

of the lower molars, as given in the table above, also as follows: 

Phiomia osborni, type indices (Amer. Mus. 13468), Mi: 63 

Phiomia wintoni, ref. e 

Phiomia minor type 

(Amer. Mus. 13476), Mi: 67 M 

“i (Brit. Mus. 8479b), Mi: 66 9 Ma: 

Me: 56 Ms: 54 (relatively narrow) 

ay | Ms: 56 

o: 64 Ms: 60 (relatively broad) 
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According to these extremes the progressive narrowing affects the anterior molars, M,»2, as well as the pos- 

terior molar, M;. The narrow indices of all Phiomia teeth, however, are in wide contrast to the relatively broad 

indices in the corresponding teeth of Palzomastodon, as follows: 

Phiomia wintoni, average indices, Mi: 68 Me: 62 Ms: 56=narrower form; average 55.5. M® average 74. 

Palzomastodon beadnelli, type indices, Mi: 77 Me: 78 Ms: 68=broader form; average 69. M®* average 76. 

ProGREssIVE Bunomastoponty.—A bunoid conule arising (Fig. 185 A1) in the center of the valleys between 

the lophoid crests marks the beginning of the bunomastodont character so distinctive of all the longirostrines. 

It would appear that these central conules, destined to close up and fill the valleys entirely, arise progressively in 

the three species; at least they are much more clearly marked in the more progressive P. osborni than in P. wintont 

or P. minor. Consequently progressive bunomastodonty is a very distinctive generic as well as phyletic character 

of Phiomia; it tends to place these animals in the direct line of ancestry of Amebelodon frickz. 

ABUNDANCE OF Puotom1A Remarns.—In the Fluvio-marine formation, Lower Oligocene, Phiomia is as abun- 

dant as Palxomastodon is rare, the ratio being about eleven to one, since the greater portion of the specimens re- 

ferred by Andrews to various species of Palzomastodon really belong to various species of Phiomia. The relative 

abundance of the three species of Phiomia is indicated by the American Museum collections in which the numbers 

of important specimens run as follows: 

Most progressive, Phiomia osborni, 1 specimen, 8 miles west of Quarry A 

Intermediate in size, Phiomia wintoni, 27 specimens, Quarries A, B, and at large 

Intermediate in size, Phiomia serridens, 1 specimen [= P. (?) wintoni] 

Small form, Phiomia minor, 19 specimens, Quarries A, B, and at large 

It would be difficult to give the exact figures from the British and Cairo Museums, but from Andrews’ refer- 

ences to the species P. minor and P. wintoni, we deduce the following: 

Phiomia osborni: not recognized by Andrews 

Phiomia wintoni: very abundant, the prevailing species 

Phiomia minor: rare; 5 specimens in British and Cairo Museums 

SIMILAR SAVANNA Hasirat OF PHIOMIA AND TRILOPHODON.—The rarity of Palzomastodon is attributable to 

its belonging to the forest-living mastodonts; the abundance of Phiomia is attributable to its having a flood- 

plain habitat similar to that of Trilophodon and of other longirostrines which are by far the most abundant 

proboscideans throughout Oligocene, Miocene, and Lower Pliocene times. Our inference is that Phiomia avoided 

the close forests and lived in a flood-plain and low savanna country, partly open, partly forested, subject to flood- 

ing along the river borders. This theory is fully treated in Chapter II on the “Origin and Classification of the 

Proboscidea.”’ 

DISTINCTIONS BETWEEN THE THREE SPECIES 

Martsumoro’s Derinition.—(Matsumoto, 1924.1, p. 14) With slight verbal changes (Osborn’s terminology) 

Matsumoto’s definition of the three species in ascending order is as follows: 

(1) Posterior end of mandibular symphysis situated a little anterior to P;; in M,.s, tritolophid distinctly feebler 

than protolophid and metalophid; M, not very long and narrow, trilophodont, the posterior talon being not very 

prominent; length of lower molar series measuring 126 (Andrews’ type)—147 (Amer. Mus. 13471) mm.; that of 

lower premolar and molar series, 180 (Andrews’ type)—202 (Amer. Mus. 13471) mm.; that of upper molar series, 

125-130 mm. (Amer. Mus. 13455, 13448); that of upper premolar and molar series, 205-215 mm. (Amer. Mus. 

13455, 13448) [no median conules; lower grinders relatively broad].......................--- Phiomia minor. 

(2) Mandibular symphysis and lower molars similar to those of Phiomia minor except in size; length of lower 

molar series, 160 (Amer. Mus. 13474)—173 (Andrews) mm.; that of lower premolar and molar series, 225- 
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250 mm. (Amer. Mus. 13474, 13477); that of upper molar series, 145-170 mm. (Andrews); that of upper premolar 

and molar series, 255-284 mm. (Amer. Mus. 13474, 13477) [inferior median conules]............Phiomia wintoni. 

(3) Posterior end of mandibular symphysis situated a little posterior to the anterior end of P;; in M,. the 

third ridge almost as well developed as the first and second, the widest part of the tooth corresponding to the third 

ridge; M; exceedingly long and narrow, nearly tetralophodont, the tetartolophid corresponding to the prominently 

developed posterior talon; length of lower molar series, 177-180 mm.; that of lower premolar and molar series, 

250-255 mm. (type, Amer. Mus. 13468) [prominent median conules; lower grinders relatively narrow]. 

Phiomia minor Andrews, 1904 

For original description and type figure, see pp. 58, 59. Also Pl. v 

Fluvio-marine formation of the Fayim, Egypt = Upper Eocene of Andrews 
= Lower Oligocene of the present Memoir. 

This small and less abundant animal, inferior in size both to 

Phiomia serridens and P. wintoni and greatly inferior in size to 
P. osborni, was clearly defined by Andrews in his two descriptions 

as Palxomastodon minor, as shown in the systematic revision, 
Chapter II, above. Matsumoto confirmed this species by referring 

to it nineteen specimens in the American Museum collection, the 

Phiomia osborni. 

The detailed measurements of three mandibles are cited from 

Matsumoto in Chapter II, p. 59. 

Osborn, 1923: (1) Osborn reviews all the American Museum 

1907 collection and confirms all the references by Matsumoto, with 

the exception of the jaw (Amer. Mus. 13471) which he refers to 

Phiomia wintoni. (2) In the description in the present Memoir of 

the Fayfim collection, Osborn adds original drawings of Phiomia 

made under his direction also his own observations and comparative 

measurements of Phiomia minor, P. wintoni, and P. osborni. (3) 

Osborn differs from the final opinion of Andrews that Phiomia 

| MeASUREMENTS (IN MILLIMETERS) AND INDICES 

OF PHIOMIA MINOR IN THE BRITISH 

AND AMERICAN MUSEUMS P4 M1 M 2 M3 

PHIOMIA MINOR 

Lower Molars ap is I ap tr. I ap tr. I 

P. minor type, B.M. M.8479b 32 21 66 45 29 64 48 29 60 | 
P. wintoni ref., A.M. 13471, r.My-M3= 147 | 33 26 79 47 32 69 64 38 59 | 

P. wintoni ref., A.M. 13471, 1. Ps-M;=202 33 24 73 49 31 74 65 38 58 
P. minor ref., A.M. 13469, 1.M\-Ms= 79 33 21 64 46 30 65 

P.minor ref., A.M. 13469, r.Mi-Mo= 83 | 35 25 71 48 31 65 

P. minor ref., A.M. 13475,r.Mi-M2= ? 38 24 63 48 28 58 

P.minor ref., A.M. 13483, r.Mo-M3;=_ ? | 46 31 67 55 32 58 
Average meas. and indices 

6 of My, 8 of Ma, 4 of Ms 34.1 23.3 68 47.3 30.2 63+] 54.7 34.7 63+ 

Upper Molars 

P. minor ref., A.M. 13455, 1.M'-M’=129e 38.5 P si 43 35.5 83 46 38 83 

P. minor ref., A.M. 13448, 1.M!-M3=128 | 27 32, V1 29 33 114 48 37 77 53 40 75 

P. minor ref., A.M. 13448, r.M'-M#=127 | 28 27 97 28 37 132 47 38 81 53 41 77 
Average meas. and indices 

3 of M!, 3 of M?, 5 of M3 30.3 32.3 107 45.6 36.8 80 50 36.8 73+ 

dental measurements of seven of which are shown in the above 
table. 

Comparing the above measurements of the upper and lower 

molars with those on page 237, we observe that the average indices 

of the first two inferior molars, Mi, of P. minor are closely similar 

to the average indices of the same teeth in P. wintoni; in other 

words, the proportions of M; and M: in these two species are the 
same. In M; the case is different. This tooth is much broader 

in P. minor (index 60) than it is in P. wintoni (index 56), or in P. 

osborni (index 54). Consequently we are justified in the inference 

that the third lower molar is progressively narrowing (dolicho- 

donty) as we ascend from P. minor to P. wintoni, to P. osborni. 

serridens probably represents a juvenile individual of the same 

species as P. minor, and considers that P. serridens more probably 

belongs to P. wintoni. 

Phiomia serridens Andrews and Beadnell, 1902 

For original description and type figure, see pp. 55, 56 

Fluvio-marine formation of the Fayim, Egypt=Upper Eocene of 
Andrews = Lower Oligocene of the present Memoir. 

Osborn (1924) observes that the juvenile genotype jaw of 

Phiomia serridens Andrews and Beadnell belongs to a species prob- 
ably, but not certainly, identical with Palzomastodon (= Phiomia) 
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Phiomia wintoni 

A Amer. Mus. 13450 Ref. 

bs p p 
ne 

Phiomia minor 

B Amer. Mus. 13455 Ref. 

2/3 nat. size 
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Vig. 179. Superior dentition of the small (B) Phiomia minor and of the large (A) Phiomia wintoni, two-thirds natural size. 

A, Phiomia wintoni (Amer. Mus. 13450), referred by Matsumoto, 1922, p. 3, to Phiomia wintoni. 

B, Phiomia minor (Amer. Mus. 13455), referred by Matsumoto, 1922, p. 3, to Phiomia minor. 

Fig. 180. Second type figure of Phiomia serridens Andrews and Beadnell, 

1902. After Andrews, 1906, Pl. xvin, fig. 4: ‘‘Phiomia serridens Andrews 

& Beadnell; anterior portion of left ramus of mandible, side and (44) upper 

views: three-fourths nat. size. Same horizon [Fluvio-marine beds (Upper 

Eocene) =Lower Oligocene of present Memoir]. [Type specimen, C. 10007.] 

Page 170.” Geological Museum, Cairo. Compare similar juvenile incisive 
dentition of Platybelodon grangeri (Fig. 433). 

wintont Andrews, 1905, rather than to the smaller form Pale- 

omastodon (= Phiomia) minor Andrews, 1904. 

Historic Norres.—(Andrews, 1906, p. 169): “Known only 

from an imperfect mandibular ramus, in which the single spatulate 
incisor is serrated on its outer margin. It was originally suggested 
that this mandible might represent a very aberrant type of Creo- 

dont, but this determination is certainly wrong. Schlosser [Foot- 
note: ‘Neues Jahrb. f. Min. Geol. u. Palszeont. 1905, vol. i. pt. i. 

(Referate) p. 157.’| has suggested that the specimen in question is 

the anterior portion of the mandible of a very young Palzomastodon, 

a supposition which not impossibly may be correct, though since 

this is by no means certain it seems preferable to keep the genus 

Phiomia for the present and place it in its present position.” 

Matsumoto concludes that while the specific name P. serridens 

antedates both the specific names P. wintoni and P. minor, he 

finally (1924.1, pp. 14, 33) inclines to relate it to P. wintoni. 
Osborn, 1924: Osborn concludes that the type of Phiomia 

serridens probably belongs to the animal described by all authors 

as P. wintoni, but does not think it wise at present to regard P. 

wintoni as a synonym of P. serridens. 

JUVENILE MAXILLA A TOPOTYPE OF PHIOMIA SERRIDENS 

Speciric RESEMBLANCE TO P. wInToNI.—The accompanying 

figure of the type of Phiomza serridens combined with the juvenile 
maxilla (Amer. Mus. 13458) affords for the first time a more com- 

plete knowledge of the juvenile characters of P. serridens and proves 

that it may probably be regarded as belonging to the same animal 

as certain of the specimens referred to Phiomia wintoni in previous 

descriptions of Andrews and of Matsumoto. From measurements 

now assembled by Osborn this maxilla may for the present be 

named Phiomia wintoni (ef. serridens), at least until the synonymy 

of these two species is absolutely confirmed (see Fig. 181). 
Miik DENTITION OF PHIOMIA WINTONI (CF. SERRIDENS).— 

The right maxilla (Amer. Mus. 13458) figured below may be 

associated with the type jaw of Phiomia serridens for two reasons: 

(1) Because Dp? agrees exactly in size and relative measurements 

with the inferior tooth, Dps, in the P. serridens type; (2) the 

characters of the milk teeth and first molar, Dp?-M', are exactly 

what we should anticipate in an ancestor of Amebelodon; (3) the 

first superior molar, M!, still buried in the jaw, measures ap. 43 

mm., tr. 30 mm., index 70; (4) these proportions of M', namely, 

ap. 43 mm., tr. 30 mm., index 70, are extremely close to those of 

the average P. wintoni, namely, ap. 41 mm., tr. 33mm., index 80, and 
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greater by far than the largest specimen of P. minor (Amer. Mus. 

13455) in size and index, namely, ap. 33.5mm., tr. 27mm., 

index 81; (5) M! is relatively narrower in ten specimens of P. 

wintoni and relatively broader in eleven specimens of P. minor. 

Consequently we conclude that the juvenile maxilla (Amer. Mus. 

13458) certainly belongs to the same animal as that hitherto 

described as Phiomia wintoni; it probably belongs to the same 

specific stage as the type specimen of Phiomia serridens. 

4) 

Pniomia wintoni 
Amer. Mus. 13458 ref. ( 

Phiomia wintoni 
Amer. Mus. 13458 ref. ‘rev.) 

JUVENILE DENTITION OF PHIOMIA WINTONI (CF. SERRIDENS) 

Fig. 181. Fragment of maxilla referred to Phiomia wintoni (cf. 

serridens) Andrews. Drawing (reversed) from Amer. Mus. 13458. Two- 
thirds natural size. From Quarry B, Fayam, Egypt. Museum Expedition 
of 1907. 

A, Al, Maxilla, crown and lateral views of Dp, Dp’, Dp*, M’. 
B, Type lower jaw of Phiomia serridens Andrews and Beadnell. Orig- 

inal drawing after cast from Cairo Mus. C.10007, containing Dis, Dp», 

Dps; the Dps fits exactly into the Dp* of the maxilla. 

Juvenile maxilla (Fig. 181 A, Al): Dp? partly fractured; 
Dp* tetrabunodont with postero-internal cone; Dp‘ distinctly 

trilophodont, the protoloph and metaloph broad, the tritoloph 
narrow; M' measurements given above. Dp* agrees closely in size 

and fits precisely into Dps in the Phiomia serridens type, as shown in 

the accompanying illustration. 

241 

The literature, however, would become so badly confused if 

we should make P. wintoni a synonym of P. serridens, that it seems 

best to await the final determination of this question through the 

discovery of more complete material. 

Mik DENTITION OF PHIOMIA SERRIDENS Type.— (Cf. Andrews, 

1906, p. 170) Type jaw: Diy with straight inner border, convex 

outer border marked by about six crenulations, upper face concave, 

ventral face convex, longitudinal ridges, enamel confined to the end 

of the crown (enamel entirely wanting in I, of P. wintoni); diastema 

5 em. in length; Dp: small, laterally compressed, high, slightly 

bifid anterior cusp, small posterior cingular cusp; Dps subtrilophid, 

convex anterior lobe tricuspid, posterior lobe bicuspid, small 

posterior tubercle. 

Phiomia wintoni Andrews, 1905 

For original description and type figure, see pp. 60, 61. 
235-236 

Also Pl. v, pp. 

Fluvio-marine formation of the Fayim, Egypt = Upper Eocene of Andrews 

= Lower Oligocene of the present Memoir. 

Syn.: Phiomia wintoni (Andrews, 1905) may prove to be the same animal 

as Phiomia serridens (Andrews and Beadnell, 1902). 

This animal, Phiomia wintoni, is directly intermediate in size 

between P. minor and P. osborni. The detailed measurements of 

the teeth taken by Matsumoto and by Osborn demonstrate that 

these three species do not overlap each other; they probably rep- 

resent three stages of progressive evolution, but this is not yet 

demonstrated by the geologic records, because P. minor and P. 

wintoni oecur frequently in the same American Museum quarries 
(AandB). This may be explained by the theory that the quarry 

depositions represent long periods of time. This is fully discussed 

below. 

Speciric Evo.tution.—The relative frequency of the three 

species in quarries A and B may prove to have some bearing on 

the question whether Phiomia minor, P. wintoni, and P. osborni 

are (1) three contemporaneous species in different degrees of evolu- 

tion; or (2) extremes or variations of sexual difference; or (3) 

whether each of these quarries represents a very long period of 

geologic time during which these three specific stages evolved from 

each other. On the whole, the third supposition is the most 

probable one. 

CHARACTERS OF PHIOMIA WINTONI (Matsumoto, 1924.1, Pp. 

24-40).—(1) Matsumoto and Andrews consider that the type speci- 

men of Phiomia serridens belongs to a very juvenile individual 

probably of P. wintoni, or possibly of P. minor. (2) Detailed meas- 

urements are given of eight jaws of P. wintonz, four described by 

Andrews and four referred by Matsumoto, distinguishing the prob- 

able males from the probable females by a slight superiority in 

size. (3) Detailed measurements are given by Matsumoto of the 

teeth of eleven specimens, also distinguishing probable males from 

probable females by superior size. (4) Inferior tusks, e.g., Amer. 

Mus. 13462, measure 250 mm. in length, 44 mm. anteroposteriorly, 

21 mm. transversely; distinction is therefore made between the 

larger male and smaller female tusks. (5) The principal cranial 

measurements from four British Museum and four American Mu- 

seum specimens are given as follows: 
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Basioccipital length, condyles to premaxillaries: min.605mm., forty-six specimens referred to P. wintoni, in which it is again 

max. 700 mm. attempted to distinguish males and females. 

Length of palate: min. 350 mm., max. 430 mm. DenTAL Proportions IN PHIoMIA wINTONI.—The detailed 

Width across zygomata: min. 377 mm., max. 447 mm. dental measurements and proportions prove to be of great value, as 
Height of skull, basioccipital to sagittal crest: 220 mm. shown in the probable identification of Phiomia wintoni with P. 

Tusk, Tusk, 

Amer. Mus. 13467 Ref. \\\\\ Amer. Mus. 13467 Ref: 

Al A2 

Phiomia minor 
Skull, 

Amer. Mus. 13448 Ref. 

Phiomia minor + 
Skull, 

Amer. Mus. 13448 Ref. 

Phiomia wintoni 

Amer. Mus. 13470 Ref. 

\\ 
\\ 
NY ” All 1/4 nat. size 

Fig. 182. Referred aged skull of Phiomia minor and juvenile jaw of Phiomia wintoni. One-fourth natural size. 
Al, Palatal view of adult skull of Phiomia minor, Amer. Mus. 13448 (referred by Matsumoto, 1922, p. 3, to P. minor). Tusk inserted (Amer. Mus. 13467, ref.). 
A2, Superior view of same skull, Amer. Mus. 13448. 

B1, Referred jaw of P. wintoni, Amer. Mus. 13470 (referred by Matsumoto, 1922, p. 3, to P. wintoni), M3 not erupted. Observe central conules. 

(6) Superior tusks (Amer. Mus. 13466, 13463): Total length serridens above. The absolute measurements and dental indices 

220-250 mm.; anteroposterior diameter 50-44 mm.; transverse given in the table below, however, indicate that certain speci- 

diameter 31-28.5 mm. (7) Measurements of one to six of the mens properly referable to Phiomia osborni, e.g., Cairo Mus. C.8457, 

superior cheek teeth, longitudinally and transversely, are givenin may be included in the Phiomia wintoni column. 
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Urrer AND Lower P. wintont MoLars “MIM3 
PHIOMIA WINTONI 

Lower Molars 

. wintoni type, B.M. M.8414 | Me-M;=132 

. wintoni ref., Cairo Mus. C.8456 

. wintoni ref., Cairo Mus. C.8457 (= P. 

osborni ?) 

. wintoni ref., B.M. M.8384 

. wintoni ref., B.M. M.8853 

. wintoni ref., Amer. Mus. 13476 

Average meas. and indices 

10 of Mi, 14 of M2, 12 of Mz 

Upper Molars 

P. wintoni ref., B.M. M. 9450 

P. wintoni ref., Amer. Mus. 13451 

P. wintoni ref., Amer. Mus. 13457 

Average meas. and indices 

8 of M', 19 of M?, 22 of M’, 5 of M'-M® 

Mews Sd ty | My-Ms=166 
| 

| M'-M*= 158 

| M'-M$= 167 

|]. M!-M*= 156 

M'-M*=161.6, 
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eT 7 ae 
ap Hig IP ap. tr. I ap... tr: I. 

BB as et | “ya a 
BAY ag Ry | sr ea ar mo) at ee 

ga a5” de | eat Ga er ogee as eae 
41 28 68 | 56 33 59 | 69 40 58 
41 28 68 | 6 35 o | 78 41 56 
40 27 67 | 56 82 87 | 68 38° 56 

41.6 28 67 | 56.2 34.9 62 | 69.7 39 56 

} 

42 30 Ties? ~-39°- 88 [OB a — 67 | 
ane 3575 | 68. 45 wa) ee ean Gag 
37+ 34 92+] 56 «43 «77: | 50” 4576 

| | 
41 32.7 80 | 56.7 40.7 72 | 60.7 44.4 73 | 

A 

Phiomia minor 
Skull, Amer. Mus. 13448 Ref. 

Tusk, Amer. Mus. 13467 Ref. 

Fig 183. Referred aged skull 

of Phiomia minor and juvenile 

jaw of Phiomia wintoni. One- 
fourth natural size. 

Composition drawing: A, 
Phiomia minor skull (Amer. 
Mus. 13448), tusk (Amer. Mus. 

4 

@ 

¢ 

B 

Phiomia winton: 
Amer. Mus. 13470 Ref. 

All 1/4 net. size 

AVERAGE MEASUREMENTS AND INDICES OF PHIOMIA WINTONI 

ap. tr. ite 

Superior molars, M!', 41 32.7 80 M?, 
Inferior molars, Mh, 41.6 28 67 M2, 

The average measurements and indices of the upper and lower 
teeth of Phiomia wintoni as contrasted above demonstrate that 

the inferior molars (Mi.s=166 mm.) occupy longer and narrower 

Spaces than the superior molars (M'*= 161.6 mm.). 
& 

AMERICAN Museum Marerraus.—In connection with the 

13467); B, Phiomia wintoni jaw 

(Amer. Mus. 13470). 

ap. tr. Is ap. ir I. 

56.7 40.7 72 M3, 60.7 44.4 73 
56.2 34.9 62 Ms, 69.7 39 56 

twenty-seven specimens of Phiomia wintoni in the American 

Museum collection determined by Matsumoto, it is interesting to 

examine the quarry records. 
Quarry Recorps.—From Quarry B [which contains also ten 

species of Phiomia minor] are the following specimens of P. wintoni 
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ref.: Amer. Mus. Nos. 13474, 13476, 13477, 13484, 13494, 13494a, 

c, d, e, g, 18453, 13454, 13458 (P. wintoni cf. serridens), 13459, 

13479, 13488, 13489, 13491, 13527, 13527b, c, f, g, i, k, m; 
also superior and inferior tusks, Amer. Mus. Nos. 13462, 13463, 

13466c. Quarry A.Jalso containing remains of three specimens of 

Phiomia minor] yields the following numbers: Amer. Mus. 13494b, 

g, 13451, 13456, 13457, 13492, 13527a, h, j, n; also the tusks, Amer. 

Mus. 13466a. 

\ 

AnpREWs’ (1906) ERRONEOUS COMBINATION OF THE SKULL OF PHIOMIA 

WINTONI WITH THE MANDIBLE OF PALHOMASTODON BEADNELLI 

Fig. 184. Andrews’ restoration of Phiomia wintoni combined with jaw of 

Palzxomastodon beadnelli. After Andrews, 1906. This restoration conforms 

closely to what we now know to be the characters of the skull of Phiomia 

wintoni, although the restoration of the lower jaw (founded on Palzomastodon 

beadnelli) is relatively too long. 

First restoration (1906) of the “skull and mandible of Palzomastodon” 

published by Andrews, 1906, p. 131, text fig. 48, A, B. Andrews did not 

specifically designate the specimen on which his restoration was based, but 

it would appear to be a combination of four specimens, namely: (a) The 
type jaw of Palxomastodon beadnelli (op. cit., Pl. xv, fig. 1), (b) the symphysis 
and incisors of Phiomia wintoni (op. cit., Pl. xiv, fig. 3), (c) the skull of Phiomia 

uintoni (op. cit., Pl. x11) erroneously referred by Andrews to Palzomastodon 

beadnelli, (d) the anterior portion of a young skull (PI. xim). 

Osborn, 1923: Andrews’ restoration of 1906 is historically interesting as 
furnishing the basis of our misconceptions of Palwomastodon which, as the col- 

lections of the American Museum expeditions and the studies of Matsumoto 

and Osborn have shown, are confused with Phiomia wintoni, a typical 

Amebelodont (PI. v, pp. 235-236). 

Thus Quarry B yielded twenty-nine specimens of Phiomia 

wintoni and ten specimens of P. minor; Quarry A yielded eleven 

specimens of P. wintoni and three specimens of P. minor. 

PROBOSCIDIEA 

CRANIAL CHARACTERS OF PHIOMIA WINTONI 

(Andrews, letter, 1922): Referred skull of Phiomia wintoni. 

This skull is beautifully figured by Andrews (1906, Pls. xm, xm, 

and xIv, fig. 3) and described on the plates under an erroneous refer- 

ence to Palzeomastodon beadnelli (?). This reference was subsequently 

corrected by Andrews in his own handwriting: . . . “no doubt 

pl. xi, pl. xu, pl. x1v, fig. 3, are all P. wintont.”” This skull is 

referred to Phiomia wintoni by Matsumoto (1924.1) and by Osborn 

(present Memoir). 

Osborn, 1923: The skull of this species is also important as 

belonging to the commonest of all the species in the Fluvio-marine 
beds (= Lower Oligocene). The adult cranium (PI. x11), together 

with the anterior portion of a young skull (Pl. x1) and the type 

jaw, is obviously the basis of Andrews’ semidiagrammatic figure of 

the skull (op. cit., p. 131, text fig. 48) as here reproduced (Fig. 184). 

SpecIFIC CHARACTERS.—Osborn, 1923: (1) Osborn reviews 

and confirms Matsumoto’s observations on the fifty-five specimens 

in the American Museum 1907 collection referred to P. wintoni, 

adding one Jaw (Amer. Mus. 13471) which Matsumoto referred to 
P. minor; (2) he confirms Matsumoto’s observations, compares, 

describes, and figures the best specimens, clearly distinguishing the 

P. wintoni stage of evolution from that of P. minor and of P. 

osborni, (3) adds new drawings and tables of comparative measure- 

ments made under his direction with the new definition of Phiomia 

wintoni, and (4) gives additional evidence from the detailed evolu- 

tion of the P. wintoni grinding teeth that this species is directly 

ancestral to Phiomia osborni [and (1935) to Amebelodon fricki]. 

Phiomia osborni Matsumoto, 1922 

For original description and type figure, see pp. 64, 65. Also Pls. v and v1 

Fluvio-marine formation of the Fayim, Egypt =Upper Eocene of 

Andrews = Lower Oligocene of the present Memoir. 

This animal, represented by a single specimen dedicated to 

Osborn by Matsumoto, is larger and much more progressive than 

Phiomia winton: in the tritolophid of the first and second inferior 

molars, Mj», and in the tetartolophid of the third inferior molar, 

Ms. It is also more progressive in the development of the central 

conules (bunomastodonty) arising directly from the floor of the 

valleys and wearing into characteristic trefoil loops, as shown in the 

enlarged Ps, M, (Fig. 185 Al) taken from the type. 
Spectric CuaracTers.— (Matsumoto, 1922.1, 1924.1). The 

characters 1 to 11 specified by Matsumoto (1924, pp. 40-49) and 
cited in full in the systematic revision, Chapter II, pp. 64, 65, are 

all confirmed by Osborn. The reader is also referred to the con- 

densed definition of this species by Matsumoto in the present 

chapter, page 236. Osborn (1924) has little to add to the specific 

characters excepting to refer to the above measurements and 

dental indices printed in full in the present chapter, page 237, 

and to give in the table (p. 246) the comparative measurements and 

indices of Phiomia osborni, Serridentinus serridens, S. productus, 

and Trilophodon angustidens. 

ProGREssIVE DoticHoponty.—The average breadth index of 

Ms; in Phiomia osborni (=54) is reduced to 42.7 in Trilophodon 

angustidens; Serridentinus productus is intermediate. It will be 

observed that the index of Ms in S. productus (=60e) exceeds that 

of P. osborni (=56), whereas in 7. angustidens it is relatively 

broader, average 65.7. 
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Fig. 185. Second type figure of Phiomia osborni Matsumoto, Amer. Mus. 13468 (see Matsumoto, 1922, p. 4, fig. 3, for original type 

figure—Fig. 40 of the present Memoir). Observe central conules in P4-M3; for detailed structure of r.Ms, see figure 187B, p. 247, below. 

A, (Matsumoto, op. cit.,p.3): . . . “anearly complete mandible, bearing all the teeth in situ.’’ One-fourth natural size. Observe especially 
the superior view of the paired incisors showing abrasion areas apparently caused by prehensile pressure of the upper lip against these teeth. 
This specimen, first confused with Palzomastodon wintoni, was selected by Matsumoto (1922) as the type of the more progressive species 

Phiomia osborni. A1, Dentition, P3-M3, two-thirds natural size, of P. osborni. Same type figure as A. 

PHIOMIA MINOR PHIOMIA SERRIDENS PHIOMIA WINTONI PHIOMIA OSBORNI PHIOMIA PYGMAEUS 

950MM. 3’1ve"e 1030 MM., 3’4ve"e 1200MM., 3‘llva"e 1345mm.,4’/5"e 1700mm.,5'7"e 
FAYOM N.AFRICA  FAYOM N.AFRICA FAYOM N.AFRICA FAYOM N.AFRICA ALGERIA 

Fig. 185a. Restorations of the five species of Phiomia in ascending geologic order, one-hundredth natural size, by Margret Flinsch, under 

the direction of Henry Fairfield Osborn. 

245 
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PHIoMiaA, SERRIDENTINUS, AND TRILOPHODON 

| CoMPARATIVE M®&ASUREMENTS (IN MILLIMETERS) 

AND Inpices oF LowER Mounars P, = M, Me M; 

 -— nl Mio, tins IL BOs i I ap. tr. I. joy ne, | Tl, 

| P. osborni type, A.M. 13468 1.M,-M;= 172 42 27 64 41 26 63 63 35 56 71 38 54 

| 1. Ps-M;=246 
S. serridens ref., A. M. 10673 P.-M2= 290 57 43 75 92 62 67 139 69 50 

S. productus ref., A. M. 10582 124e 75 60e | 163 76 47 
| T. angustidens ref., Simorre 84 55 66 131.5 59 465 

T. angustidens ref., Simorre 89 58 65 145 59 41 

| TT. angustidens ref., Simorre 93 63.3 68 160 68 43 
| T. angustidens ref., Tournan 94 60 64 160.4 68 42 

T. angustidens ref., Sansan 152 70 46 

T. angustidens ref., Sansan 181 78 «43 

| Mounted skeleton 105 176 68 39 

The above comparative measurements and indices of the 

third inferior molar in Phiomia osborni (Lower Oligocene), 

in Serridentinus productus (Lower Pliocene of Texas), in Tri- 

lophodon angustidens from the type locality of Simorre and 

from the somewhat older Sansan beds, demonstrate the propor- 

tional relations of P. osborni to the extremely long-jawed or hyper- 

longirostral 7. angustidens; also progressive narrowing of M3. 

Condensing the dental indices of these three species in ascend- 

ing geologic order, we observe the following: 

Trilophodon angustidens, proportions of M2 

Serridentinus productus Me 

Phiomia osborni Me 

DENTAL ADAPTATION.—The two new figures of the type Jaw 

of Phiomia osborni prepared for this Memoir (Figs. 90, 185) 

illustrate very clearly the adaptation of the pair of closely applied 

procumbent incisors and of the five parallel grinding teeth, also of 

5. TRANSITION FROM PHIOMIA OSBORNI TO 

Phiomia pygmezus Depéret, 1897 

Figures 186, 187 

Cartennien de Kabylie, Algeria, near Isserville. Upper (?) Oligocene. 

Mastodon angustidens Cuy. mut. ase. pygmeus Depéret, 1897. 

“Découverte du Mastodon angustidens dans |’Btage Cartennien 

de Kabylie,” Bull. Soc. géol. de France, (3), XXV, pp. 518-521. 

Typr.—Third inferior molar, M3; (cast Amer. Mus. 17728). 

Horizon AND Locaurry.—Near Isserville (Kabylie), Algeria. 

Etage Cartennien. Type Ficure.— Op. cit., Pl. xx, 
figs. 1, 2, 3. . 

Type Description.—‘ La molaire en question (pl. xrx) n’est 

pas entiére; elle est brisée en avant, et de ce coté il manque une 

rangée de mamelons; de sorte que la couronne compte seulement 

trois collines, plus un talon bien prononcé. L’étroitesse générale 

de la couronne et la forme du talon étroit, triangulaire et pourvu 
seulement.de deux tubercules, indiquent qu’il s’agit d’une molaire 
inférieure et fort probablement d’une derniére ou sixiéme molaire, 

the greatly elongated symphysis in contrast to the shorter 

structure of the jaw in Palxomastodon beadnelli. First we observe 

the abrasion areas on the upper surface of the incisors which demon- 

strate that the upper lip pressed against these teeth in the prehen- 

sion of food, wearing off the outer surface of the dentine, because 

the enamel does not persist on these teeth. At the extremity of the 
right incisor, r. Iz, is a worn groove which demonstrates that these 

teeth were used like a trowel in uprooting plants. To accommodate 

these greatly enlarged spatulate incisors, which functioned like a 

ap. tr. Ie ap. tr. I. 

94 60 64 M3; 160.4 68 42 
124e 75 60e M; 163 76 47 

63 35 56 M; fil 38 54 

broad shovel,! the symphysis is increasingly elongated backwards 
until it reaches the space between r.P; and 1.P3, whereas in P. 

beadnelli, an animal of the same size, the symphysis does not 

extend far backwards. 

PHIOMIA PYGMAUS (COMPARE PAGES 276, 277) 

en raison de la grandeur du talon. Chacune des trois collines se 

compose de deux gros mamelons principaux, arrondis, coniques, 

assez étroitement accolés l’un 4 l’autre, mais qui ont une tendance 

ase dédoubler en dedans sous forme d’un mamelon accessoire moins 

élevé que le mamelon principal. Les vallées qui séparent les 

diverses collines sont remplies d’une épaisse masse de cément du 

sein duquel on voit émerger 4 peine les mamelons d’émail, qui, en 

raison de la jeunesse du sujet, n’étaient pas encore entamés par la 

détrition [op. cit., p. 519].” 

COMPARISON WITH PALASOMASTODON AND PHIOMIA 

Osborn, greatly profiting by the rich Fayam collection in the 
American Museum, makes a very close comparison of Depéret’s 

type of ‘Mastodon’ angustidens pygmxus with the corresponding 

third lower molar of Phiomia osborni type (Amer. Mus. 13468) 

and a characteristic third lower grinder referred to Palzomastodon 

beadnelli (Amer. Mus. 13481), as very carefully illustrated in figure 
187 A, B, C. 

' This passage was written by Osborn two years before the discovery by Barbour of the Nebraska ‘shovel-tusker’ Amebelodon fricki, which proves to be a 
direct successor to Phiomia osborni. See Plates v and v1, also Appendix at the close of the present Volume for the revised Amebelodontine. 
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The type of Phiomia pygmzus (original type figure 186, new 

type figure 187 A—A4) appears to resemble quite closely the type of 

Phiomia osborni and to differ widely from the type and referred spec- 

imens of Palxomastodon beadnelli. Consequently Osborn removes 

this species from the genus Mastodon and from the subfamily 
Mastodontine and places it in an intermediate position between 

Phiomia osborni and Trilophodon angustidens.' It may be observed 

that in P. pygmzxus, as in P. osborni: (1) The summits of the cones 

are closely compressed towards the central apices of the respective 
lophs; (2) the summits of the cones are sharply divided into ‘cone- 

lets,’ a pair on either cone, (3) in contrast with Palzomastodon 

beadnelli in which the summits of the cones are widely separated; 

Tyre OF PHIOMIA PYGM&US 

Fig. 186. Type of Mastodon angustidens Cuv. mut. asc. pygmxus 

Depéret, 1897, two-thirds natural size. (Depéret, 1897, Pl. xrx, figs. 

1-3, p. 521): ‘“‘Derniére molaire inférieure (brisée en avant) de Mastodon 

angustidens Cuy. mut. asc. pygmzus Dep. du Cartennien de Kabylie; 

vue par dessus (1) et par les c6tés interne (2) et externe (3).—Grandeur 

naturelle.’’ Compare figure 187A (Phiomia pygmexus). Cast Amer. Mus. 

17728. 

(4) the type of P. pygmeus also has the elongate, narrow propor- 

tions of P. osborni and of Trilophodon angustidens, rather than the 
broader proportions of the grinder in Palzomastodon and Mastodon; 
(5) the beginning of the tetartolophid is indicated in two cones 

in P. pygmexus and P. osborni, demonstrating a progression towards 

the well-developed tetartolophid of 7’. angustidens. 

Osborn, 1925: Conclusion.' From the above observations and 

figures, we conclude that Phiomia pygmezus is an ascending muta- 

tion beyond the stage of P. osborni in the direction of the much more 

highly developed stage of Trilophodon angustidens, in which the 

third inferior molars possess not only a complete tetartolophid but 

a rudiment of a pentalophid. 
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A2 ; A4 

' 
' Phiomio pygmaeus 
‘ Amer. Mus 17728 Type 

‘ 2/3 nat. size 

Phiomia pygmzeus 
Amer. Mus. 17728 Type 

Phiomia osborni 
Amer. Mus. 13468 Type 

Paiwomastodon beadnelli 
Amer. Mus, 13481 ref. 2/3 nat. size 

Fig. 187. Comparison of (B) Phiomia osborni, (A-A4) type of Phiomia 

pygmexus, and (C) Palzomastodon beadnelli third inferior molars, r.M3, all 

to the same scale, two-thirds natural size; compare Pl. 1 A, pp. 134-135. 

A, A1-A4, original new drawings of Depéret’s type of Mastodon angusti- 

dens Cuv. mut. ase. pygmexus, 1897 [=Phiomia pygmzxus of the present 

Memoir], after cast of type (Amer. Mus. 17728). (A) crown, (A1) external, 

(A2) internal, (A3) anterior, and (A4) posterior views. In all four aspects 

this type is seen to closely resemble (B), the type of Phiomia osborni. 

Compare figure 186, original type figure of M. angustidens mut. asc. pyg- 

mzxus Depéret. 

B, Phiomia osborni type third inferior molar of the right side, r.Ms, 

crown view. Compare in detail the central conules and conelets of P. 
osborni with those of P. pygmzxus; observe (B) fourteen conelets in pairs. 

C, Palzomastodon beadnelli referred third inferior molar, r.M3 (Amer. 

Mus. 13481). ; 

'The known species of Phiomia are regarded by Osborn (1935) as ancestral to the Amebelodontine, not to the Longirostrine as formerly supposed. 
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Lower Jaws AND Comparative CrANIA OF THE HyPERLONGIROSTRAL TRILOPHODONTS, ALSO OF THE AMEBELODONTS 

Fig. 188. Inferior maxillaries in the typical hyperlongirostral Trilophodon, all to the same one-sixteenth scale. 

Observe the excessively slender mandibular rami of Trilophodon hicksi,* T.lulli, T. paladentatus,* T. abeli, T. osborni, T’. progressus,** T'. willistont 

(Guy.); the robust, decurved mandibles and laterally flattened incisive tusks of Trilophodon dinotherioides, T. giganteus, T. ligoniferus. 

(Right lower). Comparison of erania, one-fortieth natural size, of T'rilophodon lulli, T. giganteus, T. angustidens (Paris Museum), 7’. osborni, and 

T. willistoni (Neb. Mus.), especially to illustrate the downward shifting of the enamel band from (1) the lateral posterior position (7. angustidens, T. oshorni, 

T.. willistoni) \o (2) the inferior position along the lower border of the tusk (7. giganteus). 

*(1933) =A mebelodon (Trilophodon) hicksi, A. (T.) paladentatus. 

**(1933) Referred to Serridentinus progressus. 



6. HISTORY AND CHARACTERS OF THE GENUS TRILOPHODON FALCONER 

SuPERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILY: BUNOMASTODONTID& Osborn, 1921 

SuBFAMILY: LonaGrrostRInz Osborn, 1918 

Genus: TRILOPHODON Falconer, 1846, 1857 

Original reference: ‘‘Fauna Antiqua Sivalensis,” 1846, Falconer and Cautley (section name, p. 54); also Quart. Journ. Geol. Soc. 

London, 1857, XIII, pp. 313, 319 (subgenus). 

Syn.: Tetrabelodon Cope, 1884; compare Megabelodon Barbour, 1914 and 1917, Genomastodon Barbour, 1917, and Choerolophedon 

Schlesinger, 1917. 

GENERIC CHARACTERS.— Falconer (1857, p. 316) distinguished T’rilophodon as follows: “Subgenus 
1. Trilophodon.—Dentium molarium 3, utrinque intermediorum coronis colliculis 3.” 

Osborn (1926) observes the following generic characters: Conules in the center of the valleys be- 
tween the crests (see Figs. 190, 191, 194, 195, 196) asin Phiomia; single trefoils arising in the center of the 
valleys; two grinders in use in middle age; distinct in these three characters from Serridentinus. Persist- 
ent ridge-crest formula P 4-M 2=$M 3=;422,. Central inferior and superior trefoils progressively 
double. 

DEFINITION BY FALCONER, 1846—1857.—The genus Trilophodon, originally proposed by Falconer (1846) as a 

section name (see Chapter I, “2. Revision and Adoption of Generic Names of Proboscidea’’) and confined by 

subsequent usage to the genotypic species Trilophodon angustidens typical of the Middle Miocene of Simorre, 

France, proves to be in a high degree collective, like the collective genera of Linnzeus, because it embraces even with- 

in the present Memoir a great range of species extending throughout Miocene time in Europe and a large part of 

the Miocene, and well into the Pliocene, in America. 

HyperLoNGIRostRINE Puytum.—It has taken many years to establish the fact that a single generic phylum 

arose from an unknown ancestor in North Africa and gave rise to the series of long-jawed species in Europe, 

Asia, and North America, separated from other phyla by constant increment in the following distinctive characters, 

namely, the long, narrow teeth and the excessively long lower jaw. Typified by Trilophodon angustidens of 

Simorre. Jaws progressively elongating to an extreme; conules arising in the center of the molar valleys to form 

trefoils; third molars, M*-M;, progressively narrowing and elongating, but never exceeding 4 to 4) to 5+ ridges; 

first and second molars, M'*M,.», shed relatively early, posterior grinders only, M*-Ms, functional in extreme old 

age. 

DEFINITION BY OsBoRN (1935).—Inferior incisors scaptobelodont, rodlike (Trilophodon angustidens, T. 

osborni, T. abeli, T. fricki), more or less elongate or laterally compressed (7'. dinotherioides, T. giganteus); some- 

times tuskless (7. phippsi, T. gaillardi, T. lulli); subeylindrical (‘prod-tuskers’); not spatulate or expanded as in 

the ‘shovel-tuskers’ (Amebelodon, Platybelodon, Serbelodon). 

DISCOVERY OF THE GENERIC PHYLUM TRILOPHODON AND ITS BRANCHES 

(April, 1935) Our most recent knowledge of the branching (phylogeny) and geologic order of succession will be found in the Appendix 
of the present Volume I. 

The first member of this phylum to be discovered was the Middle Miocene Mastodon |Trilophodon| angustidens 

Cuvier described in 1817; since then thirty-five species have been described from Africa, India, Japan, Europe, 

and the United States, exhibiting essentially the same generic characters. This generic hyperlongirostrine 

phylum arose independently of Phiomia in the Fayim Oligocene, North Africa; it passed through the Lower 

and Middle Miocene Trilophodon angustidens stages of Europe and Asia into the extremely long-jawed American 

types of the Upper Miocene and the Pliocene of Dakota, Nebraska, Colorado, and New Mexico, to which different 

generic names have been assigned, such as Megabelodon Barbour, 1914, 1917, and Genomastodon Barbour, 1917. 
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KNOWN SPECIES WHICH EXHIBIT THE SAME TENDENCIES OF EVOLUTION AS THE GENOTYPIC SPECIES 

TRILOPHODON ANGUSTIDENS. ALSO STAGES OF AMEBELODON 

Puy.etic Cuaracrers.—The following species are arranged first in chronologic order, then at the close of the 

approximately in descending phylogenetic order, the most progressive forms present chapter the American species ) 

A full list of species which exhibit the same tendencies of _ being at the top, the most primitive at the bottom. 

evolution as Trilophodon angustidens cannot at present be made out, because certain specific types are very incom- 

plete or immature; consequently we may include in the following list those which are certainly related to T. angus- 

tidens, indicating with an interrogation mark (?) or square brackets [ | those which are not fully known, also those 

which are not positively embraced within this phylum. See final polyphyly of Trilophodon in Appendix of the 

present Volume I. . | 

80: 
~~ 

g:: LONGIROSTRINAE: TRILOPHODONTS—~AMEBELODONTS 

Fig. 189. Geographic distribution of species of Trilophodon and Amebelodon. The white dots within the black areas represent the approximate 
localities where the types of these forty-two! species were discovered. See figure 24 for map showing the type localities in the Fayim of Egypt of the 

various species of Phiomia, with the exception of Phiomia pygmexus (No. 9 of this map). No. 43 =Trilophodon pontileviensis, a duplication (see No. 19). The 

white crosses represent referred specimens mentioned in the present Memoir. 

CHRONOLOGIC ORDER OF DISCOVERY AND PRELIMINARY DESCRIPTION: LONGIROSTRINA 
AND AMEBELODONTINA® 

See Figure 189 
OritcinaL NAME Speciric REFERENCE IN PRESENT MEMOIR 

1. 1806 Simorre, France Mastodonte a dents étroites Cuvier =Trilophodon angustidens 
2. 1806 Saxony Petit mastodonte Cuvier =Trilophodon angustidens minutus 
1. 1814 Simorre, France Mastotherium leptodon Fischer 

de Waldheim =Trilophodon angustidens 
ta. 1814 France and Europe Mastodon Senodon Rafinesque =(?)Trilophodon angustidens 
1. 1817 Simorre, France Mastodon angustidens Cuvier =Trilophodon angustidens 
2. 1818 Saxony Mastodon minor Cuvier (in Desmarest) = Trilophodon angustidens minutus 
2. 1824 Saxony Mastodon minutus Cuvier =Trilophodon angustidens minutus 
1. 1836 Simorre, France M. angustidens minus Lartet =Trilophodon angustidens minutus 
3. 1848 Gers and]Orléanais, France Mastodon Cuvieri Pomel =Trilophodon angustidens cuviert 
1. 1851 Simorre, France Mastodon Simorrense Lartet = Trilophodon angustidens 
4, 1851 Lombez, France Mastodon Gaujaci Lartet =Trilophodon angustidens gaujaci 
5. 1856 Pikermi, Greece Mastodon pentelicus Gaudry and Lartet = T'rilophodon (Choerolophodon) pentelicus 
6. 1857 Larkana District, Sind, India M. (Triloph.) Pandionis Falconer =Trilophodon pandionis [cf. T. palzindicus) 
7. 1869 Near Greensburgh, Caroline 

County, Maryland Mastodon obscurus Leidy = Trilophodon obscurus : 

8. 1884 Kamlial, Salt Range, No. Mastodon (Trilophodon) angustidens Cuy. ' 
Punjab, India var. palxindicus Lydekker =Trilophodon palxindicus [ef. T. pandionis] | 

} ‘Actually forty-one, as Mastodon angustidens Cuv. mut. asc. pygmxus Depéret (No. 9) equals Phiomia pygmzus, and Torynobelodon loomisi (No. 35) proves to 

be a member of the subfamily Platybelodonting (see p. 338 below); therefore both appear erroneously on the above map. There should also be included — 
Anancus |=Trilophodon| brazosius Hay, 19238, redetermined by Osborn too late to receive a number and to be inserted on the map. For description and 

figure, see Chapter IX, page 374, also map (I'ig. 807). The Memoir on the ‘Fossil Proboscidea from China,” by Arthur Tindell Hopwood, was not received | 

in time for insertion in this list of his new species Trilophodon connerus, T. wimani, and T. spectabilis. These will be reviewed in the Appendix of the 

present Volume I. 
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9. 1897 

1908 
10. 1909 

1912 
uu. 1913 

12. 1913 
13. 1913 

14. 1914 
15. 1914 
16. 1915 
17. 1916 
18. 1918 

19. 1918 

20, 1921 

a1, 1922. 
22. 1922 
93. 1922 
24. 1922 

25. 1922 
26. 1923 

(1923 
1923 

1925 
. (1925 

98. 1925 
29. 1926 

30. 1927 

31, 1928 

32. 1928 
33. 1928 
34. 1929 

(1929 
35. 1929 

36. 1930 

[1930 
: (1930 

(1930 
a. 1932 
$8. «1933 
39. 1933 
40. 1933 
41. 1933 
a [1933 

1933 42 

THE LONGIROSTRINA: TRILOPHODON, AMEBELODON 

Kabylie, Algeria 

Gaj of Kumbhi, Sind, India 
Northwestern Kansas 
Gaj of Kumbhi, Sind, India 
Lower Chinji, India 

Upper(?) Chinji, India 
Oppeln, Germany 

Devil’s Gulch, Nebraska 
Snake River, Cherry Co., Neb. 
Black Hills, So. Dakota 
Bristow, Boyd Co., Nebraska 
Moghara, No. Egypt 

Faluns Helvétiens du Blésois, 
France 

Eastview, near Dallas, So. 
Dakota 

Wray, Yuma Co., Colorado 
Wray, Yuma Co., Colorado 
Engelswies, Germany 
Esselborn and Westhofen, 
Germany 

Steinheim, Germany 
Pierce, Florida 
Driftwood Creek, Nebraska 
San Felipe, Texas 

Devil’s Gulch, Nebraska 
Banjobora, Japan 
Kitayama, Japan 
Santa Fé marls, New Mexico 

Frontier Co., near Freedom, 
Nebraska 

Turgai region, Central Asia 

Moffat County, Colorado 
Ainsworth, Nebraska 
Villefranche d’Astarac, France 
Tairum Nor Basin, Mongolia 
Harlan County, Nebraska 

Frontier County, near Free- 
dom, Nebraska 

Marl beds of North Carolina 
Snake Creek, Nebraska 
Frederick, Oklahoma 

Dera Bugti, Baluchistan 

Santa Cruz, New Mexico 
Battleship Mt., New Mexico 
Santa Cruz, New Mexico 

Ainsworth, Nebraska 

Mohave Desert, Calif. 

Hasnot, India 

‘See footnote on page 250. 
*Now removed to the serridentine subfamily Platybelodontinw (Chap. X). 

: 
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ORIGINAL NAME 

Mastodon angustidens Cuy. mut. asc. 
pygmzeus Depéret 

Tetrabelodon crepusculi Pilgrim 
Tetrabelodon dinotherioides Andrews 
Hemimastodon crepusculi Pilgrim 
Tetrabelodon angustidens var. chinjiensis 

Pilgrim 

Tetrabelodon macrognathus Pilgrim 
Mastodon angustidens var. austro- 

germanica Wegner 
Tetrabelodon willistoni Barbour =Trilophodon (Genomastodon) willistoni 
Tetrabelodon lulli Barbour =Trilophodon (Megabelodon) lulli 
Mastodon ligoniferus Cope and Matthew = T'rilophodon ligoniferus 
Tetrabelodon osborni Barbour =Trilophodon (Genomastodon) osborni 
Mastodon angustidens Cuvier var. libyca 

Fourtau 
[M. angustidens] mut. Pontileviensis 

Mayet (in Fourtau). Name only 

Spreciric REFERENCE IN PRESENT MEMOIR 

= Phiomia pygmzxus' 
|[Hemimastodon crepusculi =Su1na} 

= Trilophodon dinotherioides 
|Hemimastodon crepusculi =Surna| 

= Trilophodon chinjiensis 
= Trilophodon macrognathus 
=Trilophodon angustidens var. austro- 

germanicus 

=Trilophodon angustidens var. libycus 

=Trilophodon pontileviensis Mayet-Fourtau 
1918 

Trilophodon giganteus Osborn 
= Trilophodon giganteus 
=Amebelodon (Trilophodon) hicks: 
= Amebelodon (Trilophodon) paladentatus 

=Trilophodon engelswiesensis 

Trilophodon hicksi Cook 
Trilophodon paladentatus Cook 
Mastodon engelswiesensis Kliihn 

= Trilophodon esselbornensis 
= Trilophodon steinheimensis 
= Trilophodon simplicidens 

=Serridentinus progressus—see Chap. X]} 
=Trilophodon (?Tetralophodon) brazosius (see 

Chap. LX)! 
= Trilophodon abeli 
= Serridentinus annectens—see Chap. X] 
= Trilophodon sendaicus 

Mastodon esselbornensis Wlihn 
Mastodon steinheimensis Klihn 
Serridentinus simplicidens Osborn 
Trilophodon progressus Osborn 
Anancus brazosius Hay 

Tetrabelodon abeli Barbour 
Hemimastodon annectens Matsumoto 
(?)Trilophodon sendaicus Matsumoto 
Trilophodon (Serridentinus) pojoaquensis 

Frick =Trilophodon pojoaquensis 

Amebelodon fricki Barbour =Amebelodon fricki 
Trilophodon (Serridentinus?) inopinatus 

Borissiak and Beliaeva 
Serridentinus fricki Peterson 
Trilophodon phippsi Cook 
Trilophodon angustidens gaillardi Osborn 
Amebelodon grangeri Osborn 
Torynobelodon loomisi Barbour 

= Trilophodon inopinatus 
=Trilophodon fricki 
=Trilophodon phippsi 
= Trilophodon angustidens gaillardi 
= Platybelodon granger?*| 
= Amebelodon (Torynobelodon) loomisi 

(=fricki)! 

Amebelodon sinclairi Barbour =Amebelodon sinclairi 
Gomphotherium? emmonsi Hay =Ocalientinus emmonsi——see Chap. X] 
Gomphotherium serpentirivale Hay = Nomen nudum] 
Gomphotherium priestleyi Hay and Cook =Stegomastodon priestleyi—see Chap. XIII] 

Trilophodon coopert Osborn =Trilophodon cooperi 

Trilophodon cruziensis Frick =Trilophodon cruziensis 

Tatabelodon riograndensis Frick = Trilophodon (Tatabelodon) riograndensis 
(?) Amebelodon joraki Frick = Trilophodon joraki 

Tatabelodon gregorii Frick =Trilophodon (Tatabelodon) gregorii 

Trilophodon barstonis Frick = Serridentinus barstonis—see Chap. X] 
Trilophodon hasnotensis sp. nov. =Trilophodon hasnotensis 



7. TYPICAL TRILOPHODON ANGUSTIDENS OF CUVIER INCLUDING EUROPEAN AND 

AFRICAN STAGES. SEPARATION FROM SERRIDENTINUS 

The restriction by Osborn of the genus Trilophodon to a series of animals leading into the typical Middle 

Miocene species Trilophodon angustidens and into a series of ascending mutations and species migrating eastward 

into Asia and North America, is a very essential step in the phylogeny of the Proboscidea, because each palzon- 

tologic genus comprises only a single line of ascent and descent, other lines and side-lines leading into other genera with 

different generic tendencies. This classic species, the second mastodont to be described, was named ‘“‘angustidens”’ 

by Cuvier, because the type molar (Figs. 190, 299) is decidedly narrower (i.e., a dents étroites) than the correspond- 

ing tooth of Mastodon americanus. 

Cuvier’s type and referred molars are further described in the Appendix (pp. 340, 341) of the present chapter; 

also (p. 283) the Lower Miocene stage Trilophodon pontileviensis of the Orléanais of France is described in com- 

parison with 7’. cooperi of the Bugti Hills, Baluchistan. 

Trilophodon angustidens Cuvier, 1806, 1817 

Figures 78, 190, 299 

Type: Middle Miocene, Simorre, France. Referred: Sansan, Tournan. 
Syn.: Mast:donte a dents étroites Cuvier, 1806; Petit Mastodonte Cuvier, 

1806; Mastotherium leptodon Fischer de Waldheim, 1814; Mastodon Senodon 

Rafinesque, 1814; Mastodon minor Cuvier (in Desmarest, 1818); M. minutus 
Cuvier, 1824; M. cuviert Pomel, 1848; M. simorrense Lartet, 1851; M. gaujaci 

Lartet, 1851. Compare M. angustidens pontileviensis Mayet (in Fourtau, 
1918, Osborn, 1932-1933), p. 283. 

Mastodonte a dents étroites Cuvier, 1806. “Sur Différentes 

Dents du Genre des Mastodontes.’’ Ann. Mus. d’Hist. Nat. 

Paris, VII], pp. 405, 412. 

Mastodon angustidens Cuvier, 1817. 

p. 233. 

This classic type species of the Middle Miocene of Simorre, 

France, is at present in a high degree collective inasmuch as now 

labeled in the European museums it embraces all the Miocene 

stages in Europe, from the Sables de l’Orléanais upwards, and 

includes probably two distinct phyla, namely, the true hyper- 

longirostral Trilophodon angustidens phylum and a medilongirostral 

phylum recently distinguished by Osborn and named _ Serri- 

dentinus; consequently the numerous specimens in all the mu- 

seums of western Europe require monographic revision in which 

the dental indices may be carefully measured and estimated and 

these two ‘collective genera’ and the ‘collective species’ separated. 

Typr.—Probably a second inferior molar of the right side, 

r. Mz, cast in Mantell Coll. in British Museum, also cast Amer, Mus. 

21921. This type belongs in the Muséum d'Histoire Naturelle, 

Paris, but could not be located for the writer during his visit of 

1921. Horizon and Locautiry.—Middle Miocene, 

Simorre, France. Tyrer Figure.—Cuvier, 1806.3, Pl. 66 (1), 

fig. 4. New type figure 299, page 340. 

REFERRED.—The seven referred specimens (Paris Museum) 

from Simorre, Sansan, and Tournan, of which detailed measure- 

ments by Matthew and Frick are printed above and below, give the 

typical characters and proportions of 7. angustidens of the Middle 

Miocene period in France. See also page 340 of present Volume I. 

“Le Régne Animal,” 

Cuvier's Tyre oF TRILOPHODON 

ANGUSTIDENS 

Cuviser’s Tyre oF 

TRILOPHODON ANGUSTIDENS 

MINUTUS 

Fig. 191 

Fig. 190. Type ‘‘Mastodonte a dents étroites’’ Cuyv., 1806 = Mastodon 

angustidens Cuy., 1817. Same size as original figure. After Cuvier, 1806.3, 

Pl. 66 (1), fig. 4. From Simorre, France, Middle Miocene. A second inferior 

molar of the right side, r.M» (cast Amer. Mus. 21921). Unfortunately this 

figure is drawn in perspective and is inaccurate; the new type figure (Fig. 299) 

drawn from the type cast gives the true proportions. Paris Mus. A. C. 1842. 
Observe central conules also in Trilophodon angustidens minutus (Fig. 191). 

Fig. 191. Petit mastodonte Cuy , 1806, Pl. 67 (11), fig. 11, from Saxony = 

Mastodon minutus Cuy., 1824 (see Cuvier, 1824, Vol. V, Ps. 2, p. 527). Same 

size as original figure. Apparently a second inferior molar of the right side, 

r.Mo. 

(Cuvier, 1806.3, p. 411): “‘Telle est la dent de Saxe, envoyée autrefois 
par le professeur de Gottingue, Hugo, 4 Bernard de Jussieu, et que l’illustre 

neveu de celui-ci a bien voulu me communiquer, PI. rtz [11], fig. 11, enti¢rement 

semblable en figure et en proportions 4 celle de la fig. 4, pl. 1. Elle est exacte- 

ment dun tiers moindre.”’ 

(Cuvier, 1821, Vol. I, p. 268): ‘“Ainsi, indépendamment du grand masto- 

donte de l' Ohio, et du mastodonte a dents étroites, espéces aujourd'hui bien con- 

nues et parfaitement déterminées, nous trouvons des indices de quatre masto- 

dontes, qui paroissent former d'autres espéces. Les deux qui viennent d’Amér- 

ique pourront s’appeler, lorsque leurs caractéres seront entiérement confirmés, 

mastodonte des cordilitres et mastodonte humboldien. Je donnerai au premier 

de ceux d’Europe le nom de petit mastodonte, et au second, dont les collines 
ne sont pas complétement divisées en mamelons, celui de mastodonte (apiroide”’. 
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TRILOPHODON ANGUSTIDENS 

B TRILOPHODON ANGUSTIDENS 

TRILOPHODON 

GC TURICIUS TURICENSIS 

D DEINOTHERIUM 

Decipvuous incisors, TRILOPHODON, TuRICIUS, AND DEINOTHERIUM 

Fig. 192. T'rilophodon, Turicius, and Deinotherium superior and inferior deciduous incisive tusks. After Stehlin, 1926. Of Lower Miocene, Burdigalian, age. 

A, Trilophodon angustidens from the Sables de |’Orléanais, a right superior milk incisor, r.Di*, showing the enamel cap at the extremity. 
anterior (B), and internal (A) aspects. 

B, Trilophodon angustidens from the Sables de |'Orléanais, a right inferior milk incisor, r.Di». 

External (C), 

Inferior (A), external (B), and superior (C) aspects, 

section (D). This tooth with its corrugated border displays a striking resemblance to the corresponding inferior milk tooth of Phiomia serridens (Fig. 180). 
C, Turicius turicensis from Pontlevoy-Thenay, a right inferior milk incisor, r.Dis. 

_ the form of the corresponding incisor in Mastodon americanus. 
D, Deinotherium cuvieri from the Lower Miocene (Burdigalian) of Pontlevoy-Thenay, a Jeft inferior milk incisor, |. Dis. 

inferior (C) aspects. 

Tyre Description.— (Cuvier, 1806.3, p. 405): ‘Je commence 

par une dent de Simorre, pl. 1, fig. 4. C’est celle que décrit Dauben- 

ton, Hist. nat., XII, n.° 1109. Longue de 0,116, large de 0,06! 

elle est déjA A moitié usée. De ses six paires de pointes, les deux 

antérieures sont confondues en un disque A quatre lobes, a, 6; 

une des mitoyennes, c, est déja en tréfle, laissant encore un petit 

disque rond isolé; l'autre, d, est elliptique, bilobée; les derniéres, 
e, f, n’offrent encore que quatre disques, dont un seulement com- 

mence Ase lober. On voit qu’un peu plus usée, cette dent auroit eu 

trois disques A quatre lobes. En arriére, est un talon de deux pointes 

‘See page 340. 

Observe the wide distinction from 7. angustidens and approach to 
Superior (C), internal (B), and inferior (A) aspects. 

Superior (A), external (B), and 

mousses sillonnées, dont l’une, g, est plus haute. Cette couronne 

est moins usée, et par conséquent plus haute, du cété des disques 
non lobés, a, d, e, que nous verrons bientét étre l’externe. Deux 

grosses racines rompues l'une et l’autre se dirigent en arriére; 

la postérieure, 7, est de beaucoup la plus grosse: enfin il y a en 

avant, en k, un aplatissement qui fait juger que cette dent étoit 

précédée par une autre dans la machoire.” 

(Cuvier, 1817, Pp. 233).—‘‘Le Mastodonte a dents étroites. 

(Mastodon angustidens. Cuv. ... ). Dont les macheliéres, plus 
étroites que celles du précédent, offrent, par la détrition, des disques 
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en forme de treffles, qui les ont fait confondre par quelques auteurs 

avec des macheliéres d’hippopotames, était d’un tiers moindre que 

le grand mastodonte, et bien plus bas sur jambes. On en trouve les 

dépouilles dans presque toute l'Europe et dans la plus grande 

partie de l’Amérique méridionale. Dans quelques endroits ses 

dents, teintes par le fer, deviennent, en les chauffant, dun 

assez beau bleu, et donnent ce qu’on appelle des turquoises 

occidentales.”’ 
ToprotyPeEs or T. ANGUSTIDENS, Parts Muspum.—The lacus- 

trine Calcaire de Simorre is important as the type geologic level of M. 

Fig. 193. Horizons of the Sables de l’Orléanais, ete., in which primitive species of 

Trilophodon, Turicius, Zygolophodon, and Deinotherium first appear in Europe. 
Compare figure 189, Depéret (1905-1908) and Osborn (1910.346, p. 250, fig. 126). 

also Geologic Table in Volume II, Chapter XXII (Geology). 

twist, the enamel band very distinct following the concave of the 

spiral. Other specimens from Simorre and Pontlevoy, which exhibit 

wide variation in all characters, are also included under the name 

T. angustidens, although they obviously represent more than one 

species. 

Gro Loaic Rancu.—The geologic range and the referred nomen- 

clature of specimens from different geologic levels and different 

localities in France are indicated in the following list by Mayet 

(1909, p. 44). In the meantime it is desirable to establish firmly 

the characters of the typical form Trilophodon angustidens from 

the upper Middle Miocene of Simorre and of other 

forms from the underlying Sansan beds which are 
After - ; 

known to be of earlier geologic age. 

A. — MASTODONTES A MAMELONS ARRONDIS (TYPE BUNODONTE) 
The map below (1910) omits the Lower Miocene and Upper Oligocene of North 

Africa containing Phiomia pygmeus, Rhynchotherium spenceri, and Trilophodon angusti- 

dens var. libycus. Compare figure 148, Chapter VII, Middle and Upper Miocene. 

Mastodon angustidens Cuvier. 

1825, Mastodon angustidens. Cuvier, Ossements fossiles, t. 1, p. 250. 

LOWER MIOCENE  Burdigalian. 
(Loiret), fluviatile, sables de Rebréchien, 2 Marigny, 8 Fay-aux-Loges, 4 Beaugency, 5 Tavers, 
6 Les Barres, Artenay, marnes du Blésois, caleaire de Montabuzard (Loiret), lacustrine. 
de 7 Chilleurs, Chevilly (Loiret), 8 Neuvilly, near Belgian frontier, fluviatile. Sables de 9 Ruan, 

Faluns et calcaires 
Sables de 12 Chitenay (Loire-et- 

14 Saint-Nazaire-en- 
LOWER-AUSTRIA. — Mollasse 

SWITZERLAND. — Muschelsand- 
stein von 18 Briittelen, 19 Macconens, La Moliére, 20 Bucheggberg, western Switzerland, 

GERMANY. — 

north central France. Calcaires et marnes de 10 Suévres (Loire-et-Cher). 
de 11 Pontlevoy, faluns et sables de Thenay, in la Touraine. 
Cher), fluviatile. 
Royans (Dréme). 
of 16 Eggenburg, marine. 

Faluns de 18 Manthelan, in la Touraine, marine. 
Mollasse blanche de 15 Angles (Gard). 

Marire deposits of 17 Linz. 

marine. PORTUGAL.— Mollasse of 21 Horta de Tripas, near Lisbon. 
Spalte der Schieferbriiche von 22 ‘Solenhofen (Bavaria). Correlation of Depéret. 

angustidens Cuy. The Simorre beds directly overlie those of San- 

san and are distinguished by a fauna of a more recent specific stage; 

for example, the species of rhinoceros, of gibbon, etc., of Simorre 

are more advanced than those from Sansan, and we should expect, 

therefore, to find the Trilophodonts also in a more advanced stage. 

From Simorre are several specimens referred to 7. angustidens 

(jaws and teeth); one a remarkably small adult in which Mp is 

well worn and Ms; is just coming into wear; the teeth are very little 

larger than in Phiomia osborni. A second specimen of a tooth of 7. 
angustidens is slightly more aged and somewhat larger. A pair of 

superior tusks from Simorre is relatively straight, with a spiral 

‘Compare revised text in Appendix to this chapter (p. 340, fig. 299). 

FRANCE. —Sables de 1 Neuville-aux-Bois 

1825. Mastodon minutus. Cuvier, Id., p. 267, pl, Il, fig. 11. 
1851. Mastodon Simorrense. Lartet, Notice sur la colline de Sansan, 

p- 24. 

1851. Mastodon Gaujaci. Lartet, Id., p. 24. 
1854. Mastodon Cuvieri. Pomel, Catalogue méthodique, p. 76. 
1859. Mastodon angustidens. Lartet, Note sur la dentition des pro- 

boscidiens vivants et fossiles (Bulletin de la Société géolo- 
oan de France, 1859, p. 469, pl. XVI, fig. 1-4; pl. XX, 
ig. 6). 

1859. Mastodon angustidens. P. Gervais, Zoologie et Paléontologie 
[rangaises, 2* édit. 

1870. Mastodon arvernensis. Fraas, Die Fauna von Steinheim, Stutt- 
gart, 1870, 

1887. Mastodon angustidens. Depéret, Vertébrés miocénes de la vallée 
Se (Archives du Muséum d'histoire naturelle de Lyon, 
t. IV). 

18y8. Mastodon angustidens. Mayet, Mammiféres miocénes des sables 
de lOrléanais et des faluns de la Touraine (Annales 
de l’Universilé de Lyon, fasc. 24); == des sables de l'Orléa- 
nais, p. 140, pl. VII, fig. 3, 4, 5, 6; =edes faluns du Blésois, 
p- 297, pl. XI, fig. 2 et 3). 

Species, including types and referred specimens, related to 

the Trilophodon angustidens phylum [=Longirostrine]. After 
Mayet, 1909, p. 44. 

TypicaAL DrenTaL CHARAcTERS! (OsBOoRN, 1923- 

1925).—(1) The actual type tooth (Fig. 190) which 

Cuvier selected in 1806 as ‘‘Mastodonte a dents étroites,” 

as compared with the broader teeth of the American 

Mastodon, could not be located in the Paris Museum 

at the time of the author’s visit in 1921. Fortunately 

the type cast (Amer. Mus. 21921) sent by Cuvier to 

Mantell (Fig. 299), a second inferior molar of the right 

side, r.M2, measuring ap. 116 mm., tr. 60 mm., index 

52, agrees precisely with Cuvier’s type description as 

cited above; each valley has a central conule tending to 

form an external trefoil; it is narrow in front, broadening behind, 

namely, protolophid 52 mm., metalophid 60 mm., and tritolophid 

64 mm.; the tritolophid is represented by a single cone. The 

type r.M» of Trilophodon angustidens is somewhat smaller than 

Wegner’s type r.M2 of Mastodon [= Trilophodon] angustidens var. 

austro-germanicus (Fig. 201). 

(2) The type of the synonymous Mastodon minutus Cuy., 

1824, from Saxony, is also reproduced (Fig. 191) from Cuvier’s 

figure, clearly showing the central conules arising exactly in the 

center of the valleys as they do in Phiomia osborni; it has the 

proportions of a second inferior molar of the right side, r.Mo, 

Sables 
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but it is very difficult to determine without examination of the 

original specimen, which was not accessible to the writer in 

the Paris Museum; it is relatively too long to be a superior 

molar. (3) The rise of the central conules directly in the center 

of the valleys is shown (Fig. 194) in a second inferior molar, 

erroneously determined by Lydekker as a “first lower true molar,” 

from Simorre, cut longitudinally and showing the protolophid, 

metalophid, tritolophid, and a rudimentary tetartolophid (b). 

(4) The typical structure of the third inferior molar in this species is 

beautifully shown in a third inferior molar from Simorre reproduced 

in figure 195 after Gaudry; this left inferior molar shows an 

external cingulum and trefoils springing from the outer side of 

the outer cones; it exhibits four complete crests and a half crest 

Fig. 4. 

BVEELE 2 oS 

Mastodon angustidens.—Vertical longitudinal section of the first lower true 
molar; from the Middle Miocene of Simorre. %. 0, enamel ; ¢, den- 
tine. 

Seconp Inrerior Morar 

OBSERVE CENTRAL CONULES IN FiGuREs 194-196 

Fig. 194. Section of referred “first {?] lower true molar,’’ [Mo], two- 
thirds natural size. T'rilophodon angustidens, from type locality of Simorre. 

After Lydekker, 1886.1, p. 29, fig. 4. 

Osborn observes that there isa rudimentary fourth crest (b), indicating 

that this tooth is not a first inferior molar, which, as a rule, has only three 

sharply defined lophs; it is probably a second inferior molar, Mo (ef. type, 
Fig. 299). 

Fic. 227. — Arriére-molaire inférieure du Mastodon angustidens, i 1/2 gran- 
deur. — Miocene moyen de Simorre, 

Lert Tarp Inrertior Moar 

Fig. 195. Referred four and a half crested third left inferior molar, 

1.My, one-half natural size. T'rilophodon angustidens, from Simorre. 

After Gaudry, 1878, p. 172, fig. 227. 
Osborn observes that the conule is directly in the center of the valley 

between the proto- and metalophid. The five crests from front to back of 
molar are: the proto-, meta-, trito-, tetarto-, and pentalophids. Com- 

pare these five crests with the four crests of Phiomia osborni (Fig. 185 A1) 

with its rudimentary tetartolophid, without pentalophid. 

representing the pentalophid; compared with the corresponding 

tooth of Phiomia osborni (Fig. 185) it measures great progression 
in this tooth from Lower Oligocene to Middle Miocene time. 

(5) The dental succession in T'rilophodon angustidens is also beau- 
tifully displayed in a specimen from Simorre reproduced from a 

figure by Gaudry one-third natural size (Fig. 197); it exhibits the 

TRILOPHODON 

Superiok MILK PReEMOLARS OF THE Lerr MAXILLA IN THE TRILOPHODONTS 

Arrer Gaupry (cr. Fic. 181) AND TETRALOPHODONTS. 

Fic. 240. — Molaires supérieures de lait du Mastodon longirostris, aux 
2/3 de grandeur. — 1m. premiére molaire ; 2m. seconde molaire a trois 
collines; 3m. troisitme molaire 4 quatre collines. — Mioctne supérieur, 
d’Eppelsheim. (D'aprés M. Kaup.) 

Fic. 241. — Molaires supérieures de lait du Mastodon Pentelici, aux 2/3 de 
grandeur. — 1m. premiére molaire; 2m. seconde molaire a trois collines ; 
3m. troisitme molaire a trois collines. — Mioctne supéricur de Pikermi. 

‘ H.F. 

Fic. 239. — Molaires supérieures de lait du Mastodon angustidens, aux 
2/3 de grandeur. — 1m. premitre molaire; 2m. seconde molaire a deux 
collines; 3m, troisitme molaire 4 trois collines. — Miocéne moyen de 
Sansan.” 

Fig. 196. Suecession of teeth, Dp*, Dp*, Dp‘, two-thirds natural size, in 

(lower figure) Trilophodon angustidens from Sansan, in (middle figure) type of 

‘Mastodon pentelici’’ from Pikermi, in (upper figure) T’ctralophodon longi- 

rostris from Eppelsheim. After Gaudry, 1878, p. 180, figs. 239, 240, 241. 

Dp? Dp* Dp* 

Tetralophodon longirostris 1}5 crests 3 crests 4} crests 

Trilophodon (Choerolophodon) pentelicus 1) 3 cs Sa 

Trilophodon angustidens Dens a 3 “ 

|Phiomia wintoni (cf. serridens) 1 crest 2 2 fe] 

Compare (1) the above superior milk teeth, Dp* to Dp‘, with those of 

Phiomia wintoni (cf. serridens), figure 181, and observe the progression in 

the ridge formula. (2) Observe also the marked crenulation of the sides of 

the lophs, and (3) the progressive evolution in ascending order of Dp® in 

Phiomia wintoni (cf. serridens), figure 181, in T'rilophodon angustidens, in Tri- 

lophodon (Choerolophodon) pentelicus, and in Tetralophodon longirostris in which 

Dp* becomes trilophodont. Compare T'ri. (Choer.) pentelicus in this figure with 

the same specimen in figure 205 below. 
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rudimentary Dp» (1 m), the bilophodont Dps (2 m), the trilopho- 

dont Dps (8 m), also the trilophodont M; (1a); beneath the two 

milk molars (Dp3, Dps) may be observed the permanent Ps, Ps. 

This milk dentition should be compared with the permanent pre- 

molars of Phiomia wintoni represented in figure 179 A, also with 

the milk dentition of P. wintoni (cf. serridens), figure 181. (6) 

The crown view of the superior milk molars of 7. angustidens is 

also beautifully displayed in figure 196, reproduced from Gaudry ; 

it shows that Dp? (1 m) is in a rudimentary bilophodont stage, that 

Dp* (2 m) is bilophodont with a rudimentary third crest, that 

Dp? (83 m) is fully trilophodont; these milk teeth of T. angustidens 

of Sansan are shown to be slightly less progressive than those of 

Tetralophodon longirostris of Eppelsheim. 

Marruew, 1920.—Specifie references in the table below were 

taken in the Muséum d’Histoire Naturelle, Paris, 1920. Measure- 

ments were taken and indices calculated by W. D. Matthew, 1920— 

1921. The molar dentition of Trilophodon angustidens (Fig. 199) 

is exceptional in width of M’, index=76, and in the extreme nar- 

rowness of M3, index=39. [=T'. angustidens of Sansan.| 

PROBOSCIDEA 

Frick’s ADDITIONAL OBSERVATIONS OF 1926 

(1) Trilophodon angustidens. Skull and jaw from Tournan, 

Gers. Collected by Marty. Mb greatly worn, M; third crest worn 

(vs. M? of skull . . . in which third crest only moderately worn). 

M? (142 mm.) heel not quite erupted; M? to tip of premaxillary 

290 mim. 

(2) Trilophodon angustidens. Skull from Tournan, Gers, 

1887-4. M? apparently nearer to state of wear of Mz of mandible 

in preceding [specimen] than is M? of skull . . . exhibited with 
same. M$, 148 mm. [Not in W. D. M. table.] 

(3) Skull from Tournan, Gers. 1887 Cat. 4. M?, 14873 mm. 

{Not in W. D. M. table. | 

(4) Mounted skeleton, Laurillard. 1851-2 Cat. B VI-5 from 

Sansan. Skull in bad condition. Teeth of jaws more worn than 

those of skull (?probably two individuals). M®* heel as in Ms, 

largest tubercle on trefoil side, no tendency to cingulum. M&, 

15375 mm. [150X77 in table.] 

(5) Immature mandible from Sansan (Serridentinus?). Secured 

by Filhol, Cat. 22,1826. Fine condition. [Not in W. D. M. table.] 

Motars REFERRED TO TRILOPHODON ANGUSTIDENS, MippDLE Miocene (Paris Museum), W. D. Marrurw, 1920-1921 

Diameters of I,: Horizontal, 45 mm.; vertical, 34 mm. 
| 

M2 M; | M? M3 

ap. tr. I ap. te, le ap. fsa Ap) tite ele 

1818, Sansan, Lartet, 7. angustidens 152 70 46 

T. angustidens 181 78 43 

1851-52, Sansan, mounted skeleton 7’. | 

angustidens (cf. Figs. 199, 200A) 105 176 68 39 94 71 76 150 77 51 

1909, Sansan, 7’. angustidens 164 838 51 

Type loc.: Simorre, jaws 7’. angustidens 84 55 66 131.5 59 465 
T. angustidens 89 8658 65 145 Bi) chi | 

1888, Tournan, Marty skull of 7. angustidens r.93 63.3 68 160 68 43 

194 60 64 160.4 68 42 100 5s) yy) [142] 73 

Diameters of I?: Horizontal, 71 mm.; vertical, 74 mm. 

Fic. 242. — Mandibule de Mastodon angustidens, vue sur la face interne, 
au 1/3 de la grandeur.— 1m. alvéole de la premiére molaire de lait; 2m. 
et 3m. les seconde ct troisitme molaire de lait; 3p. premiére prémolaire 
qui pousse au-dessous dela seconde molaire de lait; 4p. seconde prémolaire 
qui pousse entre les racines de la troisiéme molaire de lait; 1 a. premiére 
arriére-molaire. — Miocéne moyen de Simorre (Gers). (D'apres Lartet.) 

Fig. 197. Succession of milk and permanent teeth in Trilophodon 

angustidens, one-third natural size. From Simorre. After Gaudry, 

1878, p. 182, fig. 242. : 
lm=Dp2, 2m=Dpas, 3m Dpi, 3p=P3, 4p=Pu, la=Mi. 

(6) Cat. A-c 2058, 2062. Skull fragment and associated por- 

tions of mandible with symphysis broken at tip. M* (161) X80mm. 

{Not in W. D. M. table.] 
(7) Simorre skull. P‘, 42.5 mm., M', 74 mm., M?’, 104 mm; 

M3, 15870 mm. 2d cr. [Not in W. D. M. table.] 

(8) Trilophodon (Serridentinus ?). A-C 2058 and 2062 from 

Sansan. Symphysis broken at tusk base, term. expanded similar 

to S. productus. [Not in W. D.M. table. (1933) =Type of Serri- 

dentinus filholi Frick, 1926-1933, cf. Chap. X, p. 473.] 

Cuvirr’s Tyre or TRILOPHODON ANGUSTIDENS.—Second in- 

ferior molar, r.M., length 116 mm., breadth 60 mm., index 52. 

REFERRED TRILOPHODON ANGUSTIDENS INpiIcES.—The seven 

specimens referred to 7. angustidens from Sansan, Simorre, and 

Tournan represent Middle Miocene stages in which the molar 

indices are closely similar, although the animals themselves range 

greatly in size according to sex and geologic succession: 

average 66 

average 42.7 

average 65.5e 

average 51 

broadest 68 narrowest 64 

broadest 46 narrowest 39 

broadest 76 narrowest 55 

broadest 51 narrowest 51 

M:z indices, 

Ms; indices, 

M? indices, 

MS indices, 
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Compare measurements of 7’. angustidens molars in table 
appearing with Phiomia osborni (p. 246), also the W. D. Maithew 

table (p. 256). 

TypicaL HypPpeRLONGIROSTRINES OF FRANCE MrAsSURED AND 

OxssERVED BY W. D. Marruew, 1920. Grneric AND 

Speciric NOMENCLATURE AS IN THE PRESENT 

Memoir 

HyprrLONGIROSTRINES—The Hyperlongirostrines from San- 

san, Simorre, and Tournan are readily distinguished by excep- 
tionally elongate, narrow third inferior molars, in which the 
breadth as compared to the length gives the following indices: 

39, 41, 42, 43, 45, 46. Until we secure the entire jaw we may 
not distinguish by the Ms; index alone the Longirostrine from 

the Serridentine. Yet it will be seen from the following valu- 

able notes by Matthew that both the excessively long-jawed and 

the medium-jawed forms occurred in western Europe just as we 

find them in North America in Miocene time. 
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TYPICAL SIMORRE Specimens. Novres sy W. D. Matruew, 

SeprEMBER, 1920.—From Simorre, the type locality of 7. angus- 

tidens, measurements of three specimens containing M»-s are given 

above. 

VILLEFRANCHE SpEcimENS (Miocene), W. D. Marruew, 

SepremBer, 1920.—From Villefranche d’Astarac (Gers), in the 

Lyons Museum, is a 7. angustidens with the longest jaw and 

symphysis observed by Matthew in Europe, now raised to the 

new subspecific rank Trilophodon angustidens gaillardi because 

of its five and a half crested third inferior molars (see p. 259 

below); it actually measures 1495 mm., according to a cast of this 

jaw (Fig. 218) kindly presented to the Museum by Doctor Gail- 

lard (compare 7’. angustidens austro-germanicus, Fig. 201). 

Mus6hum v’Historrrs Narouretin, Parts (Cur~ps FRick’s 

OBSERVATIONS OF 1926—cr. Frick, 1926.1,pp. 177, 178).—The 

mature and immature remains heretofore referred in entirety to 

the Cuvier species, Trilophodon angustidens, actually include at 

least two widely differing forms which broadly considered seem to 

Type FicurE oF TRILOPHODON ANGUSTIDENS GAILLARDI OSBORN, 1929, UppmER Miocenn 

Fig. 198. Compare new type figure 218. Hyperlongirostrine. Superior aspect of restored jaw referred 

to “Mastodon angustidens,’”’ from Villefranche d’Astarac, Gers (St. Gaudens=Sarmatian age) in the Mu- 

séum des Sciences Naturelles de Lyon. 

of the Municipal Museum. About one-twelfth natural size. 

After pen sketch kindly furnished by Dr. C. Gaillard, Director 

Observe the five and a half crested M3, the ex- 

tremely elongated rostrum, as in Amebelodon (Trilophodon) hicksi Cook (Fig. 261), and the entire absence of 

inferior incisive tusks; hence a progressive or specialized stage. 

cruziensis, T’. (Megabelodon) lulli, and T. joraki.] 

[Incisorless (?) female, ef. 7. phippst, T. 

TRILOPHODON OF VILLEFRANCHE.—(Depéret, Mayet, letter, 1924): ‘‘M. Depéret a cité ce Mastodonte de 
Villefranche d’ Astarac dans son mémoire consacré aux Faunes de vertébrés miocénes publié dans les Archives du 

Muséum de Lyon, T. IV., p. 181. 

Age géologique de la mandibule de Mastodonte de Villefranche d’Astarac. . . . Cette piéce du Muséum 

d'Histoire naturelle de Lyon, provient des couches d’eau douce du sommet du Vindobonien (sous-¢tage Sar- 

matien), de l’horizon de Saint-Gaudens. 

Ce M. angustidens est un véritable intermédiaire, trés intéressant, entre M. angustidens de Sansan, et 

M. longirostris du Pontien. C’est un animal franchement miocene dont le gisement ne peut absolument pas étre 

regardé comme appartenant au Pliocéne. Incisives? Il n’y a sur la piéce aucune trace d’incisives, ni d’alyéoles 

d’incisives. S’il y en a eu, elles n’ont laissé aucune trace sur le fossile.”’ 

Typical Sansan Specimens. Notes spy W. D. Marrurw, 

SepTeMBeER, 1920.—The Sansan stage includes a lower jaw in the 

Paris Museum of a young individual referred to T'rilophodon 
angustidens, but of larger proportions than the skull from Tournan; 
it equals that of the mounted skeleton in size. This lower jaw shows 

what Matthew regards as the true position of the lower tusks. In 
the mounted skeleton of 7’. angustidens (Fig. 199) the upper tusks 

are finely preserved and their probable! relative position is included 

in the figure; the mandibular symphysis is nearly straight, elongate, 

and not decurved. From Sansan also is a well-preserved skull 

and jaws of 7’. angustidens (Fig. 200A); the gap between the rami 

and the symphysis is apparently wrongly restored in this specimen. 

‘See caption to Fig. 199, p. 258. 

parallel respectively (1) the long [= Trilophodon] and (2) the mod- 

erately-long [=? Serridentinus] symphysised forms of Santa Fé 

[Mio-Pliocene of New Mexico]. It has seemed advisable to insert 

at this point a summary of such observations: 

(1) [=Trilophodon| The first, extremely-long symphysised, 

and more typical form, is exampled amongst other material 

from Sansan now in the Museum d’Histoire Naturelle, Paris, by 

a mandible with broken symphysis and associated skull fragment, 

by the mandible of the Laurillard mounted skeleton, and 
by the well preserved immature mandible with ps, me and tusks 

figured by Filhol; by the huge mandible in the Muséum des 

Sciences Naturelles de Lyon [Fig. 198], also by remains from 
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yy, 

HF. 

Fic. 226. — Essai de restauration du squelette du Mastodon angustidens, d’aprés les piéces découvertes par Laurillard 
dans le miocéne moyen de Simorre (Gers). Au 1/26 de grandeur. 

ComposiTION SKELETON OF TRILOPHODON AND (?)SERRIDENTINUS FROM SANSAN 

Fig. 199. Paris Museum restoration of the skeleton referred to Trilophodon angustidens, a faulty composition and restoration 

from different individuals and species (?) discovered by Laurillard in Sansan (according to label in Paris Museum) not in Simorre 

as stated by Gaudry. One twenty-sixth natural size. After Gaudry, 1878, p. 171, fig. 226. We can be positive that the skull and 

jaw represent the typical T'rilophodon angustidens, but the student should not consider that this composite restoration gives us 

a truthful presentation of the skeletal characters and proportions of 7’. angustidens. Mus. Nat. Hist., Paris, 1851-2 Cat. B VI-5. 

(W. D. Matthew, September, 1920): “M. angustidens skeleton, mounted by Laurillard from materials collected by him 

at Sansan in 1851-1852, with aid of some bones found in the same beds by Lartet. This is a much larger individual than the skull. 

The skull is defective, and it is not clear just how much of it is original. The lower jaws have apparently been partly restored; 

the inferior tusks are placed with only the collapsed (hence hollow) roots within the sockets; some of the collapsed part of the tusk 

is outside the socket. The superior tusks erroneously turn upwards instead of downwards [as properly shown in figure 200A]; 

they are probably in place; the front of the skull seems to be largely original, and the base of the superior tusks outside the socket 

is slightly collapsed. Ribs mostly restored, pelvis and hind limbs, front limbs, forefeet and some parts of hindfeet original. 

They are considerably larger than those in the American Museum Serridentinus productus skeleton, as is the skull. 

Tournan in the Muséum d’Histoire Naturelle, Paris. The specimens 

cover a large range in size, as well seen in comparison of the an- 

teroposterior lengths of the m;’s, that of the largest m; exceeding 

the smallest by nearly 40 per cent of its own length, and thus 

suggesting the possible presence of more than the single species. 

The extreme length of the symphysis is best exhibited by the 

Lyons mandible [Fig. 218] in which this (symphyseal length 

830 mm. versus ‘alveolar distance’ 420 mm.) and the m; (antero- 

posterior diameter 195 mm.), though of but the typical proportion 

relative to one another, are of record length. It is interesting to 

note that the range in size exhibited by this French Miocene 
material nearly approximates that already observed in the Santa 
Fé specimens. 

(2) [=Serridentinus filholi Frick, 1933, type]' The second, 

an evidently rarer form, with noticeably shorter proportional 

symphysis, is definitely represented by a well preserved mandible 

containing ms, ms and the tusks of both sides, and showing the 

alveolus of m,. In this specimen, unlike those above, the ‘alveolar 

distance’ (330 mm.) definitely exceeds the symphyseal length 

(303 mm.), and the m; is much less elongate relative to ms. The 

anteroposterior diameter of the m; is but slightly greater than that 

of the smallest ms; of the extremely-long symphysised form. 

SKELETAL CHARACTERS OF TRILOPHODON ANGUSTIDENS AND 

OF SERRIDENTINUS SP. (?) 

It is very important to note in all the collections of Europe that 

the skeletons and the teeth of the true hyperlongirostral T'rilo- 

phodon are intermingled with those of the medilongirostral Serri- 

dentinus. Skeletons and skulls of these two animals may be inter- 

mingled also in some of the restorations and reconstructions. For 

example, compare the relatively medilongirostral jaw in the ‘Masto- 

don angustidens’ (Fig. 199) after Gaudry, with the hyperlongirostral 

jaw shown in figure 218 after cast; compare also the medilongi- 

rostral skull and jaws in the restoration (Fig. 199) after Gaudry, 
with the hyperlongirostral skull from Sansan shown in figure 200. 

Mowuntep SkeLeton, Musfum pb’Historre NATURELLE, 

Paris. Notes sy W. D. Marruew, SEPTEMBER, 1920.—From 

Sansan, of typical Middle Miocene age, is the 7. angustidens 

‘Compare Chapter X (Serridentine), Frick’s description of Serridentinus filholi, page 473. 
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skeleton (Fig. 199) mounted and restored by Laurillard from ma- 

terials collected by him in Sansan in 1851-1852, with the aid of 

some bones found in thesame beds by Lartet. The skeleton belongs 

to a larger individual than the skull from Tournan; the skull itself 

is defective and partly restored; the lower jaws apparently have 

also been partly restored; the lower tusks are placed with only 

the hollow portion of the roots within the sockets, hence they are 
relatively too long. The front part of the skull seems to be largely 
original, with the upper tusks probably in place. The ribs are 

mostly restored, but the pelvis, hind limbs, front limbs, forefeet, 

and some parts of the hindfeet are original. Both the skeleton 

and the skull associated with it belong to an animal of larger 

size than the Serridentinus productus skeleton (Fig. 371) of the 

American Museum. 

SkuLu.—The complete skull and jaws of 7’. angustidens from 

Tournan belonged to an animal a little larger than that which 

possessed the small jaws from Simorre mentioned above, but the 

animal was much smaller than the mounted skeleton from Sansan 

or the animals to which the larger jaws and teeth from Sansan and 

T. angustidens 
Paris Museum A 

1/30 nat. size 

Fig. 200. Left (B). Mounted skeleton of referred Hlephas [ Archidisko- 

don) meridionalis of Durfort, in the Paris Museum. 

Right (A). Skull of mounted skeleton referred to T'rilophodon angus- 

tidens in the Galerie de Paléontologie, Paris (cf. Fig. 199). After original 
pencil sketch by Charles R. Knight. This specimen is explained elsewhere as 
collected chiefly from Sansan, Middle Miocene, France. About one-thirtieth 

natural size. Compare 7’. osborni (Figs. 248, 256). See restoration (Fig. 169). 

Simorre belonged: the adult age of this animal is indicated by M?- 
Mg, partly worn, and M-Mg, worn only at the anterior end. The 

actual measurements and indices of the upper and lower teeth in 

this Tournan skull are given in the table above. The incisive 
tusks, partly slipped out of their sockets before fossilization, 

measure respectively: lower tusks approximately 12 in., upper 

tusks 6 to 12 in.; the upper tusks have a slight downward curva- 
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ture; the lower tusks curve slightly upwards and the symphysis 

extends almost directly forward. This skull from the Middle 

Miocene of Tournan (Gers), found by Marty in 1888, is somewhat 

inferior in size to the skull of the Lower Pliocene Serridentinus 

serridens of Texas (Fig. 366). A second very incomplete skull also 

from Tournan, collected by Marty, exhibits little more than the 

palate and tusks; it is of equally small size, the tusks being more 
divergent and decurved. 

KNIGHT'S SKETCH OF THE SANSAN SKULL.—The value of this 

sketch by Charles R. Knight (Fig. 200A) is that it shows the front 

aspect of this important skull as well as the lateral aspect. 

Trilophodon angustidens gaillardi Osborn, 1929 

Figures 198, 218B 

Villefranche d’Astarac (Gers), France. Recorded as of Upper’ Miocene age. 

Trilophodon angustidens gaillardi Osborn, 1929. ‘New 

Eurasiatic and American Proboscideans, Amer. Mus. Novitates, 

No. 393, Dec. 24, 1929, p. 1, fig. 1 (Osborn, 1929.797). 

This subspecific stage from the Miocene of France, based on a 

jaw in the Muséum des Sciences Naturelles de Lyon, France (cast 

Amer. Mus. 21904), presented by Doctor Claude Gaillard, is readily 

distinguished from the typical Trilophodon angustidens of Simorre 

and Sansan by the presence of five and a half ridge-crests in the 

third inferior molar teeth, as figured above (Fig. 198) by Doctor 

Gaillard, to whom this subspecies is dedicated, and refigured (Fig. 

218) in comparison with Trilophodon chinjiensis. The resem- 

blances in size and in ridge-crest evolution to the holotype jaw 

of T. chinjiensis (Fig. 218A, Al, A2) are very close indeed. The 

same is true of the measurements, as shown in the comparative 

table below (p. 273). This five and a half ridge-crested third 

inferior molar (190 mm.) apparently establishes an Upper Miocene 

stage in Europe and Asia, more progressive than the four and 

a half ridge-crested Pliocene stages in America. 

Type or TRILOPHODON ANGUSTIDENS VAR. AUSTRO-GERMANICUS 

Fig. 201. Type second and third right inferior molars, r.Moe-s, of Masto- 

don angustidens var. austro-germanica Wegner, 1913, Taf. xv, fig. 2. One- 

third natural size. ‘‘Siimtlich aus dem Obermiocaen von Kgl. Neudorf bei 

Oppeln. Originale im Palaeontologischen Museum der K. Universitit Breslau.” 
Observe conspicuous central conules. 

Trilophodon angustidens var. austro-germanicus 

Wegner, 1908, 1913 

Figure 201 

Middle Miocene. Near Oppeln, eastern Germany. 

The type right second inferior molar of this species (ap. 116 

mm., tr. 71 mm.) is somewhat broader than Cuvier’s type r.M2 

(ap. 116 mm., tr. 60 mm.) of Trilophodon anqustidens (Figs. 190, 

299). 

Mastodon angustidens var. austro-germanica Wegner, 1913. 

“Tertiaer und umgelagerte Kreide bei Oppeln (Oberschlesien),”’ 
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Palaeontographica, Band LX, pp. 255-263. Typr.—Second 

and third inferior molars of the right side, r.M»-. HorIzon 

AND Locauiry.—Middle Miocene. From near Oppeln, eastern 

Germany. Type Figure.—Wegner, 1913, Taf.xv, fig. 2. 

AssocIaATED Fauna (WEGNER, 1908, Pp. 113).—Amphicyon sp., 

Lutra sp. (2), Martes filholi Depéret, Sciuropterus gibberosus 

Hofmann, Steneofiber minutus H. von Meyer, S. jaegeri Kaup, Mas- 

todon n. sp. Zwischenform von M. angustidens und M. iongirostris. 

Hisrory.—(Compare Wegner, 1908, pp. 113, 114) Andreae 

included in his list of fossil mammals of Oppeln (November 5, 1902) 

the species Mastodon angustidens, a molar tooth from Kgl. Neudorf 

near Oppeln, without description or figure. None of the Oppeln 

teeth agrees entirely with the typical M. angustidens of Sansan; 

the specimens include two entirely distinct types. Subsequently 

Wegner (19138, p. 255) applied the name Mastodon angustidens 

var. austro-germanica to the two inferior molars of the right side, 

r.Mo2-3. 

Tyrer DrscripTion.—(Wegner, 1913, p. 255): ‘‘Von einem 

miichtigen Unterkiefer, der leider in kleinste Splitter zersprengt 

wurde, liessen sich noch die beiderseitigen M2 und M; zusammen- 

setzen, von denen die rechtsseitigen auf Tafel xv, Fig. 2 abgebildet 

sind. Der M; besitzt 5 Joche und einen kleinen knépfchenférmigen 

Talon. Die Quertiiler sind breitbodig und weit ausgebuchtet, die 

Jochwinde glattwandig, nur bei den beiden letzten Jochen rauh- 

wandig oder gerunzelt, diese letzteren sind auch nicht ganz gerade- 

gestreckt, denn die hier deutlicher durch Einsehnitte voneinander 

markierten einzelnen Hécker, welche die Joche zusammensetzen, 

stehen in einem flachen Halbbogen. Die Medianfurche ist ziem- 

lich tief eingeschnitten, Sperrhécker sind besonders in den beiden 

vordersten Quertalern gut entwickelt.”’ 

Osborn, 1926: Subspecific characters. This beautiful type is a 

transition between the four-crested and five-crested stage; behind 

the pentalophid is the rudiment of a hexalophid; consequently 

it is somewhat more progressive than the third lower molar of 

Simorre (cf. Fig. 195), which has five crests without the rudiment 

of a sixth; it is much more progressive than the referred Tr7- 

lophodon cooperi (Fig. 213); it is less progressive than the jaw from 

Villefranche d’Astarac (Fig. 218). It appears, therefore, to repre- 

sent a valid subspecies or ascending mutation. 
M®ASUREMENTS.—Right Me, ap. 116 mm., tr. 71 mm., index 

61. Right Ms, ap. 214 mm., tr. 83 mm., index 39. These proportions 

compare quite closely with the Trilophodon angustidens of Sansan 

also with the hyperlongirostral species of America, as follows: 

. ap. E: I 

Referred Trilophodon angusti- 

dens, Sansan, M; 176 68 39 

Type of Trilophodon angustidens 

var. austro-germanicus, M; 214 83 39 

Type of Trilophodon (Megabel- 

odon) lulli, Ms, 222 89 40 
Type of Amebelodon (Trilophodon) 

hicksi, Ms 199 80 40 
Type of Amebelodon (Trilopho- 

don) paladentatus, Ms 174 79 45 

Type of Trilophodon osborni, Mz 190[196] 76[80] 40(41] 

Type of Trilophodon abeli, M3 185 76 41 

Type of Amebelodon fricki, Mz; 229 89 39 

PROBOSCIDEA 

NoTE (1931).—The species Mastodon [=Trilophodon] engels- 
wiesensis, M. [T.| esselbornensis, and M. [T.] steinheimensis of 

Klahn, 1922, are treated on pages 281 and 282 of the present 

chapter (VIII). 

NOTE (1933).—See pages 283 and 284 for description of Tri- 

lophodon pontileviensis. 

Trilophodon angustidens var. libycus Fourtau, 1918 

Figure 202 

(?)Lower Miocene, Moghara, northern Egypt, Africa. 

Compare Rhynchotherium. 

The race libycus is regarded by its author as a Trilophodont 

intermediate between the Trilophodon angustidens ref. of the 

Orléanais and the M. angustidens pontileviensis of the Blésois. 

Osborn compares this very primitive four-crested M®* stage with 

the four-crested M* of Trilophodon fricki of Colorado (Fig. 267, 

p. 313). 

Typr or TRILOPHODON ANGUSTIDENS VAR. LIBYCUS 

Fig. 202. Type of Mastodon angustidens, Cuvier var. libyca Fourtau, 

1918, fig. 58, with correction of dental symbols by the present author. 

(Upper figure) M?, M°, of the left side, one-third natural size. From the 

desert of Moghara, Egypt. 

(Lower figure) Superior view of referred left lower jaw (op. cit., fig. 

59), one-fourth natural size; same locality. 

Observe central conules. 

Osborn (1924) observed that, whereas the central position of 

the trefoil conules relates this animal to the Longirostrine, the 

relatively short and broad proportions of M® (index 60), as com- 

pared with Trilophodon angustidens (index 51), suggest the inquiry 

whether this animal may not be related to the Rhynchorostrine 

rather than to Trilophodon of the true Longirostrine. Osborn 

(1935) observes that Trilophodon libycus of the Lower Miocene of 

northern Africa, with its primitive four-crested M® (ap. 143 mm., 

tr. 86 mm., I. 60), is very similar to M® of T. fricki of Colorado 

(ap. 162 mm., tr. 82 mm., I. 51), the most primitive stage thus 

far discovered in America (see Fig. 267). 

Mastodon angustidens, Cuvier var. libyca, Fourtau, 1918. 

“Contribution 4 l’Btude des Vertébrés Miocénes de Egypte.” 

Ministry of Finance, Egypt, Survey Department, 1918, pp. 84- 

89. Typr.—(Op. cit., p. 84): “Seconde et troisiéme molaires 

supérieures gauches.’’ Horizon anp Locauiry.—(?)Lower 
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Miocene, Moghara, northern Egypt, Africa. Tyre FicurE.— 

Op. cit., p. 84, fig. 58. 
Tyrr Description.—(Op. cit., p. 85): ‘Je me bornerai done a 

quelques détails sur les piéces récoltées 4 Moghara. (1) Un frag- 

ment de maxillaire supérieur gauche nous montre M2 et Mz 

(M2-M’]. Mz [M2] est fortement usée, on ne voit que sur les bords 

les traces de sa disposition trilophodonte, elle a 107 millimétres 

de long sur 68 millimétres de large. Mz; [M‘] est 4 quatre collines, 

sa longueur est 143 millimétres, sa plus grande largeur au niveau de 

la premiére colline 86 millimétres et sa moindre largeur au niveau 
de la quatriéme colline 60 millimétres. Les mamelons sont de 

hauteur médiocre, les vallées qui séparent les collines sont assez 

larges et obstruées au milieu par un assez gros mamelon accessoire. 
Le talon est peu développé et accolé 4 la quatriéme colline de telle 

sorte que cette derniére semble en faire partie, ses mamelons sont 

d’ailleurs beaucoup moins développés que ceux des trois premiéres 

mais plus hauts que les mamelons accessoires du talon. Le bour- 

relet basilaire est trés net sur la face interne de la dent entre le 

talon et la premiére colline; 4 la face externe, on ne constate sa 

présence qu’au tiers antérieur ow il embrasse la moitié postérieure 

de la premieére colline et la moitié antérieure de la seconde.” 

Osborn, 1923: The imperfect type of this subspecies, T’rilo- 

phodon angustidens libycus, interesting and important as coming from 

the Miocene of Moghara, North Africa, should be compared with 
the contemporary Rhynchotherium spenceri also from Moghara 

(Fig. 455). The dental measurements given by Fourtau exceed 

those in the large mounted skull from Sansan, namely: 
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M? M3 

ap. tr. 1 ap. tr. Te 

1851-1852, Mounted San- 

san skull of 7. angusti- 

dens, Paris Museum 94 71 76 ES Ry Ws 51 

Type of Trilophodon an- 

gustidens libycus 107 +68 63.55 143 86 60 

These indices of 7’. angustidens libycus do not agree very well 

with those of the typical 7’. angustidens, the last superior molar 

being relatively broader in 7’. angustidens libycus. 

(Joleaud, 1920, p. 497): “Les Proboscidiens comptent le 

Mastodon angustidens libyca Fourt. et le M. Spenceri Fourt. La 

race libyca de M. angustidens serait intermédiaire entre le Mastodon 

du Burdigalien de |’Orléanais et le M. angustidens pontileviensis 

Mayet de l’Helvétien du Blésois. Elle est en tout cas incontestable- 

ment plus différenciée que le M. a. pygmxus du Burdigalien in- 

férieur de Kabylie. Ces données paléontologiques indiquent |’Age 

précis du gisement de Moghara, qui se place entre la phase de 

dép6t des sables de l’Orléanais (Burdigalien) et celle des faluns du 

Blésois (Helvétien). Une telle maniére de voir s’accorde avec le 

stade d’évolution constaté chez le Teleoceras de Moghara, qui est 

aussi intermédiaire entre la forme burdigalienne (7’. aurelianense) 

et la forme helyétienne (7. brachypum). . . . Le Mastodon 

Spenceri viendrait prendre place entre le M. angustidens et le M. 

longirostris, entre les sections Trilophodon et Tetralophodon: le 

Burdigalien supérieur de Moghara confinerait ainsi 4 |’époque et 4 

la contrée ot's’est effectuée la différenciation des types de Mastodon.”’ 

8. TRILOPHODON (CHOEROLOPHODON) OF SOUTHEASTERN EUROPE (PIKERMI, 

SAMOS), AND ASIA (MARAGHA, PERSIA) 

TRILOPHODON (SusGENUS: CHOEROLOPHODON Schlesinger, 1917) 

Original reference: Schlesinger, 1917, Denk. Naturhist. Hofmus., I, Geol.-Pal., Reihe I, p. 181. 

Genotypic species: Mastodon pentelicus Gaudry and Lartet, 1856. 
Choerolophodon, based on immature specimens, is probably a synonym of Trilophodon. 

SUBGENERIC CHARACTERS OF CHOBROLOPHODON.—In 1917 Schlesinger (p. 181) separated the sub- 

genus Choerolophodon as follows: ‘‘Choerodonte Reihe. Subgenus: Choerolophodon n. sg. Schiidel 

niedrig, langgestreckt mit zwei aufwiirts und auswirts geschwungenen schmelzbandlosen Stosszihnen. 

Unterkiefer mit miissig langer Symphyse ohne untere Inzisoren. Molaren choerodont (hochgradig suid).” 

(Schlesinger, 1922, p. 260): ‘5. Choerodonten: a) Langbleiben des Schiidels, niederer flacher 

Dom. 6) Langbleiben der Mandibel und ihrer Symphyse. c) Schmelzbandverlust an J°. d) Aufwarts 

und Auswirtskriimmung der J’, breitovaler Querschnitt. e) Schwund der J,. f) Reduktion der 

Molarenzahl. g) Konstanz der Trilophodontie (atypisch). h) Primolarenschwund.”’ 

Osborn, 1932: External enamel band present on Di? (Fig. 206) contrary to Schlesinger’s definition. 

All of Doctor Schlesinger’s material, which is fully described and figured below, consists of juvenile skulls 

and jaws containing deciduous superior and inferior premolar teeth which in many characters closely resemble 

those of Trilophodon (Fig. 196 after Gaudry and Fig. 208 after Schlesinger). Consequently Mastodon pentelicus, 

selected by Schlesinger as the genotypic species of Choerolophodon, is much more closely related to Trilophodon 

than to Tetralophodon. The question still remains whether M. pentelicus is to be regarded as generically related 
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to Trilophodon; this question appears to be answered in the affirmative by the discovery in the island of Samos 

by Barnum Brown of a more mature palate containing Dp*-M' (Fig. 207) which reveals close affinity to, if not 

synonymy with, Trilophodon. 

Fig. 203. Milk dentition of (B) Trilophodon and of (A) Tetralophodon. After Schlesinger, 1917, 

Taf. u, fig. 2, Taf. xu, fig. 1, one-third natural size. 
A, Juvenile right superior dentition, Dp*-Dp’, referred to Mastodon (Bunolophodon) longirostre 

Kaup, after Schlesinger, 1917, Taf. x1, fig. 1. Stirling sandgrube am Geierach, Austria. 

B, Juvenile right superior dentition, Dp?-M!, referred to Mastodon (Bunolophodon) angustidens 

Cuv., after Schlesinger, 1917, Taf. u, fig. 2. From Guntersdorf bei Grund, Austria. 

Hopwood (letter, Feb. 10, 1932) regards the chcerodont M. pentelicus of Pikermi and Samos, type of Choero- 

lophodon Schlesinger, as comparable with Synconolophus Osborn of the Dhok Pathan, an opinion apparently 

sustained by Schlesinger (1917) in his reference of many specimens to Mastodon pandionis which are considered 

by Hopwood as belonging to Synconolophus. Osborn (1932) does not accept this opinion, for the reason that 

despite the superficial chcerodont resemblances in the molars, the cranium of Synconolophus dhokpathanensis 

(Fig. 305) is fundamentally different from the cranium either of T’rzlophodon osborni (Fig. 253) or of Tetralophodon 

punjabiensis (Fig. 306), as shown in direct comparison of Synconolophus and Tetralophodon in Chapter 1X below. 

‘Choerolophodon’ rests upon the genotypic species Mastodon pentelicus of Gaudry and Lartet. Schlesinger’s 

citation of Pikermi and Samos materials is as follows (op. c7t., 1917, p. 181): 

Weitaus die hervorragendsten Reste von Mastodonten, die das Wiener Hofmuseum beherbergt, geh6ren dem von 

Gaudry aus Pikermi bekanntgemachten M. Pentelici Gdy. et Lart. zu. Sie stammen durechgehends von zwei Fundorten: von 

der Insel Samos im Agiischen Meer und aus Maragha am Urmiasee in Persien. Die prachtvollen Reste, die mir vorlagen, 
erméglichten mir einen sehr vollstindigen Einblick in die Morphologie der Art und zeigten mir ihre ganz besondere Stellung 

unter den Gruppen der Mastodonten. M. Pentelici muss als ein bunodonter oder besser suider Vertreter seiner Gattung gelten, 

ist aber im ganzen von der Gruppe Bunolophodon derart verschieden, dass ich mich veranlasst sehe, es als Angehérigen einer 

besonderen Untergattung zu betrachten, fiir die ich infolge des weitgehend schweineartigen Molarenbaues den Namen Choero- 

lophodon vorschlage. Die schénsten Reste sind drei fast vollstéindige Schidel aus dem Unterpliozin von Samos. Ich benenne 

sie der Grésse nach mit den Buchstaben, A, B und C. 

GEOGRAPHIC DISTRIBUTION OF ‘CHOEROLOPHODON.’—After reviewing the geographic distribution in Austria 

and Hungary, Schlesinger (op. cit., 1922, pp. 217, 219) concludes (p. 219): ‘“‘Nach alldem steht der Horizont als 

unterer Abschnitt des Oberpontikums (Mittelpontikum n. Gy. v. Halavadts) fest. . . . Die eben angefiihrten 

Momente hindern mich, Betrachtungen iiber die beiden auslindischen Fundorte dieser Art, Kertch (Bessa- 

rabien) und Maragha (Persien) anzustellen. Fiir so ferne Gegenden diirfte es doch geraten sein, mit dem Urteil 

vorliufig noch zuriickzuhalten. Beziiglich Maragha kann ich nicht umhin hervorzuheben, dass ein oberpon- 

tisches Alter auch von der Seite her wahrscheinlich ist, dass die Gesamtfauna die nichsten Beziehungen, zu der 

von Samos, Pikermi und auch Baltavdr zeigt, welch leztere wir als zum hohen Oberpontikum gehérig erkannt 

haben (vgl. 8. 187). . . . [p. 234] Samtliche Fundorte, von denen wir M. Pentelici kennen, Pikermi, Samos, 

Maragha und Halbinsel Krim sind ihrer niiheren Horizontzuteilung nach unbestimmt. Von den ersten drei 

Stellen wissen wir zwar nach den Begleitfaunen, dass sie unterplioziin sind, doch ist von keiner aus den Lager- 

ungsverhiltnissen oder nach Funden von Wirbellosen eine genauere Zuteilung méglich. Aus der Tatsache, dass 

alle drei, durch ausserordentlichen Wirbeltierreichtum ausgezeichneten Lokalitiiten dem Unterplioziin angehoren, 

sind wir wohl in der Lage M. Pentelici als unterplioziine Form festzuhalten. Dagegen fehlt jeder Anhaltspunkt, 

mehr iiber den stratigraphischen Wert der Art zu sagen.”’ 
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Fig. 204. 

(1910.346, p. 267, fig. 134, “Upper Miocene’’). 
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Lower Pliocene (=Etage Pontien), correlation of western Eurasia; Hipparion zone, chief localities; after Depéret (1905-1908) and Osborn 

Middle Pliocene (=Etage Plaisancien) as far east as the Caspian Sea, localities in part. Upper Pliocene (= Etage Astien), a few important localities. 

“38 37,36 i 
Ly (eile ¢ “be! S55. 9 34 

Pontian and Plaisancian Stages 

(a Upper Pliocene, Astian Stage: 51-55,57. 

\ 
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ori 1935 
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LOWER AND MIDDLE PLIOCENE. Pontian. GREECE.—Red limonite of 1 Pikermi. ASIA MINOR.—2 Isle of Samos. PERSIA.— 

8 Maragha. RUSSIA.—4 T'chernigov. 5 Sands of Balta (Podolia). Limestone of 6 Odessa, 7 Groussolowo (Kherson). ROUMANIA.—8 Manzatt. HUNGARY. 

—9 Balltavir. ROUMANIA.—Lignites of 10 Baroth-Képecz. AUSTRIA.—11 Siebenhirten. Congeria gravels of 12 Vienna basin. 13 Eggenburg. FRANCE.—- 

Limons rouges de 14 Mont Léberon (Vaucluse). 

Jean-de-Bournay, 19 La-Tour-du-Pin (Isére). 

(Vaucluse). Mollasse de 23 La Croix-Rousse (Ain), freshwater. 

15 Visan (Vaucluse). 

lacustrine. 30 Aurignac (Haute-Garonne). 

near Messina. 

16 Aubignas (Ardéche). Cinerites de 17 Puy-Courny (Cantal). Lignites de 18 St- 

Marnes de 20 La Trappe de Chambaran (Isére). 

24 Sainte-Foy a Lyon, near Lyons. 

(Ain). 26a St-Jean-le-Vieux (Ain). 27 Rocher du Dragon, near Aix (Bouches-du-Rhone). 

21 Mont Mirail (Drome). Lignites de 22 Tersanne 

Mollasse d’ 26 Ambérieu (Ain), freshwater. 26 Soblay 

Marnes de 28 Montredon (Hérault). 29 Estavar (Cerdagne), 

SPAIN.—81 Concud (Arragon), lacustrine. PORTUGAL.—82 Archino, on the Tagus. SICILY.— 33 Grasitelli, 

GERMANY.—34 Salmendingen (Bavaria). Bohnerz von 35 Melchingen. 36 Trochtelfingen, 37 Ebingen, in Swabia. 38 Undingen (Baden). 

89 Heuberg (Swabia). Kies von 40 Eppelsheim, near Worms (7-10 meters). HUNGARY.—41 Polgardi. JUGOSLAVIA.—Sands of 42 Veles, on the Upper 

River Wardar. RUSSIA.—43 Kouyalnik. 44 Tiraspol. 

RUSSIA.—50 Sebastopol. 

45 Grebeniki. 

Plaisancian and Astian. FRANCE.—Sables siliceux gris de 51 Perpignan. 

46 T'schobroutschi. 47 Novo Elisavetovka. 48 Taraklia. HUNGARY.—49 Csdkvar. 

Sables marins de 52 Montpellier (Hérault). Sables de 63 Trévouz. 

Cailloutis de 54 Montluel. Tufs de 55 Meximieur (Sadne Valley). Minerai de fer d’ 66 Autrey, lacustrine. ENGLAND.—57 Red Crag of Suffolk. ITALY.— 

Lignites of 58 Casino (Tuscany). RUSSIA.—59 Stavropol. 
63 Ain-el-Hadj-Baba and Ain-el-Bey (Plaisancian-Astian?). 

60 Eldar. 

Trilophodon (Choerolophodon) pentelicus Gaudry and 

Lartet, 1856, 1859, 1862 

Figures 205-208 

Lower Pliocene of Pikermi, Greece, of the same geologic age as Eppels- 

heim, Germany. 
Mastodon pentelicus is the genotypic species of the subgenus Choero- 

lophodon. Mastodon atticus Wagner has long been regarded as synonymous with 
Mastodon pentelicus Gaudry; this is an error. Wagner’s figure of M. atticus, 
1857, Tab. vu, fig. 16, proves that this is a Zygolophodont and consequently 

it becomes the type of Turicius atticus Wagner, 1857, as explained in Chapter 

VII above, subfamily Zygolophodontinz. 

The species Trilophodon (Choerolophodon) pentelicus (Fig. 

205), thus far known chiefly from juvenile crania and jaws from 

Pikermi and Samos, is distinguished by only 3% crests in Dp*-Dp,, 

whereas in Tetralophodon longirostris of the same geologic age 

there are 4% crests in Dp‘ (see Fig. 196, M. longirostris). 
History or ‘M.’ pentevicus AND ‘M.’ arricus.—In 1856, 

p. 273, Gaudry and Lartet named the juvenile Pikermi skull with 
milk dentition ‘Mastodon pentelicus.’ In 1857 Wagner erroneously 

cited the animal (Wagner, 1857, p. 140) as: “11. Mastodon atticus 
G.& L.,” thus apparently attributing the species to Gaudry and 
Lartet but under another name. In Pl. vn, fig. 16, he referred to 

EGYPT.—61 Wady-Natrun (estuarine). TUNIS.—62 Bizerta. ALGERIA.— 

this species a maxillary fragment of another individual. On page 

142, Wagner makes reference to this species, as follows: “ In meinen 

friiheren Erérterungen dieser Ueberreste habe ich es nicht gewagt, 

sie einer bestimmten Spezies von Mastodon zuzuweisen. Gaudry 

und Lartet haben sie jetzt als Mastodon atticus bezeichnet; ihre 

ausfiihrliche Abhandlung, die noch nicht erschienen ist, wird 

jedenfalls die Griinde angeben, warum sie dieselbe von M. angusti- 

dens getrennt haben.”” Gaudry observed (1862, p. 142, footnote) : 

“(1) C’est par une inadvertance de copie que Wagner a employé 

le nom d’atticus; car il nous attribue ce nom, et le seul que nous 

ayons proposé est celui de pentelicus.” 
In 1862 Gaudry fully described and figured the juvenile type 

of M. pentelicus. In 1917 Schlesinger proposed the subgenus 

Choerolophodon, in reference to the cherodont character of these 

milk teeth, based on Gaudry’s specific type, namely, the ‘Mastodon 

pentelici’ of Pikermi. In 1922 Schlesinger described from the island 

of Samos a juvenile cranium and milk dentition (Fig. 208) as 

‘Mastodon (Choerolophodon) pentelici,’ as reprinted in full and 

figured below. Meanwhile (1856-1925) no adult grinding teeth 

had been described; consequently in Osborn’s opinion (1923) the 

validity of the subgenus Choerolophodon remained in question. In 
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Typr oF TRILOPHODON (CHOEROLOPHODON) PENTELICUS 

Fig. 205. Juvenile type skull and teeth of Mastodon pentelicus Gaudry and Lartet, 1856. After Caudry, 

1862, Pl. xxu, figs. 1-3. Skull one-sixth natural size; teeth one-third natural size. (Left) Fig. 2. Dp”, Dp’, Dp’. 

(Right) Fig. 3. Dps, Dps. Compare the excellent engraving (Fig. 196 above) of the superior milk teeth of M. 

[Trilophodon (Choerolophodon)| pentelicus, reproduced from Gaudry (1878, p. 180), and observe their fundamental 

resemblances to the superior milk teeth referred to Trilophodon angustidens from Sansan; they are less tuberculate 

and chcerodont than the superior milk teeth of Tetralophodon longirostris from Eppelsheim, as figured by Gaudry 

(op. cit., fig. 240). The superior milk molars of T’rilophodon (Choerolophodon) pentelicus are certainly intermediate 

in character between those of T'rilophodon angustidens and those of Tetralophodon longirostris, and do not 

represent a separate phylum. Compare figures 196 and 206, of the same specimen, in the present Memoir. 

Fic. 244. — Crane d’un jeune Mastodon Pentelici, au 1/5 de grandeur. — 
i.m. inter-maxillaire; m. maxillaire; s.or. trou sous-orbitaire; na. nasal; 
fr. frontal; par. pariétal; tem. temporal; f.aw. trou auditif; t.m. trou 
mentonnier ; i.i. incisive supérieure ct alvéole de l'incisive inférieure ; 
4m.,2m., 3m. les molaires de lait. — Miocéne supérieur de Pikermi. 

Tyre or TRILOPHODON (CHOEROLOPHODON) PENTELICUS 

Fig. 206. Juvenile type skull and teeth of Mastodon pentelicus Gaudry 

and Lartet, 1856. After Gaudry, 1878, p. 184, fig. 244. One-fifth natural 
size. 

This is a very young animal with deciduous incisors and premolars; 

intermediate molars trilophodont in ridge formula, bunolophodont in cone 
structure; enamel band on the outer side of the superior tusks; lower jaw 

moderately elongated. The teeth in situ are Dp*, Dp*-Dps, Dp'*-Dp,. 

1924, however, Barnum Brown dis- 

covered in the island of Samos a 

maxilla (Amer. Mus. 20703—Tig. 

207 of the present Memoir), contain- 

ing the three intermediate molars, 

Dp’, Dp*, M', which does not 

strengthen the establishment of the 

subgenus Choerolophodon as an aber- 

rant cheerodont branch of the genus 
Trilophodon. 

Mastodon pentelicus Gaudry and 

Lartet, 1856. “ Résultats des recher- 

ches paléontologiques entreprises 

dans |’Attique sous les auspices de 

V Académie,” Compt. Rend. Acad. 

Sci. Paris, Tome XLIII, p. 273 

(name only); 1859, Lartet, ‘Sur la 

dentition des proboscidiens fossiles 

(Dinotherium, Mastodontes et Blé- 
phants) et sur la distribution géo- 

graphique et stratigraphique de 

leurs débris en Europe,”’ Bull. Soe. 

Géol. de France, (2), Tome XVI, 

p. 497; 1862, Gaudry, “Animaux Fossiles et Géologie de |’At- 

tique,”’ pp. 142-152. Typr.—Skull and teeth of a young 

individual. Horizon AND Locautiry.—Lower Pliocene 

of Pikermi, Greece. Type Ficure.—Gaudry, 1862, Pl. 

XXII. Type Description.—(Lartet, 1859, footnote, p. 497): 

. “sous la dénomination provisoire de Mastodon pentelicus?, 

quelques ossements et un maxillaire supérieur d’un jeune individu 

dont les dents n’ont pas pu étre rigoureusement identifiées avec 

celles d’aucune espéce connue.”’ 

TRILOPHODON (CHOEROLOPHODON) PENTELICUS OF SAMOS 

AS DESCRIBED BY SCHLESINGER, 1922 

In the following description Schlesinger uses the older 

symbols, M 1, M 2, M 3, instead of the newer symbols of Osborn, 

namely, Dp 2, Dp 3, Dp 4, M 1, ete. For example, Schlesinger 

describes the dentition of the juvenile cranium discovered in the 

island of Samos (Schlesinger, 1922, Taf. xx, xx1) as M 1-M 3 

instead of Dp 24, Dp os. This juvenile skull and jaws (repro- 

duced in our Fig. 208), referred to the same species as the 

Mastodon pentelicus Gaudry and Lartet, of Pikermi, serves to 

modify Schlesinger’s distinction of his subgenus Choerolophodon. 

Samos Sxuuti.—(Schlesinger, 1922, p. 142): “Ausser den 
schénen und iiberaus wertvollen Resten heimischer Mastodonten 

beherbergt die Sammlung der ung. geologischen Reichsanstalt 

auch einen recht guten Schiidel samt Unterkiefer von M. Pentelict 

aus den bekannten Pliozinlagen von Samos (Iny.-Nr. Ok/549). 

. . . Die Stosszihne sind als Stummeln entwickelt. Die Priimaxil- 

larteile, in welchen sie sitzen, sind zum Teil weggebrochen. Die 

Knochennihte sind nur schlecht und an wenigen Stellen sichtbar. 

. . . [p. 145] Doch illustriert und bestiitigt diese Ahnlichkeit der 
Verhiltnisse von einer ganz unerwarteten Seite meine Behaupt- 

ungen [Footnote: ‘F. E. Beddard: On the brain of the African 

Elephant, Proc. Zool. Soc. 1893, p. 311, Pl. xxm1. London, 1893.’] 



THE LONGIROSTRINA: TRILOPHODON (CHOEROLOPHODON) 

tiber die grundlegende Verschiedenheit hochdomiger und flach- 

domiger Proboszidiercranien. M. Pentelici gehort zu der Gruppe 

yon Riisseltieren, die sich durch einen ganz unerhért flachen und 

langgestreckten Schiidel auszeichnet. Aus dieser osteologischen 
Tatsache ist auch die schlanke und verhiltnismissig gestreckte 

Grosshirnform erklirlich. Wie diese Schidelform, so ist auch diese 

Art Hirnform als der urspriingliche Zustand aufzufassen. Die Ent- 

wicklungsmechanik des Proboszidiercraniums wird also auch von 

dieser Seite her in derselben Richtung beleuchtet, in die ich wieder- 

holt mit Nachdruck gewiesen habe . . . [p. 147] Die Inzisoren 

sind klein, schwach, abgerundet und stummelartig und trotz des 

héheren Alters des Tieres schwacher, als am Cranium B. Der m! 

{Dp*] ist auch hier aus einem grossen vorderen, an der Aussenseite 

AMER. MUS, 20703 

Mivx Dentirion or Rererrep TRILOPHODON 

(CHOEROLOPHODON) PENTELICUS 

Fig. 207. Superior milk dentition of referred Trilophodon (Choerolopho- 

don) pentelicus (Amer. Mus. 20703), from the island of Samos. Brown Coll. 

The trilophodont fourth superior milk premolar, Dp‘, resembles in meas- 
urement and form the corresponding milk premolar of Gaudry’s type of 

Mastodon pentelicus (Gaudry, 1862, Pl. xxn, fig. 2) reproduced in figures 196 

and 205 of the present Memoir. M! exhibits two large central conules in the 
median valleys. 
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gelegenen Hocker und einem eng angepressten kleineren innen 

zusammengesetzt. Riickwarts folgen wieder die beiden typischen 

kleinen Hiigel, deren innerer stirker ist. Ein Basalwulst ist vorne 

deutlich. Der m? [Dp* ] wiederholt die Merkmale der Wiener m’. 

Der Basalwulst ist kraftig, hinten zu einem machtigen Talon 

verstirkt, der aus vielen Mammillen besteht, die sich pratriterseits 

verdichten., Von den zwei Jochen hilt das erste die Querflaiche der 

Hirnnoble 

P. lorb. 

M. aud. 

Fig. 208. Referred juvenile cranium and milk dentition of Trilophodon 

(Choerolophodon) pentelicus from the island of Samos. After Schlesinger, 1922, 

Taf. xx, figs. 1, 2, and Taf. xx1, fig. 1, one-sixth natural size. The milk teeth 

(indicated in abbreviations as M1-M3) are: Dp?-Dp2, Dp*-Dps, Dp*-Dp,; Di? 
is also present. 

Observe the chcerodont and tuberculate condition of the surfaces of 

the grinding teeth compared with detailed drawing of grinders from the 

same geologic horizon of Samos (Amer. Mus. 20703), figure 207 opposite. 
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beiden Halften streng ein; beim zweiten ist der posttrite Halbteil 

stark nach hinten verschoben. Dadurch entsteht die seinerzeit oft 

besprochene eigenartige Alternation, die fiir m? dieser Art sehr 

bezeichnend ist. Der m'[{Dp‘] zeigt in typischer Entfaltung deut- 

lich das hervorstechendste Merkmal der Pentelici-Molaren: die 

W-férmige Anordnung der priitriten Haupthocker, welche durch die 

bedeutende Vordriingung der Sperrpfeiler entsteht. Der Talon ist 

hinten und vorne kriftig. Zement findet sich als typische Uber- 

lagerung des Schmelzes, wie immer bei dieser Art. . . . Die Molaren 
sind wieder vollig typisch. Erster Milchzahn ist der m:. Sein 

héchst eigenartiger Bau kehrt auch an diesem Rest charakteristisch 

wieder. An das lange, gequetschte Vorderjoch, welches aus zwei 

hintereinander gelegenen Héckern besteht, schliesst sich das zweite, 

aus nebengestellten Pfeilern zusammengesetzte. Ihm folgt der 

michtige, aber eng an das 2. Joch gedringte Talon mit seiner 

unregelmissigen Bildung. Der ms; ist typisch dreijochig, lang und 

schmal und zeigt pratriterseits wieder das sehr bezeichnende aus- 

gezogene ‘W’.”’ 
IncistvE Tusks (SCHLESINGER, 1922, pp. 153, 154):—‘‘Die 

choerodonte Reihe (M. Pentelici) zeigt zwar ein fir die J? sehr 

bezeichnendes Merkmal, die Kriimmung normal auf die gréssere 

Querschnittachse, doch sind von dieser Art ausgewachsene Formen 

zu wenig bekannt, als dass man mit Sicherheit auf die Verhaltnisse 

der J? dieser schliessen kénnte. Wir werden also gut tun, auch bei 

dieser Reihe, von welcher fiir unsere Gegenden bloss M. Pentelici 

in Betracht kommt, hinsichtlich der Bestimmung auf Grund von 

oberen Stosszahnresten sehr vorsichtig zu sein.” 

JUVENILE PALATE FROM Samos (AmER. Mus. 20703) 

The anterior portion of a young cranium (Fig. 207), part of 

the Samos collection made by Barnum Brown in the year 1924, 

reveals characters of the three superior intermediate molars, Dp*- 

M!', in which irregular conules are seen blocking the valleys; there 

is also an irregular disposition of the cones, quite distinct from the 

rounded and regular disposition of the cones and conelets in T7ri- 

lophodon angustidens of Simorre (Figs. 190, 191). These inter- 

mediate molars do not distinguish Choerolophodon as a subgeneric or 

side branch of the T'rzlophodon phylum. The fourth superior milk 

premolar, Dp? (Fig. 205), is closely comparable to that of Trilopho- 

don pandionis (Figs. 209, 210) of the Middle Miocene of Sind, 

and clearly distinguishes this animal from any member of the 

Tetralophodon phylum. 

These milk premolars should be compared with those shown 

in figures 176 (p. 234), and 177 (p. 235). Our present conclusion, 

from the evidence furnished by the juvenile specimens as figured 

above from Pikermi and Samos, is that they represent a Lower 

Pliocene stage of the genus Trilophodon Falconer. Consequently 

Mastodon pentelicus Gaudry should be written Trilophodon pen- 

telicus, the subgenus Choerolophodon Schlesinger being a synonym 

of the genus Trilophodon Falconer. 

9. ASIATIC SPECIES OF TRILOPHODON, CHIEFLY OF MIDDLE AND LOWER MIOCENE AGE 

For Grotocic Horizons AND FaunaL Lire Zones or INDIA, SEE CHAPTER X, FicureEs 413 ANnp 414, Paces 448 anp 449 

Previous to the time that Pilgrim joined the Indian Survey and worked in the field, all fossils in the collections 

of the British Museum and Calcutta Museum were designated simply as from the Siwalik Hills, from Sind, 

and from other general localities. Pilgrim’s field work (1905-1926) enabled him to make many new geologic 

subdivisions, and it is only by referring type specimens in the British and Calcutta Museums to topotypes found or 

located by Pilgrim and his associates, that we are able to establish the horizons of the original type specimens of 

Sind, the northern Punjab, and Baluchistan, as follows: 

Larkana District of Sind, India, ‘Lower Manchhar’ stage, Middle Miocene: 

Type of Mastodon (Trilophodon) pandionis Falconer, 1857. 

From near Kamlial, Salt Range, northern Punjab, India, Kamlial horizon, Middle Miocene (= ‘Lower 

Manchhar’ stage of Sind, India): 

Type of Mastodon (Trilophodon) angustidens var. palxindicus Lydekker, 1884. 

Gaj horizon of Kumbhi, ‘Bugti beds,’ Bugti Hills, Baluchistan, Lower Miocene: 

Type of Hemimastodon crepusculi Pilgrim, 1912; referred by Osborn to the Surna. 

Type of Trilophodon cooperi Osborn (first referred by Forster Cooper to Bunolophodon angustidens Lyd.). 

Chur-Lando horizon of the Bugti Hills, Baluchistan, Oligocene: 

Type of Baluchitheriwm osborni. No Mastodonts or Deinotheres. 

Mastodon (Trilophodon) angustidens var. paleindicus Lyd., type, from the ‘Lower Manchhars’ (Fig. 211), 

is only slightly more progressive than the molar referred by Forster Cooper to Bunolophodon angustidens [= Tri- 

lophodon cooperi Osb., type (Fig. 222)]; both exhibit four plus ridge-crests, with two cones on the rudimentary 

pentalophid, and thus correspond in character with the Trilophodon angustidens of Simorre (Fig. 195). 
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MASTopoNn PANDIONIS.—Hopwood (letter, Feb. 10, 1932) differs from all previous authors; he considers that: 

(1) The type (Fig. 210) of Mastodon pandionis Fale. is a true Trilophodon, but that most of the specimens 

referred by Lydekker are “‘referable to one or other of the species of Synconolophus”’ Osborn, 1929. 

(2) Mastodon angustidens var. paleindicus Lyd., 1884, is not related to M. angustidens at all, but is also an 

early term of the Synconolophus lineage. 

(3) Hemimastodon crepusculi Pilg., 1912 (Fig. 216), has affinities with Palexomastodon Andrews, 1901, of the 

Faydm, N. Africa, and Trilophodon cooperi Osb. from Baluchistan, named after Forster Cooper, and is related to, 

but more primitive than, the true M. angustidens of France. 

Hopwood regards the Gaj horizon of Baluchistan as slightly older than the Burdigalian of France and as 

containing mastodonts which wandered westward into the Sables de l’Orléanais, the true Lower Miocene of 

France. The beds of the Gaj horizon near Kumbhi (Lower Miocene) are about twelve miles southwest of the 

Bugti beds near Dera Bugti (Lower Miocene). See Pilgrim, 1912, Pl. xxx1. 

Trilophodon pandionis Falconer, 1857 
Figures 79, 209, and 210 

Larkana District of Sind, India, Lower Manchhar, Middle Miocene 

(=Kanmlial horizon of the Punjab). See figures 413 and 414 of the present 

Memoir verified by Pilgrim. 

Compare Mastodon (Trilophodon) angustidens var. palxindicus Lydekker, 
1884, from near Kamlial, northern Punjab, India. 

Syn.: Mastodon Andaranus Falc., 1868. 

Hopwood (letter, Feb. 10, 1932) observes that the type tooth 
is far too large (ap. 102 mm., tr. 60 mm.) for a Dp‘ and that it is 

more likely an M? than an M'; that the Larkana District of Sind 

is the probable locality. Most of the referred specimens which 

Lydekker (1886) described as M. pandionis belong rather to one 

Fig 7 

Fig 6 

Tyre Superior Morar (L.De*) or TritopHopon PANDIONIs Fale. 

Fig. 209. (Falconer) Type of Mastodon (Trilophodon) pandionis Falec., 

1857, two-fifths natural size. From the Larkana District, Sind, India, Lower 

Manchhar, Middle Miocene. Brit. Mus. 40818. After Falconer, 1868, Vol. 

I, Pl. xxx1y, figs. 6, 7: ‘‘Two views, in plan and profile, of the antepenulti- 
mate upper left molar [M'] of Mastodon (Trilophodon) Pandionis. The speci- 
men thus identified in Dr. Falconer’s handwriting was found in his private 
collection, and has been deposited in the Paleontological Gallery of the British 
Museum.” Lydekker (1885, p. 99): ‘The original is probably from Sind .. . 

and is figured in the ‘Pal. Ind.,’ ser. 10., vol. iii., pl. v., fig. 5.” 

Fig. 210. (Lydekker). Type of Mastodon (Trilophodon) pandionis Falc., 
1857 (M!, fide Pilgrim, 1913, p. 292). After Lydekker, 1884.2, Pl. v, fig. 5. 
Reproduced as a superior figure to that of Falconer (1868, Vol. I, Pl. XXXIV, 

figs. 6, 7). Reduced to one-half natural size. 

or other of the species of Synconolophus |ef. Figs. 623, 625, 1.M? 

of S. pltychodus}. 

Falconer’s first mention of this species (1857, p. 317) is as 

follows: ‘‘The most complex crowns are presented in the Tri- 

lophodons by M. (Triloph.) Pandionis (an Indian fossil species 
recently discovered and as yet undescribed).” The following 

is his definition of Trilophodon (op. cit., p. 316): “Subgenus 1. 

TriLopHopon.—Dentium molarium 3, utrinque intermediorum 

coronis colliculis 3.” In this same paper (table opp. p. 319) he 

ranges this animal under the subgenus T'rilophodon as follows: 

“7. M. (Triloph.) Pandionis . . . Pliocene? . . . Southern 

India . . . Imperfectly known, but very distinct as a species; is 

the only Indian Trilophedon.” Consequently Mastodon (Trilo- 

phodon) pandionis Falc., 1857, is the first species of Trilophodon 

described from India. 

If Lydekker (1885, p. 99) is correct in attributing the type 
specimen (Figs. 209, 210) to Sind, it is probable that it came 

from the Larkana District, of Middle Miocene age, and should 

be compared with the corresponding grinders of Trilophodon 

angustidens from Sansan (Fig. 196 of the present Memoir); 

the species M. (Triloph.) Pandionis Falconer, 1857, may preoc- 

cupy the species M. [= Trilophodon] angustidens var. palxindicus 

Lydekker. 

Osborn (1935) compares Faleoner’s type (Figs. 209, 210) 

of M. pandionis (ap. 102 mm., tr. 60 mm.) with the Dp‘ of Gaudry’s 
M. pentelict and of M. angustidens (Fig. 196); also with Osborn’s 

Dp! (ap. 74 mm., tr. 52 mm.) or M! (ap. 91 mm., tr. 62 mm.) of 

Trilophodon (Choer.) pentelicus (Fig. 207) of Samos. In Osborn’s 

opinion Faleoner’s type is a fourth left superior deciduous premolar, 

1.Dp*; it lacks ‘central conules.’ 

M. (Triloph.) Pandionis Faleoner. ‘‘On the Species of Masto- 

don and Elephant occurring in the fossil state in Great Britain. 

Part I. Mastodon.’ Quart. Journ. Geol. Soc. London, XIII, 1857, 

p. 317, table opp. p. 319. Typr.—(Faleoner, 1868, Vol. I, 

p. 124): ‘The principal piece is a penultimate molar, upper jaw, 

left side [I]. Dp*], so determined from comparison with a germ 

specimen from M. Lartet of an antepenultimate.” Hori- 

ZON AND Locauity.—[Error] Deccan, India, see Falconer, 1868, Vol. 

I, p. 124. Lydekker (1884.2, p. 29) corrects Falconer and states 
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regarding the type (Brit. Mus. 40818) that “in Sind the remains of 

M. pandionis occur in the lower Siwaliks; and that no strata equiva- 

lent to the Siwaliks are known in southern India.” On page 29 

also occurs the following footnote: “It is just possible that the 

confusion may have arisen in the following manner:—It was known 

that Col. Sykes obtained a large collection of mesozoic fossils from 

the Deccan, and if the mastodon remains were not fully labelled, 

nothing is more likely than that they should have been assigned to 

the same locality.’”’ Again Lydekker (1886.1, p. 38) gives the type 

locality as “the Lower Siwaliks of Sind, India, or the regions to the 

north.” Probably the correct horizon and locality are as follows: 

Lower Manchhar, Middle Miocene, Larkana District, Sind. 

Type Ficure.—Falconer, 1868, Vol. I, Pl. xxxtv, figs. 6 and 7. 

Type Description.—(Falconer, 1868, I, p. 124): ‘(Extracted 

from Note-Book: 24th December, 1856.) No. 1.—The principal 

piece is a penultimate molar, upper jaw, left side; so determined 

from comparison with a germ specimen from M. Lartet of an ante- 

penultimate. The crown of the tooth is perfectly entire, the front 

ridge alone being a little touched by wear on the inner side; but 

the fangs and base of the tooth are broken off right across on a line 

with the termination of the enamel shell. It exhibits three well- 

defined ridges, with a thick strong front talon, and a hind talon 

confluent with the last ridge. It is a true and unmistakeable 

Trilophodon—the only one yet yielded by India, and very different 

in its crown characters from all the Sewalik, Ava, or other fossil 

Mastodons of the East.’’ There follows a long and very detailed 

description beginning (p. 124) ‘‘The general form of the crown re- 

sembles very strongly that of Triloph. angustidens,” and ending 

(p. 125) ‘‘The posterior talon consists of a cluster of indistinct con- 

fluent tubercles thrown off from the posterior part of the inner 

tubercle of the last ridge, and so adpressed to the ridge that it does 

not yield the defined and separate appearance seen in the talon of 

Triloph. angustidens. After a little wear, the posterior talon would 

be involved in the dise of detrition of the last ridge.” 

This detailed description leaves no manner of doubt that figure 

209 above (Brit. Mus. 40818) is Falconer’s type of Mastodon (Tri- 

lophodon) pandionis. 

LypEKKER, (1884-1886).—This “true and unmistakeable 

Trilophodon” of Falconer was first regarded by Lydekker (1884.3, 

p. 153) as an ancestor of Mastodon perimensis and M. sivalensis. 

Subsequently (1886.1, pp. 37, 38) it was compared by Lydekker 

with the type milk dentition of M. pentelicus Gaudry: ‘‘The third 

milk-molars provisionally referred to it are more complex than is 

usually the case with trilophodont species, and in this respect agree 

with those of M. pentelici; . . . It differs from ™"“ of M. pentelici 

by its taller and more nearly vertical ridges and by the greater 

blocking of the valleys, in consequence of which the crown surface 

of the first two inner columns forms a distinct W.” 

Osborn, 1924: This deciduous type (Brit. Mus. 40818), con- 

sidered by Falconer as a “true and unmistakeable T'rilophodon,”’ 

was rightly compared by Lydekker (1886.1, p. 37) with the fourth 

deciduous premolar of Mastodon pentelicus Gaudry. On the other 

hand, Pilgrim (1913, p. 292) first observed: “‘The type of Tetra- 

belodon pandionis is an upper first molar, of which the locality is 

not precisely known but which Lydekker considers with a fair 

show of probability to have come from Sind.” 

PROBOSCIDEA 

Trilophodon palwindicus Lydekker, 1884 

Figures 211, 220, 222, 300 

From near Kamlial, Salt Range, northern Punjab, India, Kamlial hori- 

zon, Middle Miocene (-=‘Lower Manchhar’ stage of Sind). 

Hopwood (letter, Mar. 5, 1929) regards the species Mastodon angustidens 

var. paleindicus as a synonym of M. pandionis; he suggests (letter, Feb. 10, 

1932) that it is “the earliest term of the Synconolophus lineage.” 

Osborn (1932) observes that the type M; of Mastodon pale- 

indicus is more primitive, far simpler, less chcerodont, less dis- 

located, less warped, than the types of Synconolophus ptychodus 

(Fig. 623), of Syn. hasnoti (Fig. 622), and of Syn. corrugatus (Fig. 

622). It exhibits rudiments of double internal trefoils, lacking in 

Syn. hasnoti; it therefore resembles Tetralophodon falconeri (Fig. 

309) and 7. longirostris (Fig. 315) more closely than any known 

species of Synconolophus. The ridge-crests are less warped than in 

Anancus arvernensis (Fig. 600). It agrees with the progressive species 

Trilophodon chinjiensis (Fig. 218 A2) of the Lower Chinji horizon; 

it is much more progressive than the typical 7. angustidens. 

Osborn (1935) determines Lydekker’s ‘Mastodon’ palx- 

indicus as probably synonymous with Falconer’s ‘M.’ (Tril.) 

pandionis, of Middle Miocene age; he also regards Trilophodon 

palxindicus as a true Longirostrine, not to be confused with the 

Brevirostrine Synconolophus. 

TRILOPHODON PAL#INDICUS Type. FROM NEAR KAMLIAL, 

Punsas, Mippte Miocenr = Lower MaNcHHAR 

Stace or Sryp. SEE auso paces 270, 271 

Fig. 211. Type right M3 of Mastodon (Trilophodon) an- 

gustidens var. palxindicus Lydekker, 1884, Pl. 1v, fig. 3, one- 

half natural size. From near Kamlial, northern Punjab, 

India, Middle Miocene. Cast Amer. Mus. 9905, exchange 

Calcutta Museum. Observe that the third inferior type 

molar of T. angustidens palzindicus is much more progressive 
than the referred inferior molar (Fig. 195) of T. angustidens 
of the Middle Miocene of Simorre. (Lydekker, 1885, pp. 

101, 102): M2, Ind. Mus. A.425, in association with the type 
right Msg, Ind. Mus. A.426, PI. rv, fig. 3. Central conules, a,a,a. 

Compare new type figure (Fig. 222, p. 276). 

Typu.—Lydekker’s type (1884.2, Pl. rv, fig. 3) of this species, 

palxindicus, isa third right lower true molar in the Indian Museum 

of Calcutta (A.426), associated with a second left upper true molar 

(op. cit., Pl. 1v, fig. 2), Ind. Mus. A.425. Lydekker concludes a 
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very long description (op. cit., p. 19, ‘Species 1: Mastodon (Tri- 

lophodon) angustidens, Cuv. Var. palzindicus, nobis’’) and com- 

parison with M. angustidens (pp. 20, 21) and with other Indian 

specimens (pp. 22-27), finally observing (p. 28): ‘“Summary.— 

As the result of the foregoing comparisons it appears that the 
present species of mastodon is specifically distinct from both the 

other Siwalik trilophodons; but that it agrees so closely with the 
European M. angustidens that there seems no alternative but to 

refer it to the same species. Since, however, there appears a 

tendency in the Indian form to a slightly more complex structure 
of the molars, and to a greater curvature of the borders of the crown 

of ;,3, it may be advisable to mark this local variation by distin- 

guishing the Indian race under the name of M. angustidens, var. 
paleindicus. (Footnote: ‘The term indicus would have been 
preferable, but as the writer is persuaded that the elephants and 
mastodonswill eventually have to be united in one genus, it might 

lead to confusion.’].’’ 
Grotocic Levey.—Lydekker (1884.2, p. 1) states that ‘the 

whole of the specimens . . . forming the subject of the present 
memoir were collected in 1882 by Mr. W. T. Blanford from the 

lower Siwaliks, or Manchhars, of the extreme western side of India; 

the two most important localities being Gandoi, in the Bugti Hills, 

north of Jacobabad, in Sind; and Dera Bugti, on the north-eastern 

frontier of Balichistan.”’ Lydekker gives Dera Bugti as the type 

locality of his ‘Mastodon’ palxindicus, but according to Pilgrim it 

is from the Lower Manchhar zone, Middle Miocene. As described 

(1922) by Forster Cooper! in his “Miocene Proboscidia from 

Baluchistan,” his numerous referred specimens are also from 

‘Dera Bugti, Baluchistan,’ but they are probably of Lower 

Miocene age. Below the ‘Bugti’ are the ‘Chur-Lando’ beds, 

Upper Oligocene, containing Baluchitherium osborni (Fig. 413). 

Mastodon (Trilophodon) angustidens, Cuvy. var. paleindicus 

Lydekker, 1884. ‘‘Additional Siwalik Perissodactyla & Probo- 
scidia.’’ Pal. Indica, Ser. X, Vol. III, pp. 19-29. Typr.—A third 
lower molar of the right side, r.M;. Original in Indian Museum 

(No. A.426); cast Amer. Mus. 9905; in association with this third 

right lower molar was a second upper molar (Ind. Mus. 

A.425). Horizon AND Locauiry.—From near Kamlial, 

Salt Range, northern Punjab, India. Kamlial horizon, Middle 

Miocene. Tyre Ficure.—Lydekker, 1884.2, Pl. rv, fig. 3; 

associated molar, fig. 2. 

Tyre Descriprion.—(Lydekker, 1884.2, pp. 19-21): ‘This 

tooth [third lower molar of the right side, Pl. rv, fig. 3], which is in an 

intermediate stage of wear, was associated with the second upper 

true molar represented in figure 2 of the same plate; it carries four 
transverse ridges and a talon (ta); from which circumstance, 

together with the shape of the crown, and the concave form of the 

worn masticating surface, it is evidently the last lower molar of a 

trilophodont mastodon. . . . Compared with the last lower molar 

of M. angustidens the present specimen agrees very closely. A 

tooth of that species figured by H. von Meyer [Footnote: ‘Palionto- 

graphica, vol. XVIL., pl. vu., figs. 3 and 4.’] is of precisely the same 

size, and has the same general contour of the crown, with the excep- 
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tion that the borders of the crown are less curved: and in other 

Juropean specimens . . . these borders are still less curved. The 

arrangement of the ridges, and the form of the transverse valleys, 

is exactly the same in the two; and there are the same blunt 

tubercles at the outer extremities of the transverse valleys. The 

hind talon of the European tooth is, however, more detached; and 

consists of only one column. The most important difference 

between the two teeth consists in the greater development of the 

posterior accessory columns (a) in the Indian tooth. In the 

European tooth these are not larger than the anterior accessory 

columns (b), and do not extend on the outer side of the median 

longitudinal fissure; this causes the blocking of the middle of the 

transverse valleys to be less complete than in the Indian tooth... . 

It appears, therefore, that the differences between the present 

specimen and the last lower molar of M. angustidens are scarcely, 

if at all, greater than those occurring between different European 

specimens cf the latter; and it thus seems probable that at the 

most they should be reckoned merely as of varietal value. The 

greater development of the accessory columns in the Indian tooth 

is a step from the typical form of M. angustidens towards the more 

complex tooth of M. pandionis.”’ 

Fig. 5. 

Mastodon angustidens, var. paleindicus.—The fourth left lower milk-molar ; 

from the Lower Siwaliks of Dera Bugti, north-west frontier of India. }. 

Indian Museum, Caleutta, No. A 422. 

Fig. 212. Referred lower molar (1. Me) of Trilophodon palzxindicus 

from near Kamlial, northern Punjab, India, Lower Manchhar, Middle 

Miocene. After Lydekker, 1886, p. 33, fig. 5. Natural size. 

Hisrory or Oprnion.—The type of this important subspecies 

from near Kamlial, northern Punjab, is regarded by Lydekker as 

very close to Trilophodon angustidens and by Cooper (1922) as a 

variation of 7’. angustidens. From Lydekker’s type r.M; (Fig. 211), 

there can be no doubt that Mastodon angustidens var. palexindicus 
belongs in the true Trilophodon phylum. The history of this 

specimen is as follows: 

Forster Cooper (1915-1923).—In 1915, p. 410, this author 

wrote as follows': ‘Pilgrim [Footnote: ‘Pal. Ind. n.s. vol. iv. 

memoir 2.’] has suggested that the teeth described by Lydekker 

[Footnote: ‘Pal. Ind. (10) vol. iii. pl. rv. fig. 3.’] from this locality as 

Tetrabelodon angustidens, var. palxindicus, really belong to Hemi- 

mastodon. That this surmise is correct is proved by the fact that 

the third lower molar of the first jaw mentioned above is the same 

'The reader is warned that pages 266-271 were written from the older texts of Lydekker and Forster Cooper, before the primitive Trilophodon cooperi Osb. 

(=Bunolophodon angustidens ref. of Cooper), of the Bugti beds, was clearly distinguished from the more recent and more progressive 7’. palwindicus Lyd. 

of the Kamlial, Salt Range, northern Punjab, as figured (Figs. 222, 223) and described below under Trilophodon cooperi Osb. (pp. 275-278). 
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as the tooth figured by Lydekker . . . as belonging to the variety 

of T. angustidens [var. paleindicus}.” Forster Cooper wrote in a 

letter, October 4, 1923: “I cannot see in any of these teeth much 

promise of 4 future arvernensis-anancus pattern even in embryo. 

Incidentally I am not clear as to the mechanics by which this 

peculiar interdigitation of the ridges arose (has the acquisition of 

a curvature of the tooth anything to do with it or is it the growth of 

the intermediate cusp, or both acting together?), but I notice that 

this alternation of ridges is most marked at the front end of the 

teeth in question and least of all at the posterior end and talon [as, 

e.g., Schlesinger, Geol. Hung., Tome II, fase. 1, plate rx, fig. 6]. 

In the Indian forms the front ridges are very straight and the hinder 

ones curved; just the reverse, and even then not so as to suggest 

alternation.” 

TRILOPHODON COOPERI OF THE Buctr Horizon, Lownr 

Miocene, Buerr Hiuus, BALUcHISTAN 

After drawings sent to the present author by C. Forster Cooper 

One-half natural size 
Fig. 213. (Upper) Trilophodon cooperi. Referred third 

right lower molar, r.M3, a surface collected specimen from 

near Dera Bugti, Baluchistan, Lower Miocene, in the British 

Museum. Cast Amer. Mus. 27014. Compare “Bunolophodon 
angustidens,”’ Cooper, 1922, text fig. 4. 

(Lower) Trilophodon cooperi. A third right lower molar, 
r.M3, referred by Cooper to ‘‘Bunolophodon angustidens,”’ 

1922, Pl. nu, fig. 1, also text fig. 3, in the British Museum. 

Cast Amer. Mus. 27013. Compare Trilophodon cooperi 
type (Fig. 222, p. 276). 

TRILOPHODON COOPERI REFERRED FROM 
THE LOWER MIOCENE 

Lower Miocene, Bugti Hills, near Dera Bugti, and Gaj horizon, Bugti 
Hills, near Kumbhi, Baluchistan. 

Osborn, 1932: The referred Bugti Hills molar, M; (Fig. 213), - 

closely resembles in form and size the typical ‘Mastodon’ angustidens 

of the Middle Miocene of Simorre (Fig. 195); it is much simpler 

and more primitive than the type of ‘M.’ palxindicus (Fig. 211). 

The presence of an ancestral stage of ‘M.’ angustidens in the Bugti 

beds horizon near Dera Bugti is confirmed (Cooper, 1922) in a 

palate (Brit. Mus. M12179, cast Amer. Mus. 5211) and jaw 

(Brit. Mus. M12181, cast Amer. Mus. 5205) in the Forster Cooper 

Coll. of the British Museum. This stage has been designated by 

the specific name Trilophodon cooperi, a stage which seems to be 
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quite similar to Trilophodon inopinatus of the Jilanéik horizon of 
Turgai (Fig. 224A, B, C, p. 278, below). 

Hopwood (letter, Feb. 10, 1932) regards the so-called 

Trilophodon angustidens from the Gaj (Bugti beds) of Baluchistan 

as of slightly greater geologic age than the Sables de l’Orléanais 
type of the Burdigalian of France. 

COMPARISON OF 

LOWER AND MIDDLE MIOCENE TRILOPHODONTS 

LYDEKKER, Cooper, OsBorn, 1886-1915-1922-1935.—The 

presence in Miocene beds of a referred T’rilophodon related to T. 

angustidens is indicated, however, in a molar from near Kamlial, 

northern Punjab, referred by Lydekker, (1886, p. 33, fig. 5 —our Fig. 

212) to ‘M.’ palxindicus, also in specimens subsequently described 

(1922) by C. Forster Cooper from the Bugti beds. As compared 

with figure 194, reproduced from Lydekker’s Memoir of 1886, this 

referred Trilophodon tooth (Fig. 212) is probably a left lower 

Fig. 6. 

Mastodon angustidens, var. paleindicus.—The first and second ridges of the 
first right lower true molar, in a half-worn condition; from the Lower 
Siwaliks of Sind or the regions to the north or west. +, (From the 
‘ Palxontologia Indica.’) 

Fig. 214. Referred superior molar fragment, r.M!(?), of Trilophodon 
cooperi, from near Dera Bugti, Bugti Hills, Baluchistan, Middle Miocene. 

After Lydekker, 1886, p. 34, fig. 6, natural size. Brit. Mus. 40788. 

Compare this tetrabunodont fourth superior true premolar with 

(1) the fourth superior premolar type of Mastodon [=Serridentinus] 

proavus Cope (Fig. 363), with (2) the fourth superior premolar, P‘, 

of Serridentinus serridens (Fig. 390), also (3) with the tooth referred 

by Lydekker to (?) Mastodon pandionis (see Fig. 215 below). 

Fig. 7. 

? Mastodon pandionis.—The fourth right upper premolar; from the Lower 
Siwaliks of Dera Bugti, north-west frontier of India. +. Indian Museum, 

Calcutta, No. A 432. (From the ‘ Palzontologia Indica. ) 

Fig. 215. Fourth right superior true premolar, P‘, natural size, of 
Trilophodon coopert, erroneously referred by Lydekker to (?) Mastodon 

pandionis. From near Dera Bugti, Bugti Hills, Baluchistan, Middle 

Miocene. After Lydekker, 1886, p. 37, fig. 7. 
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molar, 1.M». The index 58, however, is much lower than that in 

the typical M, from Simorre, namely, 65-68; in other words, 

this tooth is relatively narrower than the corresponding teeth of the 

typical T. angustidens. We would not venture, therefore, to 
determine its position without first examining the original specimen. 

Osborn observes also that the smooth surface of this tooth re- 

sembles the adult M, rather than the crenulated Dp‘ from Sansan; 
in other words, this Bugti animal is certainly related to 7. angusti- 

dens, but the tooth is relatively narrower and consequently of a 

more progressive type. One other specimen (Fig. 214), referred 

by Lydekker to the species ‘Mastodon’ palexindicus, appears to 
belong to Trilophodon coopert. 

C. Forster Cooprr, 1915, 1922.—C. Forster Cooper (1915, 

1922) describes the proboscidean remains he obtained during 

his two expeditions to the Lower Miocene deposits in the Gaj 
beds of Baluchistan. He regards all the specimens he found, after 
close comparison with those from Simorre and Sansan, as belonging 

to the same stage of evolution, namely, to T’rilophodon (Buno- 

lophodon) angustidens; he considers Lydekker’s type specimen of 
var. palzxindicus, from Kamlial, northern Punjab, as also belonging 

to the same species and not to Anancus palxindicus as Osborn had 

suggested. It is interesting to test this difference of opinion by the 

indices and by comparison side by side of Forster Cooper’s excellent 

figures. 
Breadth-length index of Lydekker’s type of Mastodon [ = Trilo- 

phodon| angustidens var. palxindicus: 

Ms: length 148 mm., breadth 63 mm., index 43. 

Breadth-length index of Forster Cooper’s Bunolophodon 
angustidens [=Trilophodon cooperi Osb.]: 

M;: length 147 mm., breadth 63 mm., index 43. 

This breadth-length index of the third lower molar of 

(Bunolophodon) angustidens from Dera Bugti is exactly the same 

as that in the average M; of the seven Simorre, Sansan, and 

Tournan specimens of 7’. angustidens in the Paris Museum. The 

breadth-length index in Lydekker’s type of 7. angustidens palx- 
indicus is 43, which agrees with the Paris specimens from Simorre. 

Osborn, 1923: The type tooth of T. angustidens var. palzx- 

indicus (Fig. 211) from near Kamlial and the teeth referred to 

the species Trilophodon angustidens do agree very closely in actual 

measurements and indices with the typical specimens from the 

Middle Miocene of Sansan and Simorre and demonstrate that 
the Bugti beds contain quite abundant representatives of the 

true Trilophodon angustidens phylum. As Forster Cooper con- 

cludes (1922, p. 620): “The teeth are the average size of B. angus- 

tidens. Whether they represent another form or are within the 
range of variation of the latter species cannot at present be told.” 

Osborn, 1935: The above teeth are redescribed as Trilo- 

phodon cooperi Osborn from the Bugti horizon (Figs. 213, 222, 223) 

and Trilophodon palwindicus Lydekker from the Kamlial horizon 

(Figs. 211, 212). 

{Hemimastodon crepusculi Pilgrim, 1912=Surna] 

Figure 216 

Lower Miocene, Gaj zone of Kumbhi, Bugti Hills, Baluchistan. 
Compare Conohyus, Tetraconodon, Sivacherus, and Propotamocherus 

(Pilgrim, ‘“The Fossil Suid of India,” 1926). 

The type (Fig. 216) of Tetrabelodon (Hemimastodon) cre- 

pusculi Pilgrim, 1908, 1912, is probably a third left superior 
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molar, 1.M%, of one of the Suoids, or of the piglike Artiodactyls 
or bunodont Anthracotheres. 

The type is not clearly designated in the original type descrip- 

tion cited below. In the second mention (Pilgrim, 1912, p. 17) we 

read: ‘‘ The specimens, on which this species is founded, are two 3rd 

upper molars, embedded in very fragmentary maxille. Associated 

with them was found a portion of a lower molar, probably the 

2nd. . . . [p. 18] The type specimen is figured in Pl. rv, fig. 5. 

Its narrowness behind, shows that it must be the last of the 

molar series. It consists of three transverse ridges and a minute 

talon.” This figure is reproduced herewith in the present Memoir 
(Fig. 216). 

Tetrabelodon crepusculi Pilgrim, 1908. “The Tertiary and 

Post-Tertiary Freshwater Deposits of Baluchistan and Sind with 

Notices of New Vertebrates.” Rec. Geol. Surv. of India, Vol. 

XXXVII, Pt. 2, p. 157. 

Type oF HEMIMASTODON CREPUSCULI [=SurNa], Gas or KumBut, 

Bueti Hiuis, Batucuistan, Lower M1ioceNE 

Fig. 216. Type of Hemimastodon crepusculi Pilgrim, 1912, Ind. Mus. 

A.446; M® described (Pilgrim, 1912, explanation of Pl. rv, fig. 5) as: “3rd 

left upper molar, surface view. From the Gaj of Kumbhi, Bugti Hills. 
(Ind. Mus., No. A 446.) Page 17.’’ Natural size. This specimen compares 

exactly with the measurements given on page 21 of the same Memoir, namely, 
M®, length 93 mm., breadth 62 mm. 

OrictnaL Type Description oF T. cREPUSCULI.—(Pilgrim, 

op. cit., 1908, p. 157): “The mastodon teeth contained in my collec- 

tion are those of a trilophodont species, undoubtedly nearer to 

Mastodon falconeri Lyd. than to anything else. It differs unmis- 

takeably from that species in the far more open nature of the 

valleys, which are not blocked by accessory columns, by the 

simpler talon and by the more prominent cingulum on all sides of 

the teeth. To this species is referred a maxilla with a small slightly 

worn tooth 58 mm. long preceded by a much worn tooth 34 mm. 

long and by an empty alveolus. I see no sign of premolars to 

succeed them, but all the same it is not unlikely that they are milk 

teeth, which from their size and general character they might well 

be.” 
Hemimastodon crepusculi Pilgrim, 1912, p. 17. “The Verte- 

brate Fauna of the Gaj Series in the Bugti Hills and the Punjab.” 
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Pal. Indica, N.S., Vol. IV, Mem. 2, p. 17. Typr.—Third 

left superior molar, 1.M%, Ind. Mus. A.446. HORIZON AND 

Locatiry.—Lower Miocene; Gaj zone of Kumbhi, Bugti Hills, 

Baluchistan. Typs Ficure.—Pilgrim, 1912, Pl. rv, fig. 5. See 

also Pl. 1v, figs. 6-9, and Pl. 111, fig. 4. 

Forster Cooper, 1922, p. 613.—Hemimastodon a Synonym. 

“Tt may be stated at this point that no part of the material in 

the present collection gives any evidence in support of the genus 

Hemimastodon {Footnote referring to Pilgrim, ‘Paleontologia 

Indica,’ N.S., Vol. IV, Pt. 2, p. 17 (1912).], which was originally 

described from specimens from the same beds in Baluchistan. . . . 

If Pilgrim’s specimen be an entire one, there remain alternative 
explanations. Hither it is an abnormal specimen, or Pilgrim was 

correct in making a generic distinction for it and keeping it apart 

from the genus Bunolophodon. In neither case is there any proof 

for or against his view, except the negative evidence of two seasons’ 

collecting over the same ground, which has produced nothing to 

confirm the genus Hemimastodon, while the more ordinary varia- 

tions of Bunolophodon angustidens occurred in fair quantity.” 

Sreconp Description or H. crepuscuLi (Pinar, 1912, Pp. 

18).—This is a very full and detailed description of the type third 

superior molar reproduced herewith (Fig. 216). 

REFERRED LEFT Dp! or TRILOPHODON SP. OF THE GAJ 

Fig. 217. An 1.Dp! referred by Pilgrim to Hemimastodon crepusculi, 

after Pilgrim, 1912, Pl. m1, fig. 4: ‘‘The 3rd left upper milk molar. From the 

Gaj of Kumbhi, Bugti Hills (Ind. Mus., No. A 449). Page 20.” Natural 

size. 
Osborn (1927) accepts the opinion of Forster Cooper and of Schlesinger 

(1917, p. 48) and regards this tooth as a fourth superior milk premolar, Dp’, 

of the left side. We may therefore compare this milk tooth of T'rilophodon sp. 

of the Gaj with our figure 196 above reproduced from Gaudry’s “ Les Enchaine- 

ments du Monde Animal” of 1878, Fig. 239, a fourth superior milk molar of 

Mastodon angustidens; the proportions are not quite the same, the M. angus- 

tidens tooth, Dp’, of Sansan, being relatively more elongate than the Dp! of 
the present figure. 

Referred by Pilgrim to the same species from the Gaj of 

Kumbhi, Bugti Hills, are specimens figured in PI. tv, figs. 6, 7, 8, 

8a, and 9, namely, a right inferior molar, r.M2 (Fig. 6), a right 

inferior premolar, r.P, (Fig. 7), a right inferior premolar, r.P; (Figs. 

8, 8a), and two superior milk molars, Dp*, Dp‘ (Fig. 9), all natural 

size. See also Pl. m, fig. 4, showing a left superior milk molar, 
Dp* (Fig. 217 of the present Memoir). From the same locality, 

“Gaj of Kumbhi, Bugti Hills,’’ oceur two specimens of Deino- 

theriwm indicum var. gajense. Also two specimens from the Gaj 

of Chur-Lando,! Bugti Hills, all figured on Plate rv. 

In Pilgrim’s full description of the type and referred specimens 

(1912, pp. 18, 19, 20) he describes in detail these superior and 
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inferior molar and premolar teeth, and concludes (pp. 20, 21): 

“ Remarks.—It is clear that the simplicity of structure of the teeth 

of this species distinguishes it from all known species of Tetra- 
belodon [Trilophodon| and it is unnecessary to institute more minute 

comparisons. It approaches Palzomastodon in certain respects, but 

is less primitively constituted. It seems necessary to make it the 

type of a new genus, which is at an evolutionary stage midway 

between Palzomastodon and Tetrabelodon.” 

Hopwood (letter, Feb. 10, 1932) supports Pilgrim’s original 

reference, as follows: ‘‘The holotype is an upper molar which, as 

Pilgrim (1912, pp. 20, 21) has already pointed out, has affinities 

with Palxomastodon. . . . In this case it seems advisable to leave 

the species [Hemimastodon crepusculi Pilgrim] where the author 

originally placed it, for that is the position indicated by the re- 

semblances in tooth structure.” 

Dr. W. D. Matthew writes (May 19, 1927): “I think you are 
very likely right in referring Hemimastodon type to the Suoids or 

the bunodont Anthracotheres. There is a big, almost bunodont 

Anthracothere in the Bugti fauna, M* unknown, but it would be 

pretty near to this size, and the characters are not far off.” 

Osborn, 1932: The triangular form and simple bunodont struc- 

ture of the type (Fig. 216) when compared with the numerous 

excellent figures in Pilgrim’s Memoir ‘‘ The Fossil Suide of India,” 

1926, Pls. 1-xx, appear remotely to relate Hemimastodon crepuscult 

to the section Suina of the piglike Artiodactyls; compare Pilgrim, 

op. cit., Pl. 1, fig. 11 (Conohyus), Pl. ut, fig. 1b (Tetraconodon), 

fig. 3 (Sivacherus), Pl. v (Tetraconodon), Pl. rx, fig. 3 (Propota- 

mocherus). 

Trilophodon chinjiensis Pilgrim, 1913, Osborn, 1932 

Figures 218, 222, 300 

Mio-Pliocene, Lower Chinji, more recent than Simorre, Sansan, St. 

Gaudens, of the present Memoir. Holotype found two miles west of Chinji 

Bungalow, India. 

Name only. Tetrabelodon angustidens var. chinjiensis Pilgrim, 

1913. “The Correlation of the Siwaliks with Mammal Horizons 

of Europe.” Ree. Geol. Surv., India, Vol. XLIII, Pt. IV, 1913, p. 

316. The present author has been unable to find any type descrip- 

tion or type figure by Pilgrim but takes great pleasure in publishing 

the accompanying figure (Fig. 218) and description dedicating the 
holotype (Amer. Mus. 19421) to his friend Dr. Guy E. Pilgrim. 

Associatep Fauna OF THE Lower Curinu1.—(Cf. Pilgrim, 

1913, p. 316, Fig. 413 of present Vol. I, also Geologie Table by 

Pilgrim and Osborn in Vol. II) Tetrabelodon angustidens var. 

chinjiensis type, [?]Tetrabelodon [= Trilophodon] macrognathus ref., 

Deinotherium pentapotamize type, D. indicum ref., Serridentinus 

browni type, Aceratherium tetradactylum, A. perimense, Amphicyon 

giganteus, A. palxindicus, Teleoceras blanfordi var., Phyllotillon sp., 

Microbunodon  silistrense, Hemimeryx pusillus, Hyotherium 

sindiense, Listriodon pentapotamix, Dorcabune anthracotheroides, 

Dorcatherium minus, Propalxomeryx sivalensis. 

Seeciric CHaracters.—Distinguished (Fig. 222) from the 

typical Trilophodon angustidens of Simorre and Sansan and from 

the T. angustidens paleindicus (Fig. 211) from near Kamlial, 

northern Punjab [=‘Lower Manchhar’ stage of Sind], also from 

the Trilophodon sp. (Fig. 217) of the Gaj horizon of Kumbhi, 

‘Cuur-Lanpo (Fig. 221, p. 275).—(Forster Cooper, letter, May 29, 1935): No specimens of Deinotherium or Mastodon occurred in the Baluchitherium bed 
at Chur-Lando. Beside Baluchitherium the bed yielded Hemimeryz, the advanced anthracotheres Gelasmodon, Merycops, rhinoceroses such as Aceratherium abeli, 
and lower jaws of a Chiloiherium. 
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Lower Miocene, by the presence of five and a half ridge-crests in __conules in the center of the crown, but a rudiment of an internal 

the third inferior molars, as shown in the holotype (Fig. 218 A2, trefoil is observed in the proto- and metalophids, the two anterior 

r.M;); these grinders possess external trefoils and four central  ridge-crests. Consequently Trilophodon chinjiensis appears to be 

CoMPARATIVE MEASUREMENTS IN MILLIMETERS 

Trilophodon angustidens gaillardi type Trilophodon chinjiensis holotype 

Cast Amer. Mus. 21904 Amer. Mus. 19421 

Total length of jaw, condyles to tip of symphysis 1495 1435 
Greatest width of jaw at terminal symphysis incomplete 139 

Total length of symphysis 831 782 

Total length of r.M; 190 178 

Width of r.Ms 74 72 
Breadth-length index of r.M; 39 40 

TRILOPHODON ANGUSTIDENS’) GAILLARD! 

Lyons Mus. Type 

Drawn from cast of type Amer: Mus. 2/904 

Jaws % ral size 

TRILOPHODON CHINJIENSIS 

Amer: us. 1942, 

Fig. 218.—Tyrr or TRILOPHODON ANGUSTIDENS GAILLARDI OsBorRN, 1929, AND HoLotyre or TETRABELODON 

[=TRILOPHODON] CHINJIENSIS P1LGRiM—OsBORN 

Holotype lower jaw (Amer. Mus. 19421) of Trilophodon chinjiensis Pilgrim—Osborn, 1913-1932 (A, Al, A2), Lower Chinji horizon, found two miles west of 
Chinji Bungalow, 600 feet above the base of the Lower Siwaliks, in the Salt Range of the Punjab. Also (B) type lower jaw of Trilophodon angustidens 

gaillardi Osborn in the Muséum des Sciences Naturelles de Lyon, from Villefranche d’Astarac (Gers), France, drawn from cast of type (Amer. Mus. 

21904) kindly presented to the American Museum by Dr. Claude Gaillard. 
Trilophodon chinjiensis. 

A, Left external aspect showing portion of left inferior incisor, 1.I2; also three cross-sections of the symphysis. One-eighth natural size. 

Al, Superior view of the same jaw and teeth, showing excessively elongated symphysis. One-eighth natural size. 

A2, Third right inferior molar, r.M3, with five and a half ridge-crests, prominent external trefoils, median conules, and rudiments of internal trefoils 

on proto- and metalophids. One-third natural size. 
Compare figure 286D exhibiting the hollow incisors in section in comparison with (F) Phiomia osborni; these jaw sections prove that Trilophodon chinjiensis 

is quite distinct from the shovel-tusker A mebelodon. 

Trilophodon angustidens gaillardi. Compare Fig. 198, p. 257. 
B, Observe the three crested 1.Mo and the five and a half crested 1.M3. The scale of the jaw is one-eighth natural size. No incisive tusks or 

sockets observed in this mandible. 
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in the same five crested stage of inferior molar evolution as 7. 

angustidens gaillardi from Villefranche d’Astarac, France (Fig. 

198 and Fig. 218B) and as Amebelodon (Tril.) hicksi (Fig. 260). 

Trilophodon macrognathus Pilgrim, 1913 

Figures 219, 222, 300. See also figure 413 

From near Chinji, Upper Chinji horizon of India = Mio-Pliocene. 

Trilophodon macrognathus is the uppermost trilophodont stage thus far 

discovered. It is replaced in the Jammu and Kangra, also in the Dhok 

Pathan levels, by progressive species of Tetralophodon and of Synconolophus, 

which doubtless will yield equally precise means of determining the higher 

geologic levels. 

This species characterizes the Upper Chinji horizon as com- 

pared with Trilophodon chinjiensis of the Lower Chinji. Accord- 

ing to Pilgrim’s type description (1913) cited below, it is a true 

species of Trilophodon rather than of Tetralophodon, character- 

ized by a much elongated symphysis and by three crested ‘in- 

termediate molars.’ 
(Hopwood, letter, Feb. 10, 1932): The holotype mandible, 

with rami fastened together, does not appear to leave room for 

more than a short rostrum. (Osborn, 1932): This statement of 

Hopwood is directly opposed to Pilgrim’s statement (1913, p. 309) 

that the symphysis is very much more elongated than that of 

Tetrabelodon | = Tetralophodon] punjabiensis. 

Osborn, 1926: The Upper Chinji is the type level of Tetra- 

belodon {[=Trilophodon| macrognathus Pilgrim; it is therefore 

doubtful whether this species also occurs in the Lower Chinji, as 

indicated in Pilgrim’s list (1913, p. 316) cited above (p. 272 of 

present Memoir). 

Tetrabelodon macrognathus Pilgrim, 1913. ‘The Correlation 

of the Siwaliks with Mammal Horizons of Europe.” Ree. Geol. 

Surv., India, Vol. XLIII, Pt. IV, p. 309. Typr.—(Op. cit., 

Tyre or TRILOPHODON MACROGNATHUS 

Fig. 219. Type of Tetrabelodon macrognathus Pilgrim, 1913, Upper Chinji 
horizon, Salt Range, India. A left third inferior molar, 1.M3, with 544 ridge- 

crests, single external trefoils. After photograph kindly sent the author by 

Dr. Guy E. Pilgrim. Ind. Mus. 692. Length 236 mm. [225 mm. Fig. 300, 

p. 341], reduced to 79 mm., or one-third natural size. 

This 5! crested molar is much more progressive than the 4% crested molar 
of Trilophodon palxindicus (Fig. 220). 

OSBORN: THE PROBOSCIDEA 

1913, p. 309): “An interesting discovery in the Upper Chinjis of 

an absolutely perfect mandible of a species of Tetrabelodon.”’ 

Ind. Mus. 692. Horizon AND Locatity.—Upper Chinji 

of India=Mio-Pliocene. (Op. cit.» 1913, p. 309): “Thus, the 

Mastodon cautleyi-Stegodon line is entirely absent even in its 

earliest stages; the Mastodon of the type of arvernensis has not yet 

appeared. On the other hand, species allied to Tetrabelodon an- 

gustidens |namely, T. macrognathus Pilgrim] are present. (Op. cit., 

1913, pp. 307, 308): ‘The precise level at which many of the Chinji 

fossils were found is uncertain.’’ These beds contain Hipparion 

sp., Palzoryx sp., Hyena sp., Sivapithecus indicus, also Listriodon 

sp., Amphicyon sp., Deinotherium indicum, Dorcatherium minus, 

Hemimeryx pusillus, Protragocerus sp., Sus sp. See figures 413, 

414 of the present Volume I, also Correlation Table in Volume II. 

Fig. 220. Third right inferior molar, r.M3, of Trilophodon palxindicus 

ref. (Amer. Mus. 19397), from near Nathot, India, Lower Middle Siwaliks, 

base of beds (Upper? Chinji horizon). Crown and external aspects; length 
180mm. One-half natural size. Observe the 444+ ridge-crests, median exter- 

nal trefoil conelets and rudiments of internal trefoil conelets on the three 

anterior crests. Three central conules as in 7. palzindicus type. See same 

molar in figure 222. 

Tyre Descriprion.— (Pilgrim, 1913, p. 309): “This species 

seems, as nearly as one can say, to have been the direct ancestor of 

the Middle Siwalik Tetrabelodon punjabiensis, the affinity of which 

with the European 7’. longirostris has already been noted (page 293). 

Possessing teeth of an exactly similar type, it differs from it by the 

rather more complicated talon in the last molar, by the greater 

prominence of the accessory columns, by the intermediate molars 

being trilophodont instead of tetralophodont, and finally by the 

very much more elongated symphysis. It is very remarkable to 

observe that the length of the symphysis is proportionately greater 

not only than that in 7. corrugatus of Dhok Pathan but also than 

it isin 7’. longirostris and T. angustidens, which leads us to imagine 

that the Upper Chinji species, for which I propose the name 

of Tetrabelodon macrognathus, represents a very early stage of 

development.” 
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M®ASUREMENTS IN MILLIMETERS 

T. macrognathus 

Total length from articulation 

to tip of tusk 

Total length from articulation 

T. chinjiensis 

1530 mm. 

to end of symphysis 1480 1435 

Length of symphysis 810 782 
Length of jaw behind sym- 

physis 670 653 

Length of last lower molar 236[225] 178 
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TRILOPHODON 

Trilophodon cooperi Osborn, 1932 

Figures 222, 223, 300 

From near Dera Bugti, Baluchistan. Bugti horizon, Lower Miocene. 

Trilophodon cooperi Osborn, 1932. ‘‘Trilophodon cooperi, 

Sp. Nov., of Dera Bugti, Baluchistan,” Amer. Mus. Novitates, No. 

585, Nov. 15, 1932, pp. 1-6. 
Forster Cooper described as ‘ Bunolophodon angustidens’ in his 

paper of 1922 on the ‘‘Miocene Proboscidia from Baluchistan”’ 

(pp. 610-620, figs. 1-7) a younger palate (Brit. Mus. M12178), 

an older palate (Brit. Mus. M12179), and right and left fragments 

45 Mites 

COAT 

SAR NR 

SANS < 

pie deer ar | 
Buertr His or Lower Miocene-UpPer Ouicocene (?) Horizons west or Dera Bueti 

=‘Lower Siwaliks,’ base of Manchhar series, Salt Range, northern India. =Trilophodon 

“Nari’’ and ‘‘Gaj’’ (dotted), of the region of Kumpur and Ganpor bone bed (yielding cranium in situ of Choeromeryzx grandis), also weathered out speci- 
mens or wash-outs in nullahs, as brought in by native collectors. 

lophodon or Deinotherium remains recorded (see footnote, p. 272, also Fig. 413). 

Osborn, 1927: The type mandible of this hyperlongirostrine 
stage of Trilophodon exceeds in measurement the holotype jaw 

(Amer. Mus. 19421) of Trilophodon angustidens var. chinjiensis 

from the Lower Chinji zone. It represents the most progressive 
Trilophodon thus far discovered in India. We cannot agree with 

Pilgrim, as cited above (op. cit., 1913, p. 309) that the extremely 

long-jawed Trilophodon macrognathus is ancestral to the medi- 

longirostral ‘Mastodon’ punjabiensis of the Middle Pliocene Dhok 
Pathan zone, because the latter belongs to the T'etralophodon phylum. 

=Trilophodon cooperi life zone. 

“Chur-Lando,”’ bone bed or quarry, with rich fossil fauna in situ, Upper Oligocene. =Paraceratherium (Baluchitherium) bugtiense life zone. No Tri- 

of a lower jaw (Brit. Mus. M12181). The latter specimen (Fig. 

222) was selected by the present writer (Osborn, 1932.896) as 

the type of this new primitive species, which he named T’rilophodon 

cooperi. As paratypes were selected: (1) The younger palate 

(Brit. Mus. M12178) ‘‘with second molars just erupting’’ (Cooper, 

op. cit., fig. 1, p. 611), and (2) the older palate (Brit. Mus. M12179) 

containing Dp‘-M2, second molar with two anterior ridge-crests 

partly worn (Fig. 223). 

Registered numbers of the jaw and palates, kindly furnished 



EVOLUTION OF THE CENTRAL CONULES, C, C, C, IN TRILOPHODON 

Conical elements: 26 
7 

PLIES 
s Inp.Mus. TYPE: Trifophodon macrognathus Pilg 

J 692 Upper Chinji 

Conical elements: 2 7 

AM.19421 TyPE: Trilophodon chinyiensis Osb. 
Lower Chinji 

a BM. 7425 Trilophodon angustidens 

AM 21921 
exalophy 

mle 
Conical elements:20 

Inp.Mus. TYPE: Trilophodon pataeindicus Lyd. 
426 Kanlial Miocene 

Conical elements: 19 

B.M. m12i8i TYPE: Trilophodon cooperi Osb. 

Bugti Basal Miocene 

protolophid 

Conical elements: 10 

AM.13468 TyPE Phioma osborni Mat. 
Fayum Lower Oligocene 

Fig. 222. This evolution comprises: (1) Central conules (C C) progressively rising in the median valleys between the -lophids as unique rectigradations in 

all the Bunomastodontide; (2) duplication by fission of single cones into conelets; (3) addition of tetarto-, penta-, and hexalophid to the three ridge-crested 

Phiomia stage; (4) ectotrefoils succeeded by entotrefoils. ‘Rectigradations’ Osborn (1908) are now termed ‘aristogenes’ Osborn (1932-1933). Compare 

Fig. 300, p. 341. For explanation, see “Evolution of ‘Central Conules’ and ‘Aristogenes’ in the Trilophodon angustidens Phylum”’ on page 277 opposite. 

Total conical Total new 

Ridge-crests Cones Conelets Conules Trefoils coronal elements 

elements 

Mio-Pliocene Trilophodon macrognathus 5% 12 19 4 8 26 34 
Mio-Pliocene Trilophodon chinjiensis 5M 12 21 4 14 27 35 
Middle Miocene Trilophodon palxindicus 4M 10 17 3 6-7 20 27 
Basal Miocene Trilophodon cooperi 4y 10 17 2 00 19 19 

Lower Oligocene Phiomia osborni' 336 8 10 2, 

'\Phiomia osborni is directly ancestral to the ‘shovel-tusker’ Amebelodon fricki and not to the Longirostrine Trilophodon as formerly supposed by Osborn. 

See footnote on page 277. 
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by Dr. Arthur T. Hopwood of the British Museum (June 22, 

1932) are as follows: 

Trilophodon cooperi 
Osborn’s type: Right ramus, Brit. Mus. M12181 (Cooper, 1922, fig. 2); 

cast Amer. Mus. 5205. Osborn’s paratypes: Older palate, Brit. Mus. M12179, 

cast Amer. Mus. 5211; younger palate, Brit. Mus. M12178 (Cooper, 1922, fig. 1). 

Type and paratype figures of Cooper and Osborn: 

Type jaw: Figure 2 of Cooper (1922), figure 222 of present Memoir. 

Paratype, older palate: Figure 223 of present Memoir. Paratype, younger 
palate: Figure 1 of Cooper (1922), not figured in present Memoir. 

Tyee Description.—(Osborn, 1932.896, p. 3): “‘Inrertor 

Motars.—Third inferior molars relatively long and narrow (ap. 

147 mm., tr. 63 mm., index 43); with 4% ridge-crests, relatively 

obtuse in lateral aspect; internal and external cones subdivided 

into two conelets; central conules (C C) in first and second 

valleys only. Second inferior molars relatively long and narrow 

(ap. 100 mm., tr. 55 mm., index 55), as in Phiomia osborni; with 

3 obtuse ridge-crests.”’ 

“Superior Motars.—Second superior molars relatively broad 
(ap. 100 mm., tr. 60 mm., index 60); with 3 ridge-crests; no 

central conules; internal cones subdivided into two conelets; ex- 
ternal cones single not subdivided.” 

It gave the present writer great pleasure to dedicate this very 

important and geologically ancient new species to his friend C. 

Forster Cooper, in recognition of his valuable services to mam- 

malian paleontology, especially his two expeditions of the years 

1910 (Chur-Lando) and 1911 to the Lower Miocene deposits of 
Dera Bugti, Baluchistan (Fig. 221). 

Cooper in his detailed description and figures (1922) of these 

Dera Bugti mastodonts, and after comparison with Cuvier’s 

‘Mastodon’ angustidens and Schlesinger’s ‘M.’ subtapiroidea, 
referred the type and paratype specimens to ‘Bunolophodon’ 

angustidens. He concluded (op. cit., p. 610), ‘‘This is consonant 

with the view, supported by other reasons, that the stage of 
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angustidens represented by these Indian forms is earlier than that 

of the more typical French forms from Sansan, etc., and is possibly 

as early as any yet described.” 

New and very close comparison (Fig. 222) with Cuvier’s 

type of ‘Mastodon’ angustidens, with Lydekker’s type of ‘M.’ angusti- 

dens palxindicus, with Osborn’s holotype of Trilophodon chinjiensis, 

and with Pilgrim’s type of T’rilophodon macrognathus confirms 

Forster Cooper’s opinion and demonstrates beyond question that 

the type of Trilophodon cooperi represents an extremely primitive 

stage in the evolution of the highly characteristic inferior molars of 

Trilophodon. The type and paratype grinding teeth are charac- 

terized in the above specific definition. 

y he mn, i J 

ive ewan ate 8 mitt 

: ae rit.Mus. MI2179 
Paratype Cast—Trilophodon cooperi Osborn AmMus 521! 

Fig. 223. Trilophodon cooperi paratype, ‘older palate’ (Brit. Mus. 
M12179) containing Dp’-M?; second molar with two anterior ridge-crests 
partly worn. One-third natural size. 

EVOLUTION OF ‘CENTRAL CONULES’ AND ‘ARISTOGENES’ IN THE TRILOPHODON ANGUSTIDENS PHYLUM 

SEE Figure 222 oprosirn! 

Central conules arise in Phiomia' and characterize all specific stages of Trilophodon in Europe, Asia, and North America. First 
in the inferior, then in the superior molars. 

Tuirp INrertor Mouars (Fic. 222).—The ‘ascending mutations’ and species of the Trilophodon phylum invariably exhibit the 
following rectigradations or ‘aristogenes’ arising orthogenetically: 

(1) Central conules (C C) which successively appear between the proto-and metalophid, then between the meta- and 
tritolophid (Trilophodon cooperz), then between the trito- and tetartolophid (7. palzindicus), and so on; (2) the paired 
cones each divide into two conelets, the fissures becoming deeper progressively from the Trilophodon cooperi stage to the 
T. chinjiensis stage; (3) thus the summits of the internal cones wear into a dumb-bell pattern, then into the trefoil pattern, 
by the expansion of the median conules into trefoils; (4) each new ridge-crest is heralded by two small cones; as seen also 
in Me; (5) the four ridge-crests, or proto-, meta-, trito-, and tetartolophids, are followed by the fifth ridge-crest, or penta- 
lophid, which evolves from a rudimentary condition in Trilophodon cooperi into the well-developed T. chinjiensis stage. 
Finally the sixth ridge-crest, or hexalophid, is added in T. chinjiensis and T. macrognathus; (6) the pentalophid progresses 
through the Trilophodon cooperi, T. palxindicus, T. chinjiensis into the perfected T. macrognathus stage, in which finally 
the hexalophid is heralded as two rounded cones. (7) The conules split into ‘conulets’ in 7’. macrognathus. 

The above four ascending mutations or specific stages compared with the primitive third inferior molar of Phiomia osborni 
enable us to synthesize the progressive evolution of the Trilophodon ridge-crests, cones, conelets, conules, and trefoils. 

The external elements or ectocones, conelets, conules, and trefoils evolve most rapidly in the inferior molars, while the entocones, 
conelets, and trefoils develop more slowly. In the superior molars just the opposite rate is observed, the most rapid evolution is upon the 
internal elements. 

SUPERIOR Motars (Fic. 223).—The inferior molars are more rapidly progressive than the superior molars in which the cones, cone- 
lets, and trefoils are greatly retarded ; for example, in T'rilophodon cooperi M? exhibits six cones, rudimentary internal trefoils, no conules, 
whereas the third inferior molar, Ms, exhibits eight cones, two conules, and incipient subdivision of several of the cones and conelets. 

'The known species of Phiomia (Pl. v, pp. 235-236) are directly ancestral to Amebelodon, not to Trilophodon as formerly supposed. 
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Groxoarc Fauna Horizons.—These closely analyzed ascending mutations or stages in the evolution of the third inferior molars 

afford a new and very valuable time-scale in the ascending geologic horizons of the Upper Siwaliks, as indicated above. 

Summary.—(Figs. 222, 300) Exclusive of trefoils, Phiomia osborni exhibits only 10 conical coronal elements; Trilophodon cooperi 

19-20 conical coronal elements; 7’. palxindicus 20 conical coronal elements, plus rudiments of trefoils; T. chinjiensis 25-27 conical 

coronal elements, with prominent ectotrefoils; 7’. macrognathus 26-37 conical coronal elements, with eight trefoils. 

Oligocene-Miocene evolution of M; is as follows: 

A summary of 

Oxu1GocENE: Phiomia osborni,' length 75 mm., 10 conical coronal elements 
Mio-Putocene: Trilophodon macrognathus, length 225 mm., 26-37 conical coronal elements 

It follows that this strictly orthogenetic, rectigradational, progressive evolution of the cones, conelets, conules, ridge-crests, and tre- 

foils constitutes not only a sure means of defining generic, mutational, and specific stages, but it may precisely establish the geologic 

horizon on which these definitely ascending evolutionary stages occur. 
time will be filled in by intermediate ascending mutations. 

Trilophodon inopinatus Borissiak and Beliaeva, 1928 

Figure 224 

From the Jilanéik beds of the Turgai region, Central Asia. Miocene. 

This type was discovered in 1927 (Borissiak, 1927.1, p. 273) 

in the Miocene Jilanéik beds of the Turgai region, beds which also 

yield Trilophodon angustidens ref. and a larger allied form. 

Trilophodon (Serridentinus?) inopinatus  Borissiak and 

Beliaeva, 1928. ‘‘Trilophodon (Serridentinus?) inopinatus N. Sp. 

from the Jilanéik beds of the Turgai Region,” Bull. Acad. Sci. 

VUSSR, 1928, pp. 241-252. Typre.—Portions of mandibles, 

upper jaw, upper and lower molars, and portions of the 

incisors. Horizon AND Locatiry.—The Miocene Jilanéik 

beds of the Turgai region, Asia. Type Ficure.—Op. cit., 

1928, Pl. 1, figs. 1-6, and Pl. n, figs. 1-7. 

Osborn, 1932: This type, fully described and figured by Boris- 

siak and Beliaeva, 1928, pp. 241-252, PI. 1, figs. 1-6, Pl. 11, fig. 4— 

Fig. 224 of present Memoir) appears to bea T’rilophodon rather than 

a Serridentinus. The authors consider the Serridentinus relation- 

ship (pp. 251, 252); this Serridentinus affinity is apparently sup- 

ported by the relatively broad and short (PI. 1, fig. 5) 3% crested 

The specific gaps between these readily distinguishable stages in 

superior molars and the relatively narrow incisive teeth (Pl. 1, 

fig. 3); the type third superior grinders (PI. 1, figs. 5, 6) resemble in 

proportion Serridentinus rather than Trilophodon, length 126 mm., 

maximum width 75 mm., maximum height 46 mm., with a breadth- 

length index of 60. This index resembles that of Serridentinus 
productus (index 60), rather than that of Trilophodon angustidens 

(index 51). The compressed straight superior tusks, with lateral 

enamel band, and the inferior uproot tusks resemble those of S. 

productus. The trefoil conules, both upper and lower, appear to be 

in the center of the crown (PI. 1, figs. 5, 6, Pl. nm, figs. 4, 5) rather 

than along the outer or inner borders of the lophs. While the 

generic relationship is not positively determinable, we are inclined 

to agree with the authors that this is a Trilophodon. 

Measurements 

M3 M; 

Length 126 139 

Breadth 75 62 

Height (max.) 46 44 

Index 60 45 

TyprEe or TRILOPHODON INOPINATUS. 

Fig. 224. Type of Trilophodon (Serridentinus?) inopinatus Borissiak and Belfaeva, 1928, from the Jilanéik beds of Turgai, Asia. Miocene. 

A, Anterior portion of cranium, mandible, and grinding teeth. One-tenth natural size. PI. 1, figs. 1-4. 

B, Superior grinding teeth of the type. Two-fifths natural size. Pl. 1, figs. 5 and 6. Fig. 5, 1.M?, 1.M%, crown view. Fig. 6, Same, external view (inverted). 

C, Inferior grinding teeth of the type. Two-fifths natural size. Pl. u, fig. 4. Fig. 4, 1.Mo, 1.M3. 

Observe the absence of the serrate crest characteristic of Serridentinus, the presence of central conules characteristic of Trilophodon. 

'See footnote on page 276. 

ComPARE TTILOPHODON COOPERI, FiGuURE 222 
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These measurements and the very simple character of the 

ridge-crests indicate that Trilophodon inopinatus is in a very 

primitive stage of evolution comparable to that of the type (cast 

Amer. Mus. 5205) of T'rilophodon cooperi Osb. (Figs. 222, 300) of 

the Bugti beds of Baluchistan. 

Trilophodon cooperi type and ref. M; M? 

Length 147 128 

Breadth 63 72 

Index 43 56 

Trilophodon inopinatus type 

Length 139 126 

Breadth 62 75 

Index 45 60 

Both in the number and height of the ridge-crests and in the 

measurements and indices, as well as in the feeble development of 

279 

the intermediate conules, the type of Trilophodon inopinatus from 

Turgai agrees quite closely with the type of T. cooperi from the 

Bugti beds of Baluchistan (cf. Forster Cooper, 1922, fig. 1, p. 611, 

fig. 2, p. 614, and measurements, p. 625, of Bunolophodon angusti- 

dens, upper and lower jaws, Brit. Mus. M12179 and M1218], 

casts Amer. Mus. 5211 and 5205). 

Trilophodon hasnotensis sp. nov. 

Figure 417 

From 444 miles northwest of Hasnot, India, 1000 feet below Bhandar bone 

bed, lower Middle Siwaliks. Middle Pliocene. See type figure 417 in Chap. X, 

p. 454. 

The median conules displayed in figure 417 (Amer. Mus. 

19399) prove that this specimen belongs to the genus Trilophodon 

rather than to the genus Serridentinus in which the median 

conules are invariably absent; 

also this specimen lacks the ecto- 

trefoil spurs characteristic of Ser- 

ridentinus. Although an imperfect 

fragment, it is interesting and im- 

portant as representing a hitherto 

unknown Middle Pliocene stage 

in the ascending series of Trilo- 

phodon. Accordingly the new 

specific name Trilophodon hasno- 

tensis is hereby assigned to it. 

Gro.ocy.—Hasnot, equivalent 

in age to the Dhok Pathan, was 

the base of Barnum Brown’s 

measurements (1922, 1923) of 

the Middle Pliocene levels of 

the fossils collected in the 

Bhandar bone bed. 

Cuassic Fosstu MAMMALIAN 

Exposures OF NoRTHWESTERN INDIA 

After map by Erwin J. Raisz, A.M., 

1927 

Fig. 225. The great Tertiary 

piedmont, fluviatile, and flood-plain 

horizons dissected by the western and 

northern tributaries of the river Indus, 

from Upper Oligocene (Chur-Lando) to 

Middle Pliocene (Dhok Pathan) time. 

Bordering the mountain ranges of 

Baluchistan, Afghanistan, and the 

northern Punjab (Salt Range) is a 

northern to southern area of Tertiary 

sediment of 400 miles, with a collective 

thickness of 25100 ft. (see Fig. 413). 

Compare also figure 221, page 275. 

Mrppte Purocene: Dhok Pathan, 

in the Salt Range. 

Mippte Miocene AND Mhiuo- 

Puiocene: Chinji Bungalow, Hasnot, 

Tatrot, Chakwal, and Kamlial in the 

Salt Range. 

LowEr Miocene: Gandoi and 

Kumbhi in the Bugti Hills. 

oe Upper OLicoceNne (?): 

Tamimaan 7 Lando in the Bugti Hills. 

Chur- 



10. TRILOPHODONTS OR SERRIDENTINES OF JAPAN 

The type of the species T'rilophodon sendaicus Mats. is described and figured under Trilophodon, although like 

Hemimastodon annectens' Mats. it might for some reasons be placed under the Serridentine; this type exhibits the 

central conules in the center of the valleys which characterize Trzlophodon and which are not present in Serri- 

dentinus. The phyletic relationship of H. annectens and of T’. sendaicus will only be settled by the discovery of a 

jaw of each of these species, the characters of which have not hitherto been described. For the present, there- 

fore, H. annectens is provisionally placed in the Serridentine, namely, Serridentinus annectens (Chap. X below). 

Trilophodon sendaicus Matsumoto, 1924 

Figure 226 

From Kitayama, near Sendai, Province of Rikuzen, Japan. Tatsuno- 

kuchi formation, Lower Pliocene. 

Trilophodon sendaicus Matsumoto. “Preliminary Notes on Two 
New Species of Fossil Mastodon from Japan,” Journ. Geol. Soc. 

Toky6, Vol. XXXI, 1924, pp. 402, 408. Typr.—Upper 

right M%, lower left M;, and two fragments of a lower right Ms, 

besides left astragalus, probably belonging to one and the same 

individual. Horizon AND Locatity.—(Compare Matsumoto, 

1926.1, pp. 6, 9) Kitayama, near Sendai, Province of Rikuzen, 

Japan. From soft, sandy tuff probably referred to the Tatsuno- 

kuchi formation. The Tatsunokuchi formation is probably to be 

referred to upper Pontian or Pliocene-Pontian, while the Sawo- 

yama formation proper, which corresponds to the horizon of Pro- 

stegodon |= Stegolophodon| latidens, probably should be referred to 

typical Pontian, as judged from both the fossils and the strati- 

graphical position of the beds. Type Ficure.—Matsumoto, 

1926.1, Pls. m1 and ry. 

Matsumoto makes a comparison of this species with the follow- 

Tyre or TRILOPHODON SENDAICUS 

Fig. 226. Type teeth, r.M*, 1.Ms3, of Trilophodon sendaicus. 
Matsumoto, 1926.1, Pl. 1m, figs. 2 and 3, one-half natural size. 

(Upper) r.M®, internal aspect. 
(Lower) 1.M3, crown aspect. 

After 

ing forms: Mastodon pyrenaicus Lartet (pars), M. pyrenaicus 

Lartet (pars) larger type, M. falconeri Lydekker, of India, and M. 
lydekkert Szhlosser, of China. 

Spreciric CHARACTERS.—(Compare Matsumoto, 1926.1, pp. 
7 and 8) Length of M* along median line 186+a (188) mm. 

Mesial longitudinal cleft evident throughout, so that each ridge is 

divided into inner and outer cusps. Tips of little worn or unworn 

cusps rather acute, being less blunt or rounded than in Hemi- 
mastodon annectens and Trilophodon angustidens typicus. Median 

accessory cusps rather feebly developed, so that the trefoil pattern 
of the inner cusps is not very complete and the valleys are widely 

open. Outer cusps consist each of two secondary cusps arranged 
transversely, the outer one of which is much more prominent than 

the inner. Outer secondary cusp provided with two spurs—one 

each on the anterior and the posterior side, as a characteristic of 

the tapiroid and subtapiroid mastodonts. Posterior talon very 

strong; its inner cusp very large and stout, outer one very small 

and low, having the appearance of an outer accessory cusp. An- 

terior talon well developed. Internal basal cingulum very feeble; 

external basal cingulum represented by a very low tubercle at 

outer entrance only of first valley, being entirely absent at second 
ridge and backward. 

Length of M; along median line, right 203 mm., left 206 mm. 

Characteristics of mesial longitudinal cleft, tips of cusps, median 

accessory cusps and valleys exactly like those observed in the 

upper tooth. Spurs of inner cusps less prominent than those of 

outer cusps of upper tooth. Tooth coneavo-convex in general 

outline seen from above, its outer side from first to third ridge being 

slightly concave and its inner side considerably convex throughout. 

Anterior talon well developed. No internal basal cingulum; exter- 

nal basal cingulum present but feeble, being represented by very low 

tubercles. Enamel layer of both upper and lower teeth very thick. 

Osborn, 1927: The length of the inferior molars (203-206 

mm.) agrees closely with that of the American Pliocene species 

shown in the comparative table of measurements below, e.g., Tr7- 

lophodon osborni (196 mm.), Amebelodon (Trilophodon) hicksi (199 

mm.), 7. (Megabelodon) lulli (222 mm.), and T. pojoaquensis (220 

mm.). 
Osborn, 1932: The presence of central conules, now recognized 

as the highly distinctive character of the third inferior grinding 

teeth of members of the Trilophodon phylum (Fig. 222), renders it 

certain that this Japanese species belongs in the genus Trilopho- 

don rather than in Serridentinus. The presence of the Serriden- 

tinus phylum in Japan appears to be rendered certain by the species 

Serridentinus annectens Mats., which has the bluntly rounded 

ridge-crests, also characteristic of S. brown? of the Siwaliks of India. 

‘Matsumoto erroneously referred this species to Pilgrim’s genus Hemimastodon which proves to belong to the Surna. 
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11. MIOCENE AND PLIOCENE MASTODONTS OF BADEN AND RHEINHESSEN, KLAHN, 1922 

In the year 1922 Dr. Hans Klihn of Freiburg i. B. reviewed the Middle Miocene mastodonts of Baden in his 

paper ‘‘Die badischen Mastodonten und ihre siiddeutschen Verwandten,” including the bunolophodont and zygo- 

lophodont phyla, and added valuable descriptions and measurements of collections from Mésskirch, Steinheim, 

Eppelsheim, Esselborn, Bermersheim, Wiesberg, Kettenheim, Westhofen, Wolfsheim, Dintesheim, Wahlheim, 

Herbolzheim, and Krottling, all of which are carefully plotted (Tab. 1) as to their localities in southern Germany. 

Within the single generic term Mastodon, Kliihn included fourteen species which in the present Memoir 

are redefined by Osborn within the following five genera: 

Trilophodon (Mastodon) angustidens Cuvier Trilophodon (Mastodon) esselbornensis n. sp. (Fig. 227) 
Trilophodon (Mastodon) engelswiesensis n. sp. Turicius (Mastodon) wahlheimensis n. sp. (Fig. 229) 
Turicius (Mastodon) turicensis Schinz Tetralophodon (Mastodon) longirostris (dubius) Kaup 
Serridentinus (Mastodon) subtapiroideus Schles. Tetralophodon (Mastodon) longirostris (grandis) Kaup 
Trilophodon (Mastodon) steinheimensis n. sp. (Fig. 228) Tetralophodon (Mastodon) gigantorostris n. sp. 
Tetralophodon (Mastodon) longirostris Kaup Anancus (Mastodon) minutoarvernensis n. sp. 
Trilophodon (Mastodon) austro-germanicus Weg. Anancus (Mastodon) gigantarvernensis n. sp. 

Of the six new species enumerated above the following brief descriptions may be given. We are indebted to 

Doctor Klahn for clichés of his type of Trilophodon esselbornensis and of his two cotypes of Turicius wahlheimensis. 

Trilophodon engelswiesensis Kliihn, 1922 Trilophodon steinheimensis Klihn, 1922 

Engelswies, Baden, Germany. Miocene. Figure 228 

Kahn, op. cit., 1922, p. 30, fig. 10. Steinheim, Baden, Germany. Middle to Upper Miocene. 

Tyre.—Posterior half of a right third superior molar, r.M‘, This type appears to be related to ‘Mastodon’ angustidens 

from Engelswies, with single internal median trefoils, length of and therefore referable to Trilophodon. Oscar Fraas (1870, pp. 

fragment 99 mm., breadth 74 mm., breadth of talon 46 mm., re- 184, 185) described from Steinheim and figured (op. cit., Taf. v, 
sembling Trilophodon angustidens. fig. 1) a third right inferior molar, r.M;, as Mastodon arvernensis: 

“Fig. 1 ist der letzte untere Backenzahn der rechten Kieferhalfte 

Trilophodon esselbornensis Klihn, 1922 in nat. Grésse abgebildet. Seine grésste Linge ist 0™ 214, seine 

Figure 227 grésste Breite iiber der mittlern Querreihe gemessen 0” 09. Er 

Esselborn and Westhofen, Rheinhessen, Germany. Pliocene. theilt sich in seiner Lingenaxe in 2 Hilften, eine innere und 

Klahn, op. cit., 1922, p. 73, and p. 92, fig. 24, reproduced herein _ussere, die innere Hilfte ist bei der Krimmung, welche der Zahn 
as figure 227. Generic reference doubtful. macht, um 2 CM. kiirzer als die fiussere, indem der Raum zwischen 

Typr.—A left third superior molar, |.M*, from Westhofen, in dem Iten und 5ten Hiigel der Innenseite 0” 16, derselbe aber 

the Darmstadt Museum, length 158 mm., breadth 82-83 mm., five ®USSen 0" 18 misst.”” 
ridge-crests, of which the three anterior exhibit prominent double In 1922 Klihn made the same tooth the type of Mastodon 
trefoils, crown narrowing posteriorly. steinheimensis, agreeing with Vacek as to its relationship to M. 

angustidens rather than to M. arvernensis; with the type molar 

(Fig. 228) were associated portions of superior and inferior in- 

cisors, the superior incisors having the characteristic enamel 

band. The molar is characterized by Klihn (1922, pp. 35, 76) 
as follows: [p. 35] ‘‘ Der tadellos erhaltene, Fraas als Original einst 

dienende ;M (Keim) besitzt 4 H.R.+ einem zweihéckrigen 

selbstiindigen Talon. Am Vorderende befindet sich ein kraftiges 
Bourrelet. Das Auffallendste an dem Zahn ist die starke, fast 

knickartige Umbiegung zwischen I und II. Vordere Sp.H. be- 

finden sich an I, II, III pratrit. . . . Die Tiler sind schmal, nur 

dasjenige zwischen III und IV posttrit ist etwas weiter. Zu be- 

tonen ist, dass auch bei den folgenden Unterkieferzihnen die 

genannten Merkmale wiederkehren, besonders der auffallende Type oF TRILOPHODON ESSELBORNENSIS 
Fig. 227. Type left third superior molar, ].M°, of Mastodon esselbornensis mea = 5 

Kiahn, 1922, p. 92, fig. 24, from Westhofen, Rheinhessen, Germany. Darm- Knick am Vorderende des Zahnes, so dass schon dieses Merkmal 

stadt Museum. Length 158 mm., breadth 82 mm. Observe entotrefoils on etwas fiir M. steinheimensis Charakteristisches ist. [p. 76] Die 
three anterior crests. One-half natural size. Knickung diirfte wohl auf eine Uberentwicklung des Zahnes 
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hindeuten. Dieser gehért auf jeden Fall zu einem jener hochent- 

wickelten angustidens-Formen, die wie steznheimensis oder austro- 

germanicus fiir das Obermiozin typisch sind. 

steinheimensis sp. (89) Br I oder II: ca. 85,0 Br II oder III: 

90,5 Br III oder IV: 92,0 Br. IV oder V: 69,0 

Klihn (1931, p. 5) observes: “‘Vacek [Footnote: ‘Uber osterr. 

Mastodonten u.s.w. Abh. d. K. K. geol. Reichsanst. Bd. VII, Wien 

1877.’] rechnet den Steinheimer, von Fraas beschrieben, ;M zu 

einer ‘Ubergangsform’ von angustidens zu longirostris, worin ihm 
- 

Fig. 228. Typr or TRILOPHODON STEINHEIMENSIS KLAHN 

Both figures about two-fifths natural size. Observe large central conules. 

(Upper) Type third left inferior molar, 1.M3, of Mastodon steinheimensis 

Klahn, 1922, pp. 35, 76. From Steinheim, Germany. After Fraas, 1870, Taf. 

v, fig. 1, who referred it to Mastodon arvernensis. Length 214 mm., breadth 

90 mm. 

(Lower) Same molar, but referred by Klihn, 1931, Taf. m1, fig. 2, to 

Mastodon angustidens steinheimensis. Stuttgart, J. N. 4767. 

Schlesinger [Footnote: ‘Die Mastodonten des naturhist. Hofmus. 

Denkschr. d. K. K. nat. Hofmus. I, Wien, 1917.’] folgt. . . . Der 

Steinheimer Zahn erinnere aber doch schon insofern stark an 

longirostris, als die Sekundarhécker miichtiger als bei angustidens 

von Hibiswald (=f. subtapiroidea Schl.) seien, wodurch die Haupt- 

hocker mehr als bei dieser Form auseinanderriicken. . . . Es 

handelt sich, wie wir sehen werden, um eine Form mit subtapiroider 

Basis; sie ist wohl gegeniiber f. subtapiroidea fortgeschritten, aber 
nicht in Richtung longirostris.” 

Osborn, 1931: Thus Vacek and Klahn rightly claim that this 

type molar (Fraas, 1870, Taf. v, fig. 1, Klahn, 1931, Taf. 11, fig. 2) 

is related to ‘Mastodon’ angustidens rather than to ‘M.’ longirostris. 

Turicius wahlheimensis Klihn, 1922 

Figure 229, also Pl. m J 

From Wahlheim and Esselborn, Rheinhessen, Germany. Pliocene. 

Klahn, op. cit., 1922, pp. 76, 77, fig. 17, and p. 94, fig. 25; re- 
produced herewith as figure 229. 

Coryres.—Third left superior molars, 1.M3, from Wahlheim 

and from Esselborn, in the Darmstadt Museum (Nos. 188 and 189 

OSBORN: THE PROBOSCIDEA 

respectively). Comparative measurements of these third superior 

cotype molars are as follows: 

Wabhlheim: 1.M’, length 190 mm., maximum breadth 93.5 mm. 

Esselborn: 1.M?, length 186 mm., maximum breadth 88 mm. 

There are five ridge-crests with conelets closely compressed 

at the summits in the metaloph, tritoloph, tetartoloph, and 

pentaloph; there is a vestige of a hexaloph. 

‘+s 

Nip sine 
Ney _ Ww 

A 
CotypPEs OF TURICIUS WAHLHEIMENSIS 

Fig. 229. Cotypes of Mastodon wahlheimensis Klahn, 1922. One-half 

natural size. 

(Lower) Third left superior molar, 1.M°, from Esselborn, Rheinhessen, 

Germany. T'ive ridge-crests. Length 186 mm., breadth 88 mm. Darmstadt 

Mus. 189. After Klahn, 1922, p. 77, fig. 17. 

(Upper) Third left superior molar, |.M*, from Wahlheim, Rheinhessen, 

Germany. Length, 190 mm., breadth 93.5 mm. Darmstadt Mus. 188. 

After Klahn, 1922, p. 94, fig. 25. 

Tetralophodon gigantorostris Klihn, 1922 

Bermersheim, Rheinhessen, Germany. Pliocene. 

This type appears to be related to ‘Mastodon’ longirostris and 

therefore referable to Tetralophodon. 

Kahn (1922, p. 87) described as Mastodon gigantorostris n. sp. 

a lower jaw in the Mainz Museum, distinguished from the 

mandibles of other mastodonts, especially from longzrostris, as 

follows: ‘1. Die Anwesenheit eines deutlich hervortretenden 

Angulare. Wahrend bei den Mandibeln des longirostris der Ramus 

horie. in steiler Kurve in den Ram. ase. tibergeht, ist dieselbe bei 

gigantorostris flacher und springt unterhalb der Condylen zum 

Angulare zuriick. 2. Der Proc. coron. und der Condylus steigen 

nicht so hoch wie bei longirostris auf. 38. Wéahrend beim ausge- 

wachsenen longirostris Proc. coron. und Condylus etwa in gleicher 

Hohe und verhiltnismiissig nahe beieinander liegen, ist bei gzgan- 

torostris der Proc. coron. viel tiefer als der Condylus gelegen und 

entfernt sich ziemlich weit von diesem. Deshalb steigt der erstere 

direkt am hinteren Teil des 3M; bei gigantorostris in die Hohe, 
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wahrend er bei longirostris etwas weiter zuriickliegt. 4. Die 

Symphyse ist vollkommen gerade, wihrend sie bei longirostrist 

nach unten gesenkt ist. Die Symphysenregion reicht sehr weit 

guriick—bis zu »M.—, ein Merkmal, durch das sich gigantorostris 

dem M. grandis nihert. 5. Die 2J2 treten ohne jede Kriimmung 
aus den Kiefern hervor, zeigen auch keine Divergenz. Die genann- 

ten Unterschiede sind so wesentlicher Natur, dass ich mich berech- 

tigt fiihle, gigantorostris von longirostris abzutrennen.”’ 

M®&ASUREMENTS 

Length of mandible (gigantorostris) from angle 

to alveolus 770 mm. 

Height of same 288 

Height of mandible (grandis) from Esselborn 163 

Length of M; (Cat. No. 389) 220 

Breadth of same 86 

“Tn der Korrelation L: mittl. Br. besteht scheinbar kein 

Unterschied gegeniiber grandis (Tab. III), so dass wir bei losen 

Bunolophodonte Reihe 

M. arvernensis 

minutoarvernensis gigantarvernensis 

M. longirostris 

dubius grandis 
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Zaihnen nicht entscheiden kénnen, ob gigantorostris oder grandis 

vorliegt. Es muss noch mehr einwandfreies Material gefunden 

werden, um die Stellung der gigantorostris-Zihne genau angeben 

zu kénnen.”’ 

Anancus minutoarvernensis and A. gigantarvernensis 

Klahn, 1922 

Herbolzheim, Baden, Germany. Pliocene. 

These imperfectly defined subspecies appear to be related to 

‘Mastodon’ arvernensis or Anancus of the present Memoir. They may 

be larger and smaller races of arvernensis, or male and female vari- 

ations of the same species. 

Klihn (1922, p. 102) distinguishes between the larger and the 

smaller race of brevirostrine mastodonts from the Val d’Arno, 

without a figure or a clear designation of either type; he refers to 

the descriptions and measurements of Schlesinger, based on lower 

jaw fragments in the Berlin Museum, also from the Val d’Arno. 

According to his own correlation table, Klihn (op. cit., p. 134) 

places these subspecies as follows: 

Zygodonte Reihe 

M. borsoni Middle and Upper Pliocene 

Lower Pliocene 

M., turicensis sp.? 

12. THE LOWER MIOCENE TRILOPHODONT OF FRANCE (TRILOPHODON PONTILEVIENSIS) 

COMPARED WITH THE PRIMITIVE TRILOPHODON COOPERI OF BALUCHISTAN 

The Trilophodon pontileviensis cotype (Fig. 230, left) of the Lower Miocene of France, exhibiting 23 to 26 

conical elements or aristogenes, is somewhat more progressive than the 7’. coopert of the Bugti Hills, Lower Mio- 

cene of Baluchistan (Figs. 222, 300), with 19-20 aristogenes; it is more closely similar to 7. palxindicus of the 

Middle Miocene of India with 20 aristogenes; it is much more primitive than the 7’. chinjiensis of the Mio- 

Pliocene of India (25-27 aristogenes), also than the 7. macrognathus of the Mio-Pliocene (26-37 aristogenes). 

T. pontileviensis demonstrates the very early migration of these primitive Trilophodonts from southern Europe 

to southern Eurasia. 

Trilophodon pontileviensis Mayet-Fourtau, 1918 

Figures 138 A, B, 139, 2, and 230 

From Chevilly, Pontlevoy, Sables de |’Orléanais du Blésois, France. 
Lower Miocene. 

The Lower Miocene Trilophodon pontileviensis (Figs. 138 A, B, 
139, 2) exhibits two or three central conules (C, C) in the valleys, 

and are now known to be paralleled by the types of T’rilophodon 

cooperi from the Bugti horizon, Lower Miocene, Baluchistan (ef. 

Fig. 222 with Fig. 230, this chapter). Mayet (1908, pp. 190-198, 
Pls. vit, x1) simply referred these teeth to ‘Mast. angustidens’; 
they may now be given provisionally the specific name Tri- 

lophodon pontileviensis. Certain specimens, e.g., Pl. vu, figs. 5 

and 6, differ from the types of 7’. cooperi in having stronger trefoils, 

while others (PI. x1, fig. 2) do not exhibit trefoils and are thus closer 

to T. cooperit. The central conules shown in Mayet’s figures and 

retouched in our figure 230 A-C are similar to those in the type 

mandible of 7’. cooperi (Brit. Mus. M. 12181); the measurements 

of M® are: 

Fig. 230 ap. tr. ie 
C, 163 72 AW 
A, 162 72 44 
B, 158 72 46 
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Turrp Inrerror! Mouars: (A-C) Coryprs oF TRILOPHODON PONTILEVIENSIS Mayet-Fourtav, 1918; (D) Type or MIoMASTODON DEPERETI SP. NOV., 

AFTER Mayet, 1908, Pu. vu, ric. 3 (cr. Fies. 138 A, B, AND 139, 2 OF PRESENT MeMorR). ALL FIGURES ONE-HALF NATURAL SIZE 

Fig. 230. Mayet (1908, pp. 190-194) distinguishes and figures (PI. vit, figs. 6 [C], 5 [B], and Pl. x1, fiz. 2[A]) the ‘ Mast.’ angustidens as follows: 

(1) Symphysis greatly elongated in front of the molars. (2) Molars narrow and of relatively small size. (3) Premolars trilophodont. (4) Molars with 

obtuse cones and crests, alternating conelets, valleys interrupted by secondary conelets (central conules). (5) Superior tusks cylindrical at the base, com- 

pressed and prismatic at the extremity, lightly spiraled with external band of enamel. (6) Inferior incisors deeply implanted, flattened, without enamel 

band. (7) Third inferior molar with four complete crests, the fifth crest variable. (8) Mast. angustidens of Pontlevoy smaller than that of Orléanais and 
apparently more complex. An M. angustidens of larger size and much more complicated is from Steinheim (ef. Trilophodon steinheimensis Klahn, Fig. 

228 of the present Memoir). (9) Osborn, 1934: (A) Aristogenes=24-26; (B) aristogenes=23-24. Compare Trilophodon cooperi (Fig. 300, p. 341), 

aristogenes 19-20. 

(D) Mayet, 1908, Pl. vu, fig. 3: Type of Miomastodon depereti sp. nov. (described in the Appendix at the close of the present Vol. I), the Lower 

Miocene stage of the true Mastodon. The measurements of this type molar are: 1.M3, ap. 129 mm., tr. 65 mm., index 50. 

13. MIGRATION OF EURASIATIC TRILOPHODON AT THE CLOSE OF THE MIOCENE 

So far as now known, Trilophodon became rare, or migrated from Eurasia to America, at the close of 

Miocene or beginning of Pliocene time both in Europe and Asia, to be replaced in Eurasia by Tetralophodon be- 

ginning with the Tetralophodon longirostris of Eppelsheim. Pliocene Trilophodonts are Trilophodon (Choer.) 

pentelicus (Figs. 205, 206) of Pikermi, and T. hasnotensis (Fig. 417) of Hasnot, India. 

It should be clearly understood that the above synopsis of the types and type descriptions of the twelve 

European, Asiatic, and North African stages of Trilophodon is preliminary to full monographic research, which 

can only be made by comparison and measurement of the original type and referred specimens not available to 

the present author. Doubtless the evolution phases in the successive mutations and species in the Miocene and 

Lower Pliocene of Europe, including Greece, will become as clearly definable as those of southern Asia represented 

in the synthetic figure (Fig. 222). 

As we have observed, the prominent central conules in the inferior valleys distinguish all the truly referred 

species of T’rilophodon in the present chapter, as clearly seen in the third inferior molars of Trilophodon cooperi 
(Fig. 222), of T. palxindicus (Fig. 222), of T. chinjiensis (Fig. 222), of T. macrognathus (Figs. 219, 222), of 

T. angustidens (Fig. 222), of T. steinheimensis (Fig. 228). They reappear in America in T. willistoni (Figs. 239, 
240), in T. osborni (Figs. 251, 252), in T. giganteus (Fig. 259), and in T. pojoaquensis (Fig. 276). T. hasnotensis 

(Fig. 417) appears to be the final stage in India. 

‘Identified by Mayet, 1908, caption to Plate vu, as third superior molars. 



14. BRACHYODONT, FOREST-LOVING SPECIES OF THE EAST COAST OF NORTH AMERICA 
(December, 1932) On very close reéxamination of the cast (Amer. Mus. 1909) of Leidy’s classic type (Figs. 232, 233) of ‘Mastodon’ 

obscurus, also of the original type molar fragments of ‘Serridentinus’ simplicidens Osborn, these two species prove to belong in the 
genus Trilophodon because of the presence of ‘central conules’ uniting as central trefoils with the median conules. 

Trilophodon simplicidens Osborn, 1923 

Figures 231, 350B1, B2 

From the Bone Valley formation, Lower Pliocene, near Pierce, Polk 
County, Florida. 

This very primitive species occurs in the Bone Valley forma- 
tion of Florida, regarded as of Lower Pliocene age; it is, 

however, much more primitive than species usually found in the 

Pliocene and may be intrusive from older Miocene beds. The ridge- 
crests (height 35 mm.) are much lower 

than in Trilophodon obscurus (52 
mm.), as shown in comparative figure 

350, B1, C1. 
The original description by Osborn! 

is as follows: 
Serridentinus simplicidens Osborn, 

1923. ‘New Subfamily, Generic, and 

Specific Stages in the Evolution of the 

Proboscidea.’’ Amer. Mus. Novitates, 

No. 99, December 27, 1923, p. 2. 

Typr.—A third inferior molar of the 
right side, r.Ms; (Amer. Mus. 1907). 

Horizon anv Locauity. Lower Plio- 
cene or Miocene (?), near Pierce, ' 

Florida. Tyrer Ficure.—Figure 231 

of the present Memoir. 
Tyre Descriprion.— (Op. cit., 

Osborn, 1923.601, p. 2): “This is the 
smallest and simplest member of the 

Serridentinus phylum thus far found on 
the southeast coast of the United 
States. The type of the species is a 
molar tooth, Amer. Mus. 1907 (and 

associated fragments), from Lakeland 
{near Pierce], Florida, presented by Mr. 

C. R. Halter in 1922, and originally 
identified by Osborn (in 1922) as 

‘Mastodon’ obscurus Leidy. A com- 

parison with the type of ‘Mastodon’ 

obscurus (Philadelphia Acad. 13278) 

shows that the specific stage of Serri- 
dentinus simplicidens is more bunodont, 
the cones and crests being lower and 

much simpler, and the lateral crests of 

the outer cones less fully developed.”’ 
In a simpler stage of evolution 

than the type of M. [Trilophodon] 
obscurus is the type molar, r.Ms, of 7. 

simplicidens (Fig. 231), together with 

fragments of tusks, of pelvis, of femur, 
and of ribs, also head of humerus, of 
somewhat doubtful association (Amer. 

Mus. 1907) from near Pierce, Florida, kindly presented to the 

T. simolicidens 
Amer. Mus. 1907 Type 

implicidens 
Amer. Mus. 1907 Type 

f.™Ms3 

Type oF TRILOPHODON 

SIMPLICIDENS 

Fig. 231. Type of Serriden- 

tinus simplicidens Osborn, 

1923 (Amer. Mus. 1907). A 

specimen, r.M3, from near 

Pierce, Florida, presented to 

the American Museum by Mr. 

C. R. Halter in 1922; from 

the Bone Valley formation, 

probably of Lower Pliocene 
age. One-third natural size. 

The association of the tusk 

(A) with the grinding tooth 

(B) is doubtful; A and B may 

belong to different individuals, 

American Museum in 1922 by Mr. C. R. Halter, in charge of the 
Biology Department of Southern College, Lakeland. The molar 
fragment of M; consists of the posterior half of the metalophid, the 
tritolophid, the tetartolophid, and the talonid; as in 7. obscurus, the 
trefoil is conspicuous on the outside of the crown, a rudimentary 
trefoil appears on the anterior face of the tritolophid. Other type 
fragments are the superior tusks (Fig. 231A—vertical diameter 43 
mm., transverse diameter 40 mm.). Mingled with the above 

fragments were bones belonging to other unassociated animals. 

Comparison with T. opscurus.—Consequently the T. sim- 

plicidens type molar belongs to (1) a smaller animal than the type 

of T. obscurus, it is possibly a female, and is referred with confidence 

to a distinct species Trilophodon simplicidens. (2) The Florida 

type of T’. simplicidens is also more brachyodont and (3) somewhat 

more primitive. (4) This type corresponds in dental evolution with 

the typical Middle Miocene specimens of Trilophodon angustidens 
of Simorre, France. The comparative measurements are as follows: 

T. obscurus type, transverse across metalophid. .... . 72 mm. 

T. simplicidens type, transverse across metalophid. . . .60 

T. obscurus type, transverse across tritolophid.......71 

T. simplicidens type, transverse across tritolophid. . . .63 

T. obscurus type, transverse across tetartolophid. ... .62 

T.. simplicidens type, transverse across tetartolophid. .55 

T. obscurus type, height of tetartolophid............ 52 

T. simplicidens type, height of tetartolophid. ........ 35 

Trilophodon obscurus Leidy, 1869 

Figures, 232, 233, 350C1, C2 

Miocene (?), Greensburgh (Greensboro), Choptank formation, Caroline 
County, Maryland. 

The real characters of the veritable type of Mastodon obscurus 

from Maryland are clearly shown in the original type figure (Fig 

232), also in the new type figure (Fig. 233) prepared for this Memoir; 

the tooth is decidedly elongate and brachyodont with single central 
conules; the three crests preserved prove that it belongs to the 

Trilophodon angustidens phylum. If the protolophid were to be 

restored, this tooth would be relatively less narrow; it is more 
progressive than 7. simplicidens, and less progressive than Serri- 
dentinus productus of the Upper Miocene. 

GeroLoaic AGE (SHatruck, MARYLAND GEOLOGICAL SURVEY, 

1904, p. Lxxvil, PL. 1, Cooprank StaGe).—Greensboro lies within 

the Choptank formation immediately above the Calvert formation, 

constituting the second member of the Chesapeake Group in 
Caroline and other counties of central Maryland (op. cit., Pl. 1); 
it contains a Miocene marine molluscan fauna. In this Maryland 

Geological Survey Miocene Memoir of 1904, Leidy’s type of Masto- 

don obscurus is not mentioned. The Choptank formation may con- 

fidently be regarded (Shattuck, 1902, op. cit., 1904, p. xl) as of 

Middle Miocene age. 

Osborn, 1933: Final study of the veritable type of Mastodon 
obscurus Leidy proves that it does not belong in the genus Serriden- 

tinus Osborn, but in the related though distinct genus Trilophodon 

1(Osborn, 1935) This type, erroneously referred in 1923 to Serridentinus, now proves to be referable to Trilophodon. 
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Falconer. The phylogenetic position of 7’. obscurus appears to 

be distinct from the species Mastodon (= Serridentinus) productus 

of Cope and M. [=Ocalientinus (Ser.)] floridanus of Leidy. 

We regard this animal as in a relatively simple stage of evo- 

lution as represented by the type molar tooth of Mastodon obscurus, 

which we have finally determined as the posterior portion of a third 

inferior molar of the left side, 1.Ms (see Fig. 232 reproduced from 

Leidy’s Memoir of 1869). Great confusion has arisen in previous 

descriptions of M. obscurus owing to the fact that the specimens 

referred by Leidy to M. obscurus (Tarboro, N. C., Georgia, inde- 

terminate locality) really belong to the distinct and much more pro- 

gressive species of the Serridentine, i. e., Ocalientinus (Ser.) 

obliquidens; one of these progressive specimens (from Tarboro, 

N. C.), erroneously selected by Merrill (1907, p. 45) as the leeto- 

type of Mastodon obscurus, actually belongs to O. (S.) obliquidens 

(Figs. 382, 384). 

The type tooth is so important in the history of American 

paleontology that we give it the following very full description: 

Mastodon obscurus Leidy, 1869. “The Extinct Mammalian 

Fauna of Dakota and Nebraska,” etc., Journ. Acad. Nat. Sci., 

Phila., (2), Vol. VII, 1869, pp. 244, 396. Typr.—Plaster 

cast of a Mastodon tooth (i.e., ‘‘ Baltimore tooth’’) in the Museum 

of the Academy of Natural Sciences of Philadelphia (Phil. Acad. 

OricinaL TyPE FIGURE OF TRILOPHODON OBSCURUS 

Fig. 232. Original type figure of Mastodon obscurus Leidy, 1869, Pl. xxvun, 

fig. 13. Third inferior molar of the left side (cast Phil. Acad. 13278, cast 

Amer. Mus. 1909); one-half natural size. From Greensburgh, Caroline County, 

Maryland. 

Observe the narrow, elongated form of this molar tooth, showing large ex- 

ternal trefoils also rudimentary internal trefoils in two of the inner valleys. 

13278, cast Amer. Mus. 1909), original lost, reputed to have been 

found in the Miocene formation of Maryland; recognized and 

labeled by Charlesworth as M. longirostris Kaup. TYPE 
Ficgure.—Op. cit., 1869, Pl. xxvu, fig. 13. Type Locauiry.— 

(Op. cit., 1869, p. 244): “It was found at the depth of fifteen feet 

from the surface in a bed of marl near Greensburgh, Caroline Co., 

Maryland, and is considered by Mr. Lyell as a miocene fossil.” 
(Op. cit., 1869, p. 245, ef. Pl. xxvut, fig. 13) Intermediate in charac- 
ter between M. americanus and M. angustidens; present diameter 
sixty-eight lines, when perfect estimated at six and one-third 
inches; crown presents four transverse ridges and a heel, each ridge 
composed of inner and outer lobes, inner lobes with distinct tre- 
foils, outer lobes simple. 

Leipy’s Type Description.—(Op. cit. 1869, p. 244): “In 
the collection [of Dr. Richard Harlan] I observed the plaster cast 
of a Mastodon tooth [Fig. 13], which struck me from its resemblance 
to a certain tooth of somewhat enigmatic character preserved in 
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the Museum of this Academy. . . . Notwithstanding an extra- 

ordinary likeness, subsequent examination and comparison proved 

that the cast was derived from a different specimen. . . . The 

original of the cast is lost, . . . It was found at the depth of fifteen 
feet from the surface in a bed of marl near Greensburgh, Caroline 

Co., Maryland, and is considered by Mr. Lyell as a miocene fossil. 

_ . . The original is also referred to by Dr. Warren, in his work on 

the Mastodon giganteus of North America, under the article headed 

‘The Baltimore Tooth,’ page 78. . . . ‘In the year 1843 a state- 

ment was made by Mr. Lyell on the miocene deposits of the 

United States, in which he noticed this tooth.’ . . . . The cast, 
represented in figure 13, plate xxvu, is that of a last inferior molar 
of the left side, and indicates the tooth to have been intermediate in 

character with the corresponding teeth of M. americanus and M. 

New Ficure or Tyre oF TRILOPHODON OBSCURUS 

Al (inner view) lmg5 

M. obscurus  _ 
Phila. Acad. 13278 Type 
Drawn from cast of type 

1/3 nat. size 

Fig 233. New Mastodon obscurus type figure, 1.M3, in three aspects, 

one-third natural size. After cast of type of M. obscurus (Phil. Acad. 

13278, cast Amer. Mus. 1909) kindly loaned by the Academy. Observe that 

the protolophid is fractured and that the metalophid is the first complete 
crest exposed. 

A, Crown view similar to that of Leidy’s fig. 13 of Pl. xxvir. A1, Internal 

view showing rudimentary internal trefoils in the two anterior valleys. A2, 
External view showing central conules and external trefoils in three valleys. 

angustidens. Fore and aft it is about the size of small specimens of 

teeth of the former species, but is proportionately narrower, and 

agrees better in this respect with those of the latter species. The 

crown presents four divisions or ridges and a heel, each of the 

former being composed in the usual manner of a transverse pair of 
lobes. . . . The fore and aft diameter of the cast in its present 

condition is sixty-eight lines, and when perfect is estimated to have 

been about six and one-third inches. ... . The cast exhibits 
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so remarkable a resemblance in every respect with the representa- 

tion of a tooth described by Prof. Owen in his History of British 
Fossil Mammalia, that it might readily be taken for a copy of the 

latter tooth.” 

MIsTAKENLY REFERRED SPECIMENS.—Leidy proceeds (op. 

cit., p. 247) to describe another specimen (Tarboro), which he 

mistakenly regarded as of the same species [Fig. 16]: ‘Since 

writing the above, I have received for examination, from the 

Smithsonian Institution, two fragments of Mastodon teeth 

found at Tarboro, North Carolina. One is the posterior half of a 

last inferior molar, and is represented in figure 16, plate xxvu.” 

This specimen proves to belong to the species Ocalientinus (Ser.) 

( 
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obliquidens; it was erroneously identified as the type of Mastodon 

obscurus by Merrill (1907, p. 45). 

Osborn, 1932: This Mastodon obscurus type third inferior 

molar, 1.M;, known only from casts, has justified its specific name 

‘obscurus’; only recently (December, 1932) has it been transferred 

by Osborn from Serridentinus to Trilophodon because of the 

presence of ‘central conules’ (new Fig. 233) and of ‘central tre- 

foils’ in the second ridge-crest. Trilophodon obscurus is in a 

trilophodont stage of evolution similar to that of Cuvier’s type of 

Mastodon {=Trilophodon\ angustidens from Simorre, Middle 

Miocene of France (Cuvier, 1806.3, ‘Plate 1, Divers Mastodontes’’; 

Lartet, 1859, Pl. xrv, Figs. 1-4, M. angustidens). 
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2295MM., 76% e 

TRILOPHODONTS, PRIMITIVE AND PROGRESSIVE, OF EuRAsSIA AND NortH AMERICA 

ONE-HUNDREDTH SCALE 

RESTORATIONS BY MARGRET FLINSCH, UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 



15. ‘UPROOT-TUSKERS’ OF KANSAS, NEBRASKA, SOUTH DAKOTA, COLORADO, AND 

NEW MEXICO, DESCRIBED BY ANDREWS, BARBOUR, COPE, MATTHEW, 

OSBORN, COOK, FRICK, AND PETERSON 

That the remarkably long-jawed or hyperlongirostral Trilophodonts of America are closely related to the 

Miocene collective species Trilophodon angustidens of France and to the Trilophodonts of India is indicated not 

only in the extraordinary length of the lower jaw but in the simplicity of the third superior and inferior molar 

teeth; the latter, M;, are four to five and a half crested, with prominent central conules; the breadth-length 

indices (as measured by Osborn) are from 40 to 45, the prevailing index being 40. The following valuable table of 

comparative measurements, omitting those of 7. morrilli' [=Eubelodon morrilli of the present Memoir, see Chap. 

XII], was published by Cook in 1922, p. 8, in his description of “Two New Bunomastodonts from Colorado” ; 

to this we add the measurements of Trilophodon (Megabelodon) lulli”, T. abeli, and T. frickv. 

T.[Amebelodon| T.[{Amebelodon] 

hicksi paladentatus T. lull?” T. osborni T. abeli T. fricki 

mm. mm. mm. mm. mm. mm. 

Length of sixth molar, M3... . 199 174 222 190 [196] 185 172 

Width of sixth molar, M.... . 80 79 89 76 [80] 76 73 
Breadth-length index of Ms. . 40 45 40 40 [41] 41 42 
Total length of mandible and 

TUISkeee eesti inc ees 1420 1482 1522[1525] 1359 1292 

Total length of mandible with- 

OUG TUSK as cise one sake 1050 910° [1504?] 1346 1156 1134 

Greatest width of mandibles 

across condyles........... 475 342 597 647 

Transverse thickness of jaw 

MNGER UV gsc secre cis ores cei 141 112 102 140 

Greatest depth of jaw under 

Mitotanctrraescsse ee ue. 150 151 206 evens 190 Bere: 

Total length of symphysis... . 460 438 724 483 470 492 
Length of tusks beyond sym- 

POYEIS Eee ate. Sess S 380 485 er: 249 216 132 
Greatest width of lower tusks. 92 102 cee 249 
Greatest thickness of lower 

BURRS ee ratte stances eiens os + 3 49 46 5 be 38 
Length, bifurcation to con- 

LV NOS ies manccte mn, «6.0 585 572 788 
Width of jaws through sym- 

physis at large mental 

WGVEAINCD Sasi tect a’ose sched 142 raees 102 127 

Depth at same point........ 160 155 127 152 

The faunal assemblage is regarded as of Upper Miocene and Pliocene age (Fig. 188, p. 248). The geographic 
distribution of the types in chronologic order of their original description is as follows: 

1. Trilophodon dinotherioides Andrews, 1909, northwestern Kansas. Strongly decurved lower jaw. 
2. Trilophodon (Genomastodon) willistoni Barbour, 1914, Devil’s Gulch, Niobrara River, Brown County, Nebraska. A juvenile type. 
3. Trilophodon (Megabelodon) lulli Barbour, 1914, 1917, Snake River, Cherry County, Nebraska. Excessively long jawed. 
4. Trilophodon ligoniferus Cope and Matthew, 1915, Black Hills, South Dakota. Anterior portion of jaw fragmentary. 
5. Trilophodon (Genomastodon) osborni Barbour, 1916, Bristow, Boyd County, Nebraska. Young adult animal, long jawed. 
6. Trilophodon giganteus Osborn, 1921, Eastview, near Dallas, Gregory County, South Dakota. A very large, long-jawed type. 
7. Amebelodon (Trilophodon) hicksi Cook, 1922, Wray, Yuma County, Colorado. Fine jaws, moderately elongated. 

‘Genus Eubelodon Barbour, provisionally regarded as distinct from the Longirostrines and as related to the Humboldtines of South America 
*The Trilophodon (Megabelodon) lulli mandible lacks the incisive tusks. The original restorations and measurements (Figs 243, 244) were erroneous. 
’Measurements approximate. : 
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8. Amebelodon (Trilophodon) paladentatus Cook, 1922, Wray, Yuma County, Colorado. Excessively long jawed. 
9. Trilophodon abeli Barbour, 1925, Devil’s Gulch, Brown County, Nebraska. Perfect young adult jaw. 

10. Trilophodon pojoaquensis Frick, 1926, Santa Fé marls, Santa Fé County, New Mexico. 
11. Trilophodon fricki Peterson, 1928, Brown’s Park formation, Moffat County, Colorado. A long-jawed type. 
12. Trilophodon phippsi Cook, 1928, near Ainsworth, Brown County, Nebraska. A long-jawed type. : 

The theoretic phylogenetic order is treated in Section 17 of the present Chapter VIII. It is impossible to 
determine at present the specific resemblances and differences of these species; consequently they are all listed in 
chronologic order awaiting a final monographic revision which in turn will depend largely on a precise determina- 
tion of the geologic horizons and levels in which the types occur. 

All these trilophodont types of America appear to exhibit the following chief characters in common: (1) 

Hyperlongirostral; lower jaw extremely elongate, horizontal, or slightly deflected (7. dinotherioides). (2) Third 

inferior molars consisting of four transverse ridges and a posterior lobe or rudimentary pentalophid, progressive, with 

cement (7’. dinotherioides) ; five transverse ridges and a rudimentary sixth ridge, hexalophid (7’. hicksi"); (3) single 

central trefoils in superior and inferior molars, on median side of internal and external lobes respectively. (4) 

Third inferior molars long and narrow, prevailing breadth-length index 40 (45 in T. paladentatus', 36 in T. dino- 

therioides). (5) Length and breadth of third inferior molars, minimum (7. paladentatus) length 174 mm., breadth 

79 mm., maximum (T’. lulli) length 222 mm., breadth 89 mm. (6) Inferior incisive tusks elongate, flattened, 

horizontal or inturned so as to face each other, e.g., T. giganteus, T. dinotherioides, T. paladentatus. (7) While 

single trefoils prevail (T. willistont), progressive double trefoils are observed (T. osborni, Fig. 249, T. giganteus, Fig. 

259, T. hicksi, Fig. 260, T. dinotherioides, Fig. 236). (8) Median conules, Phiomia osborni (Fig. 185), T’. osborni 

(Fig. 252). 

Synopsis oF MANDIBULAR CHARACTERS IN AMERICAN TRILOPHODONTS AND AMEBELODONTS 

1. Trilophodon dinothericides Andrews, 1909, northwestern Kansas. Type lower inferior ramus, imperfect anteriorly, 
strongly decurved. Stage aged; M2 shed, Ms well worn, with four and a half to five crests. Cement. Rudiments of 
double trefoils on proto- and metalophids. Meas.: Ms, ap. 240 mm., tr. 87 mm., index 36. ‘Oblique-tusker.’ 

2. Trilophodon (Genomastodon) willistoni Barbour, 1914, Devil’s Gulch, Brown County, Nebraska. Juvenile type skull and 
jaws, in milk dentition. Stage juvenile. Jaws moderately elongated, medilongirostral. ‘Prod-tusker.’ 

3. Trilophodon (Megabelodon) lulli Barbour, 1914, Snake River, Cherry County, Nebraska. Genotype of Megabelodon. 

Type skull and jaws, extremely aged; M2 shed, Ms extremely worn, with three and a half crests (fide Barbour, 
1927). Meas.: Ms, ap. 222 mm., tr. 89 mm., index 40. Tuskless bony rostrum of jaw extremely elongated. 

4. Trilophodon ligoniferus Cope and Matthew, 1915, Black Hills, South Dakota. Type incomplete lower jaw. Stage adult; 
M: shed, Mz deeply worn, M; large, with four and a half to five crests; lophs elevated (hypsodont). Ramus slightly 

decurved. Meas.: Ms, ap. 245 mm., tr. 92 mm., index 38. Rudiments of double trefoils. (?) ‘Oblique-tusker.’ 

5. Trilophodon (Genomastodon) osborni Barbour, 1916, Bristow, Boyd County, Nebraska. Genotype of Genomastodon. 

Stage young adult; second and third superior and inferior grinders in function, M**-Me.s; third lower molar, Ms, with 

zi; erests; third superior and inferior molars with rudiments of double trefoils (tr.e., Fig. 249). Meas.: Ms, ap. 190 

{196] mm., tr. 76 [80] mm., index 40 [41]. ‘Prod-tusker.’ 

6. Trilophodon giganteus Osborn, 1921, Eastview, near Dallas, Gregory County, South Dakota. Type jaws and skeleton. 

Stage young adult; Me, M; in full function. Jaws elongated, slightly decurved. Third inferior grinders with four 

and a half to five crests. Rudiment of double trefoil on tetartolophids only (1. tr., Fig. 259). Meas.: Ms, ap. 172mm., 

tr. 91 mm., index 53. ‘Oblique-tusker.’ 

7. Amebelodon (Trilophodon) hicksi Cook, 1922, Wray, Yuma County, Colorado. Stage aged adult; My shed, Ms greatly 

worn, with five and a half crests. Ramus moderately elongated; lower incisors greatly elongated. Rudiments of 

double trefoils on meta-, trito-, and tetartolophids (see Fig. 260). Meas.: Ms, ap. 199 mm., tr. 80 mm., index 40. 

‘Shovel-tusker.’ 

8. Amebelodon (Trilophodon) paladentatus Cook, 1922, Wray, Yuma County, Colorado. Type very aged lower jaw, anterior 

portion broken, lower tusks greatly elongated. Stage extremely aged; Ms alone functioning, with four crests. Meas.: 

Ms, ap. 174 mm., tr. 79 mm., index 45. ‘Shovel-tusker.’ 

'Trilophodon hicksi and 1. paladentatus ancestral to Amebelodon. 
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9. Trilophodon abeli Barbour, 1925, Devil’s Gulch, Brown County, Nebraska. Type perfect young adult jaw, Mo, Ms in full 

function. Bony ramus elongated, slightly decurved. Ms with four and a half crests. Meas.: Ms, ap. 185 mm., tr. 

76 mm., index 41. Double trefoil rudiments. ‘Prod-tusker.’ 

10. Trilophodon pojoaquensis Frick, 1926, Santa Fé marls, New Mexico. Portion of left maxilla and adjacent region contain- 

ing M2, M in full function, also both tusks; left tusk decurved; M? with four and a third crests. Meas.: M°, ap. 

197 mm., tr. 100 mm., index 51. Young adult stage. ‘Prod-tusker.’ 

11. Trilophodon fricki Peterson, 1928, Brown’s Park formation, Moffat County, Colorado. Greater portion of skull and 

lower jaws found interlocked in normal position; ribs and limb bones of an adult, but not old, individual; 

M; with 34 erests. Meas.: Ms, ap. 172 mm., tr. 73 mm., index 42. ‘Prod-tusker.’ 

12. Trilophodon phippsi Cook, 1928, from near Ainsworth, Brown County, Nebraska. Associated skull and jaws, and essen- 

tially complete skeleton. Ms; with 4+crests. Meas.: Ms, ap. 232 mm., tr. 82 mm., index 35. Tuskless. 

We owe to Prof. Erwin H. Barbour the discovery and description of the finest types of American trilopho- 

donts. To the following five types he gave generic rank, namely: 

Genomastodon Barbour, 1917, based on Tetrabelodon willistoni, Amebelodon Barbour, 1927, based on Amebelodon fricki. 

T. osborni. Torynobelodon Barbour, 1929, based on Torynobelodon loomisz. 

Megabelodon Barbour, 1914, 1917, based on Tetrabelodon lulli. 

Mastelephas Barbour, 1917, without definition or specified type. 

GENoMASTODON.—(Barbour, 1917, p. 511): ‘As stated in previous articles, little doubt remains that the 

long-jawed mastodons from our northern tier of counties [i.e., of Nebraska] constitute a distinct group of probo- 

scideans. For some time we have called this group the genomastodons in allusion to their grotesquely elongated 

‘chins’ or jaws. Longirostral mastodons seem to have reached their maximum in such forms as Tetrabelodon 

willistoni, lulli, osborni, and the like. For the present at least, the above may be grouped under a new and 

distinct genus, Genomastodon [Footnote: ‘Geno yes chin, mast uacros nipple, odon déovs tooth’}.” 

MercaBELopon.—(Barbour, 1917, p. 511): “In the case of Tetrabelodon lulli, the sub-generic title Megabelo- 

don {Footnote: ‘Barbour, Erwin H. A New Longirostral Mastodon from Cherry County, Nebraska. Vol. 4, 

Pt. 14, Bull. 36, page 217.’] was proposed, but it seems entitled to higher rank. It is well-advised, wherever pos- 

sible, to adhere, by means of suitable prefixes and ~ er + phates LS 

suffixes, to such familiar and well-established words ; ax 

as Elephas and Mastodon, which have found their 

way into common speech. Tetrabelodon, meaning 

four-tusker is also a significant and definitive term, pe SSS <n 

which is finding its way into current literature. The 

tetrabelodons of Europe differ so widely from those of 

America that it seems imperative to coin names for s Aes TRILOPHODON (GENOMASTODON) OSBORNI 

our Nebraska forms. It is interesting to note that Fig. 235. “Conjectural restoration of Tetrabelodon osborni.” After 
Barb 5 

between the genomastodons on the one hand and wa age nt 

our mammoth on the other, there seems to be a very distinct intermediate group, which partakes at once, and 

equally, of the characteristics of Mastodon and Elephas. For this new intermediate group, we shall later 

propose the generic name Mastelephas, of which some 5 or 6 species, represented in the Nebraska State Museum, 

are being figured and described. These are distinct from the stegodonts.”’ 

AMEBELODON Barbour.—‘Shovel-tuskers’ characterized on pages 226, 328, and fully described and figured in 

Section 18, pages 333-338 below. 
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Osborn, 1926: Now that the American types of species are so closely connected up with the Trilophodon 

types of India and of western Europe, as figured above in this chapter, we do not find clear generic distinctions to 

validate the term Genomastodon. Trilophodon (Megabelodon) lulli is subgenerically distinct. 

Trilophodon dinotherioides Andrews, 1909 

Figures 188, 236, 453 

Northwestern Kansas, Lower Pliocene. 

Compare with Trilophodon (Genomastodon) willistoni Barbour, 1914. 

The grinding teeth of this animal compare with those of the 

typical Trilophodon. The sharper decurvature of the jaw and the 
lateral compression of the lower incisor teeth suggest Rhyncho- 
therium; the length of the jaw, however, precludes the reference of 

this type to Rhynchotherium. It is a progressive ‘oblique-tusker.’ 
Tetrabelodon dinotherioides Andrews, 1909. ‘‘Note on the 

Mandible of a New Species of Tetrabelodon from the Loup Fork 
Beds of Kansas.’’ Geol. Mag., N.S., Dee. V, Vol. VI, 1909, pp. 
347-349. Typre.—A fairly complete mandible, ‘‘the upper 

portion of the ascending ramus being wanting on the left side, while 

Mandible of Zetrabelodon dinotherioides, sp. nov., Andrews, from the Loup Fork 
Beds, North-Western Kansas. 

A. Right side of mandible, y's nat. size. 
ms per view of entire mandible, yy nat. size. 

C. Upper view of third right lower molar, } nat. size. 

| ano of tusk ; cond.=condyle ; cor.=coronoid process ;_ m*=third lower 
molars, 

Drawn from original specimen in the Geological Department, British Museum 
(Natural History). 

Type oF TRILOPHODON DINOTHERIOIDES 

Fig. 236. Type figure of Tetrabelodon dinotherioides Andrews, 1909, 

__p. 348. Brit. Mus. M.9778. A, B, one-twelfth natural size; C, one-sixth 

natural size. Observe lateral compression of mandible and tusks. 

on the right the articular condyle is much worn. The symphysial 

region also is imperfect, the outer walls of the sockets of the great 

lower tusks being broken away, while the extremity also is missing, 
the symphysis when complete probably having been considerably 

longer.” Horizon anv Locauiry.—Collected by Mr. C. H. 

Sternberg in the Loup Fork beds of northwestern Kansas. Brit. 

Mus. M.9778. Tyre Ficure.—Andrews, op. cit., p. 348. 

Type Cuaracters.—(1) The most striking character is the 

long, massive symphysis, deflected to a greater extent than in any 

other Tetrabelodon, though considerably less so than in Deinotherium. 

(2) The spout-like upper surface of the symphysis is narrow and 
deep posteriorly, its concavity being about a semicircle; in this 

region its alveolar edges are comparatively thin and sharp. (3) 
Lower tusks very large, the vertical diameter of their roots (11 

em.) exceeding the lateral diameter. (4) The last molars, Ms, 

consist of four transverse ridges and a posterior lobe, each composed 

of an outer and inner cone. (5) Outer tubercles with a trefoil 

pattern, while the inner tubercles are imperfectly divided into an 

inner and an outer portion. (6) Tendency to alternation of the 

internal and external cones or tubercles. (7) Cingulum developed 

on the outer side of the tooth, opposite the openings of the trans- 
verse valleys. (8) Crown low, but thickly covered with cement 

which nearly fills the valleys. (9) Distinguished from 7. [= Rhyn- 

chotherium] euhypodon by the greater deflection of the symphysial 

region and the larger number of ridges in the last lower molar. 

MEASUREMENTS 
Mm. 

Length of last lower mblarsc¢.,+<.¢sstass) - > sos 240 

Width of last lower molar;. 2); 22. + ae 87 

Length from condyle to tip of symphysis (approx.).. 1265 

This important type described by Andrews in 1909 apparently 

belongs in the Trilophodon phylum, because: (1) The third inferior 

molars consist of four tranverse ridges and a posterior lobe or penta- 
lophid; (2) the outer lobes present a single trefoil; (3) the crown is 

brachyodont and thickly covered with cement which nearly fills the 

valleys; (4) the measurements and indices of the third inferior 

molars, namely, ap. 240 mm., tr. 87 mm., index 36, are similar to 

those in other Trilophodonts; (5) the incisor teeth are turned 

laterally, tending to face each other, a tendency also observed in 

the T. giganteus type. 

Osborn in 1921 was at first inclined on account of the decurva- 

ture of the jaw to regard this animal as related to Rhynchotherium, 

but it is readily distinguishable from any member of the Rhyncho- 

therium series by the very long, narrow proportions of the third 

inferior molar teeth which in all the Rhynchorostrine are relatively 

short and broad. It is distinguished from members of the Tetra- 

lophodon phylum by the presence of single trefoils, by the brachyo- 

donty of the molars, and by the presence of four and a half to five 

crests in the third inferior molars, which are highly distinctive of all 

the members of the Trilophodon phylum. Consequently we place it 

in this phylum. The marked deflection of the lower jaw and the 



Typ SKULL OF TRILOPHODON (GENOMASTODON) WILLISTONI. 

Fig. 237. Juvenile type skull and jaws of Tetrabelodon willistoni Barbour, 1914.1, Pls. v and v1, one-tenth natural size. Neb. 

Mus. 2-16-5-13. From Devil’s Gulch A, Nebraska; probably of Lower Pliocene age. 

Type Lower Jaw or TRILOPHODON (GENOMASTODON) WILLISTONI 

Fig. 238. Juvenile type lower jaw of Tetrabelodon willistoni 
Barbour, 1914.1, Pl. vi, one-tenth natural size. Neb. Mus. 2-16-5- 
13. From Devil’s Gulch A, Nebraska. “Tetrabelodon willistoni. a, 
mandible showing slightly decurved [rostrum and] symphysis; deep 
groove, and two strong tusks; molars 2, 3, 4; strong ascending 
rami; relatively high condyles and coronoids, and a pronounced 
sigmoid notch. 6, top view. c, bottom view.” 

If this young jaw belonged to a true hyperlongirostrine, it would 
have increased rapidly in length as the animal grew older. 

Type: Nebr: Mus. 

A PRIMITIVE ‘PROD-TUSKER’ 

Tyre Lower JAw or TRILOPH- 

opon (GENOMASTODON) 

WILLISTONI 

Fig. 239. Type juvenile lower 

jaw of Tetrabelodon  willistoni 

Barbour (Neb. Mus. 2-16-5-13), 

after original sketch by Professor 
Barbour. (Compare Barbour, 

1914.3, p. 216, fig. 2.) 

Type oF TRILOPHODON (GENO- 

MASTODON) WILLISTONI 

Fig. 240. Juvenile type of 
Tetrabelodon willistoni Barbour 

(Neb. Mus. 2-16-5-13). After 
pencil sketch by Osborn. Com- 
pare Barbour, 1914.1, p. 193: 

“The teeth are trilophodont. 

Those of the upper jaw are four 

in number, of the lower, three. 

All of the ‘Tetrabelodon’ teeth 

found on this level seem to be 
small.” 

Observe that the trefoil con- 
ules are directly in the center of 
the valleys. 

ey 
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compressed condition of the fangs of the lower incisor teeth give 
the species Trilophodon dinotherioides a rather aberrant character. 
The presence of cement indicates that it is the most progressive 

member of the Trilophodon series thus far discovered. The four and 

a half to five crests of the lower molars are less progressive than 
the lower molars of Amebelodon (Trilophodon) hicksi (Fig. 260). 
Incisive tusks vertically expanded. 

Trilophodon (Genomastodon) willistoni Barbour, 1914 

Figures 172, 188, 237-241 

Lower levels (A) of Devil’s Gulch deposit, Niobrara River, Brown County, 

Nebraska; Lower Pliocene. 

The genus Genomastodon Barbour, 1917, named in reference to its elon- 

gated and slightly deflected chin or rostrum (Fig. 238) is here regarded as 
synonymous with Trilophodon Falconer. A primitive ‘prod-tusker.’ 

JUVENILE Typn.—We are very fortunate in the discovery and 

description by Prof. E. H. Barbour of the juvenile characters 
The type of ‘Tetrabelodon’ willistoni of a typical Trilophodon. 
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and the like. For the present at least, the above may be grouped 

under a new and distinct genus, Genomastodon.” Thus by the 

elimination of Tetrabelodon lulli, T. willistoni becomes the first 

genotypic species of the genus Genomastodon: Geno yevos chin, 

mast paoros nipple, odon déovs tooth. 

Tetrabelodon willistoni Barbour, 1914. ‘‘Mammalian Fossils 

from Devil’s Guleh.”” Univ. Studies, Univ. Neb., Vol. XIV, No. 2, 

April, 1914, pp. 192-194. Tyre SKULL AND Jaws [JuvVE- 

NILE].— .. . ‘‘a nearly perfect skull with mandible, one cervical 

vertebra and numerous ribs, . . . The skull lacks parts of the 

zygoma, one exoccipital, part of the other, and the basioccipital. The 

mandible is without blemish.” Museum, University of Nebraska, 

No. 2-16-5-13. Horizon anp Locauiry.—Lower Pliocene; 

lower levels (A) of Devil’s Gulch deposit, Niobrara River, Brown 

County, Nebraska. Tyrre Ficure.—Op. cit., Pls. v, v1, 

and VII. 

Type Description.—(Op. cit., Barbour, 1914.1, p. 192): 

“This species, consisting of a nearly perfect skull with mandible, one 

Fig. 241. Left humerus (one-tenth natural size) and five tusks showing varying widths of enamel bands, referred to Tetrabelodon 

[ =Trilophodon] willistoni Barbour, Devil’s Gulch A, Nebraska. After Barbour, 1914.1, Pl. x1, figs. f, g, bh. 

Barbour is a young male skull with the complete milk dentition in 

situ and the first superior molar. (1) The grinding teeth of the type 

include Dp-Dpz, Dp*-Dps, Dp*-Dps, M'. (2) The structure of 
these intermediate teeth is trilophodont, with single trefoils as in 

Serridentinus productus. (3) The ridge formula is: Dp 2*;~, 
Dp 322”, Dp 43, M1. It is difficult to determine from this 
very immature specimen whether this specific stage is the same as 
one or other of the adult hyperlongirostrines subsequently described 

by Barbour and Osborn. 
History.—Barbour originally (1914.1, pp. 192-194) described 

this type as Tetrabelodon willistoni; subsequently (1917, p. 512) 

he wrote: ‘“Longirostral mastodons seem to have reached their 

maximum in such forms as Tetrabelodon willistoni, lulli, osborni, 

cervical vertebra and numerous ribs, was found in Quarry No. 2, 

about 115 feet below the general level, 75 feet below, and about 

300 feet distant from Quarry No. 1. This species is named for Dr. 

S. W. Williston. The skull lacks parts of the zygoma, one ex- 

occipital, part of the other, and the basioccipital. The mandible is 

without blemish. The skull is narrow, and with inferiordome. The 

occiput, though slightly convex, is noticeably flat, and is furrowed 

but little along the median line. There is a well-marked, though 

broad, occipital crest. . . . Though not an adult, the air cells in 

the skull of T'etrabelodon willistoni are small, and the inflation 

moderate. It seems intermediate between the more typical 

ancestral forms and the later extreme forms. . . .The upper tusks 

curve downward and diverge at the tips, and on the outer side is a 
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relatively broad, flat, enamel band, resting upon the dentine and 

presenting distinct edges. . . . The teeth are trilophodont. Those 

of the upper jaw are four in number, of the lower, three. All of the 

‘Tetrabelodon’ teeth found on this level seem to be small. In the 

upper molars, the outer tubercles are long and conical, with light 

cingulum, and with no secondary cones to fill the valleys. On the 

inner side, however, the tubercles are crowded with secondary 

cones, the valleys obstructed, and the cingulum strong and 

serrated by conelets.” 

Description oF TypE MANpIBLE.—(Barbour, op. cit., 1914.1, 

pp. 193, 194): ‘‘The mandible is in a state of perfect preservation. 

Its length is 30 inches (762 mm.) and the extreme width across the 

condyles is 14% inches (368 mm.). It is but slightly decurved, and 

has a deep lingual groove with sharp edges. The mandibular border 

rounds into the ascending ramus without angle. The ascending 

ramus is strong and relatively high. The condyle has a distinct 

neck, and stands 4 inches (102 mm.) above the grinding surface of 

the molars. The sigmoid notch is deep, and the coronoid high and 

prominent. It resembles the typical coronoid more closely than 

does any proboscidean with which the writer is familiar. The sym- 
physial prolongation is 9 inches (230 mm.). Two strong mandibular 

tusks project 4 inches (102 mm.) from the jaw, and are 1% inches 

(42 mm.) through. They are worn obliquely at the tips, as shown 

in the accompanying cuts. The upper tusks had dropped out, but 

the tip of one, found in close proximity, undoubtedly belongs to this 

skull. Numerous other tusks were found on this level, and all show 

pronounced enamel bands. This early proboscidean is neither as 

low-browed, nor as long-jawed as one might expect.” 

Gerotoeic Luvet.—Collection of 1913, lower levels (A) of 

Devil’s Gulch, south side of Niobrara River, Brown Co., Nebraska. 

Found in Quarry No. 2, about 115 feet below the general level, 75 

feet below, and about 300 feet distant from Quarry No. 1. Recorded 

by Barbour as about 75 feet below the level of the type of Hubelodon 
morrilli. 

PROBOSCIDEA 

Trilophodon (Megabelodon) lulli Barbour, 1914, 1917 

Figures 188, 243-245 

Lower (?) Pliocene, Snake River, Cherry County, Nebraska. 

Megabelodon, genotypic species Tetrabelodon (s.g. Megabelodon) lulli, proves 
to be a valid subgenus or genus. 

Osborn, 1935: As recently discovered, the extremely long, 

narrow symphyseal rostrum (lig. 244), terminating in a tuskless 

‘spoonbill’ expansion, proves that the original restorations with 

a pair of prod-like tusks (Barbour, 1914) were erroneous. With 

Professor Barbour’s permission (Barbour, letter, July 24, 1935) 

these tusks have been routed out of his type figures, as reproduced 

herewith (Figs. 243, 244). The narrow tuskless mandible of 

Trilophodon (Megabelodon) lulli is shown in figure 245, page 297, 

to resemble that of Trilophodon (Amebelodon) joraki Frick (see 

Fig. 281 A). 

The superb skull and jaws discovered by E. H. Barbour in 

western Nebraska in 1914 undoubtedly exhibit a marked progres- 

sion beyond the Middle Miocene stages of T'rilophodon angustidens 

of Simorre and Sansan and represent a Lower Pliocene stage, per- 

haps as recent as Middle Pliocene. The elongation of the rostrum, 

of the superior tusks, and of the straight, nearly horizontal lower jaw 

indicates an advanced stage of evolution but at the same time a 

close generic relationship to Trzlophodon, although the fact that only 

the posterior molars function in the adult condition may justify 

the selection of this specimen as the type of Barbour’s new genus 

Megabelodon. A generic character of importance is that the third 

inferior molar is not fully tetralophodont, consisting of three com- 

pletely developed crests and a well-formed half crest; whereas in 

the typical T. angustidens stage of Simorre the third inferior molar 

is fully tetralophodont with a half pentalophid developed. Thus this 

animal is more progressive than 7. angustidens in its hyperlongi- 

rostral evolution but is less progressive in the retarded development 

of the lophs. (Barbour, letter, March 26, 1927): “There are 
three full sized crests and what I take to be a fourth crest that 

Fig. 242. Lower To Mippie Piiocenr ExposurEs of Dervit’s GULCH ON 

CoMPARE FIGURES 272 

After photographs b 

THE SOUTH Sipe oF THE NIoBRARA River, BRowN County, NEBRASKA. 

, 273, 274, anv 568 

y Morris Skinner 

(Left) Looking east up Devil’s Gulch: (1) =Eubelodon morrilli quarry on the north side of the Gulch; (2)=EHquide quarry on the south side of Devil’s 
Gulch, containing intermingled Protohippus, Pliohippus, Hypohippus, Hipparion. 

(Right) Looking west down Devil’s Gulch: (1) North side of Devil’s G 
Expedition of 1913. 

ulch showing the Hubelodon morrilli quarry of the University of Nebraska 
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narrows a good deal and is ground on such a slant that it looks 

reduced in size.” 

History.—Barbour originally described (1914.3, p. 217) this 

specimen as Tetrabelodon lulli, but in the same paper stated that it 

might be given the subgeneric title of Megabelodon. In 1917, p. 
512, he wrote: ‘In the case of Tetrabelodon lulli, the sub-generic 

title Megabelodon [Footnote: “Barbour, Erwin H. A New Longi- 

rostral Mastodon from Cherry County, Nebraska, Vol. 4, Pt. 14, 

Bull. 36, page 217.’] was proposed, but it seems entitled to higher 
rank.” Thus Tetrabelodon lulli becomes the genotypic species of 
the genus Megabelodon Barbour. 

Tetrabelodon (s.g. Megabelodon) lulli Barbour, 1914. ‘A New 

Longirostral Mastodon from Cherry County, Nebraska.” Neb. 

Geol. Surv., Vol. IV, Part 14, November 25, 1914, p. 217. TYPE 

AnD Locauiry.—(Barbour, op. cit., 1914.3, p. 214): “The mastodon 
constituting the basis of this paper was found in the exposures 

bordering the Snake River in section 33, range 30 west, and town- 

ship 32 north. The talus slope was strewn with fragments of the 

TRILOPHODON 2905 

lection, Nebraska Geological Survey, season of 1914, ‘‘notably the 

great mandible of a new longirostral mastodon from Cherry County 

{Nebraska], together with associated tusk and bones.” 

University of Nebraska, No. 10-8-14. 

are designated as the “Snake River stage’? by Barbour (p 

214). Type Ficure.—Barbour, 1914.3, Pls. mm, 1v, v, and v1. 

The type is a very aged animal in which M?-M; alone function 

Type Descriprion.—(Barbour, op. cit., 1914.3, pp. 214-221): 

“The mandible is uncommonly large, and faultlessly preserved. 

Unfortunately, the very tip of the rostrum, together with any tusks 

which it may have borne, are wanting. The great length of the 

rostrum would, in itself, be sufficient to warrant the assumption 

Museum, 

These geologic deposits 

Type SKULL AND JAWS OF TRILOPHODON (MEGABELODON) LULLI 

Fig. 243. Aged type skull and jaws of Tetrabelodon (Megabelodon) lulli Barbour (Neb. Mus. 10-8-14), one-twentieth natural size 

From notes given by the author: “The skull is restored throughout and is modeled largely after the skull of Tetrabelodon osbornt. The 

mandible and tusk, and fragments of the skull, were found together. Length of tusk (measured on the outer curve) 1,720 mm. (68 in.); 

diameter 126 mm. (5 in.).” Right upper tusk restored. 

(1935)! Trilophodon (Megabelodon) lulli is now found to lack inferior tusks. The rostrum is expanded at the tips (see Barbour, 

1934.2). A perfect juvenile rostrum (see Fig. 245) has been discovered recently (Barbour, letters, July, 1935) which resembles that 

of Trilophodon joraki Frick (Fig. 281A, p. 327). 

tusk and bone of a mastodon. This led the field party to search 

for the source of the bones higher up the canyon, where they found 
the mere tip of a tusk exposed in a cattle path. While unearthing 

this, certain associated bones were found, and finally the great 

mandible shown in the accompanying figures. It is assumed from 
the close association of these parts that they are related. Work in 

this quarry will be resumed later, in the hope of recovering the 

skull and other bones of this individual.” (Op. cit., p. 213) Col- 

‘See footnote 2 on page 288. 

that tusks were present in life"! The alveolus also suggests the 

probability of their presence, although of necessity they must have 

been slim.” 

“Measured from the condyle, the unbroken length of the 

mandible, as found in the quarry, exclusive of tip and tusks, is 

52 inches (1,322 mm.). Three large fragments of the tip, found at 

the end of the mandible, when set in position, increase the length to 

about 56 inches (1,424 mm.). Its total restored length, including 



Typp or TRILOPHODON (MEGABELODON) LULLI. RosTRUM ORIGINALLY RESTORED WITH Tusks 

Length of mandible 1504 mm. (see page 288 above) 

Fig. 244. Type figure of Tetrabelodon (Megabelodon) lulli Barbour. Five views of aged mandible, as originally restored in front of 

white dotted line (Neb. Mus. 10-8-14). After Barbour, 1914.3, Pls. 11-v1. Type locality: Snake River, Cherry County, Nebraska, 

“Snake River stage.’ One-tenth natural size. Note (Barbour, letter, Oct. 22, 1932) resemblance to Trilophodon phippsi Cook. 

296 
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the tusks, is 69 inches (1,754 mm.)."! There is every probability 

that the length exceeded 6% feet (2 full meters). Dr. Richard S. 

Lull, who examined this specimen, is undoubtedly right in believ- 

ing the tusks, as restored, too short. Presumably they were two or 

three times as long as shown in the accompanying plates. Since, 

in any event, the length of the tusks must be assumed, a very 

moderate size was chosen. The powerful ascending ramus and 

more especially the large and prominent coronoid indicate much 

longer tusks. It is much larger than either of the Tetrabelodons, 
longirostris or angustidens, and is of different proportions. . . . 

For this new species, we wish to propose the name Tetrabelodon 

lulli, for Professor Lull. It is not unlikely that it is entitled to 
rank as a new subgenus at least, and it might not be amiss to propose 

the name Megabelodon.” 

“The rostrum of this new mastodon is greatly elongated and 
decurved. The rami are spread well apart by a curve, the con- 

vexity of which is outward; while in angustidens, the curve is 

inward. The lingual groove is 2 inches (51 mm.) deep, growing 

shallower toward the tip, and bounded on the sides by narrow, 

rounded edges. The ramus is massive and powerful, being 31 

inches (788 mm.) from the bifurcation to the condyle. It is 8 
inches (206 mm.) deep, and 4 inches (102 mm.) thick at the molars. 

Immediately back of the molars, the thickness increases to 5 inches 

Fig. 245. (B) Frick’s type of 
(?)Amebelodon [=Trilophodon| joraki, 

exhibiting the tuskless ‘spoonbill’ ex- 
pansion of the symphyseal rostrum. 

(C) Recently discovered ‘spoonbill’ 
rostrum (Neb. Mus. 2-25-6-35 N. P.), 

also (D) portion of right mandible 
containing M3 (Neb. Mus. 1-25-6-35 

N. P.) and (D1) crown view of Ms, 

referable to either T. joraki or T. 
(Megabelodon) lulli. 

(A) Compare narrow mandibular 
rostrum of type (Neb. Mus. 10-8-14) 

of Trilophodon (Megabelodon) lulli 

(see Figs. 248, 244), also probably 

expanded at the tip. 
Approximate scale: A, One-fif- 

teenth; B, one-thirteenth; C, D, D 1, 

one-sixth natural size. 

(127 mm.). The symphysial prolongation cannot be less than 28} 

inches (724 mm.). Where the elongated mental foramen enters 
the jaw, the depth of the mandible is 5 inches (127 mm.), and the 

thickness 4 inches (102 mm.), whereas in angustidens, it is about 

4 by 5 inches, or broader than deep.” 
“The angle is prominent, though thin, and flares outwardly. 

The ascending ramus is very broad and erect, and rises well above 
the crown of the molars. Below the condyle, the condyloid process 

is constricted into a very distinct neck. The condyle is noticeably 

convex, and its dimensions are 44 inches (114 mm.) transversely, 

by 24%inches (69 mm.) postero-anteriorly. The apex of the condyle 

is 74 inches (191 mm.) above the crowns of the molars. The total 

outside distance across the condyles is 23 inches (597 mm.), and 

across the coronoids 19 inches (483 mm.).”’ 
“The mandible . . . is from an individual advanced in age. 

See footnote on page 288. 

The teeth are worn flat and low, and are deeply cupped at each of 

the four transverse ridges. Two cones are discernible in each ridge, 

but no secondary cones are apparent. Contrary to the usual order, 

the teeth are ground with an inward and backward slant. The 

back slant on the last transverse ridge is noticeably steep. The 

molars are 8% inches (222 mm.) long, by 3% inches (89 mm.) 

wide. The long, attenuated symphysis is an ancestral feature, and 

its maximum development appears to have been reached in Tetra- 

belodon lulli. The narrowed and reduced alveolus seemingly 
marks a decline in the mandibular tusks, which foreshadows the 

reduction and ultimate suppression of the prolonged rostrum itself. 

... The maxillary tusk found associated with the mandible of 
Tetrabelodon lulli is slightly decurved, and is 5% feet (1,678 mm.) 

in length, and 4 inches (114 mm.) in diameter. Unlike Eubelodon 

morrilli, the tusk has an enamel band, and the tip is worn to a very 

obtuse edge. The associated humeri seem uncommonly short, and 

stout. They are about 30 inches (762 mm.) inlength. . . . In the 

case of the acetabula of Tetrabelodon lulli, the fossae are narrow 

and deep, and the heads of the femora have corresponding scars.” 

Osborn, 1921: This remarkable type, found on the Snake 

River some 3% miles south of the Niobrara River, is readily distin- 

guished as a typical Longirostrine, with the third superior molar in 

the three to four crested stage, apparently with single trefoils 

on the inner lobes of the upper molars and on the outer lobes 

of the lower molars. In the three and a half (?) to four and 

a half (?) crested stage the proportions of the much worn third 

inferior molar, as calculated by Barbour, are M;, ap. 222 mm., 

tr. 89 mm., index 40. This is a very long, narrow tooth, the 

breadth-length index being as low as in the narrowest tooth from 

Sansan, namely, 39. A strong internal cingulum on M*. Ms is 

trilophodont, with an additional half crest. The superior tusks 

have a typical enamel band on the concave outer surface. The 

symphyseal portion of the ramus is greatly elongated and some- 

what decurved. 
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The breadth-length indices of the third inferior molar, Ms, 

in American Hyperlongirostrines, calculated from comparative 

measurements by Harold Cook, are as follows: 

Type M; ap. tr. Ir 

Trilophodon (Megabelodon) lulli 222 89 40 

Amebelodon (Trilophodon) hicksi 199 80 40 

Amebelodon (Trilophodon) pala- 

dentatus 174 79 45 

Trilophodon osborni 190[196]  76[80] 40141] 

Trilophodon abelz 185 76 41 

Trilophodon ligoniferus Cope and Matthew, 1915 

Figures 188, 246, 282 

Black Hills of South Dakota, horizon uncertain, (?)Lower Pliocene. 

This imperfectly known animal, mentioned in Cope’s manu- 

script and unpublished plates as “‘ Mastodon ligoniferus,” is repre- 

sented by a jaw (Amer. Mus. Cope Coll. 8531). Its geologic level 

as well as its generic or phyletic position are uncertain, and in this 

Memoir it is provisionally regarded as a progressive or ascending 

mutation of Trilophodon giganteus Osborn (Figs. 259 and 282). 

Corr-MatrHew, 1915.—The name Mastodon ligoniferus 

was inscribed by Cope on Plates cxxm and cxxiv of his 

unpublished Memoir of the Geological and Geographical 
Survey of the Territories (see Cope and Matthew, 1915, 

Prefatory Note). In editing these plates Matthew deter- 

mined the specimens and figures as above cited but did not 
define the species. We may assume that Cope recognized 

this as a distinct stage of evolution and that the publication 

by Matthew in 1915 of Cope’s plates validates this name 

as applied to this type specimen (Amer. Mus. 8531). Con- 

sequently the systematic revision of this species is as follows: 

Mastodon ligoniferus Cope, 1915. “Hitherto Unpub- 
lished Plates of Tertiary Mammalia and Permian Verte- 

brata.”” Cope and Matthew, 1915, U. S. Geol. Surv. by The 

American Museum of Natural History, Monograph Series 

No. 2. Typre.—Lower jaw, Amer. Mus. Cope Coll. 

8531. Tyre Locauity.—Black Hills, South Dakota, 

horizon uncertain. No type description. The species rests 

upon Cope’s Plate cxxiv, figs. 1 and 2, with the name 
“ligoniferus”’ underneath. 

Speciric CHaracters or T. LIGONIFERUS (Osborn, 

1924) —This animal appears to be an ascending mutation 

above Trilophodon giganteus Osborn, if we may judge by 

comparison of the type specimen reproduced from the Cope- 
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Trilophodon (Genomastodon) osborni Barbour, 1916 

Figures 188, 247-256, 280 

Bristow beds; seven miles north and two east of Bristow, Boyd County, 

Nebraska, Lower Pliocene. (Barbour, 1917, p. 507): ‘In association with this 

specimen were teeth of three other individuals of unlike species, and the 
bones and teeth of horse (Protohippus and Hipparion), rhinoceros, camel, 

and rodent (Dipoides tortus).” 

Osborn (1923-1927) is inclined to regard this as one of the 

most primitive Hyperlongirostrines found in America and nearest 
to the typical 7. angustidens stage of evolution. The lower jaw 
undoubtedly would have elongated as the animal became more 

mature. This animal appears to be a young Longirostrine. The 

type specimen is a young adult with the second and third superior 
and inferior molars fully functional, M?-M, being a little more 

worn than M*-M;. The ridge formula, namely, M 2 3, M 3 ;4;, 

is in the same stage of evolution as in the typical Trilophodon 

angustidens. The third lower molar (Fig. 252) is similar in propor- 

tions to that of Trilophodon obscurus. The lower jaws are up- 

curved and remind us of those in the Paris Museum skull (Fig. 200). 

There are single trefoils on the inner lobes of the superior molars 

and on the outer lobes of the inferior molars, as shown in the accom- 

Type OF TRILOPHODON LIGONIFERUS CopE AND MatrrHEw 

Matthew Memoir (Fig. 246) and the comparative figures 

prepared for the present Memoir (Fig. 282, C, T. giganteus, 

G, T. ligoniferus), which show that in T. ligoniferus Ms is 

the largest tooth, the most progressive tooth, the most hypso- 

dont tooth of the series. This is also shown in the measure- 

ments and indices printed below in the description of Serri- 
dentinus progressus' which may be presented here in another 
form: 

Lig ligoniferus type (Amer. Mus. 8531) M2 
T. giganteus type (Amer. Mus. 17359) M: 
S. progressus type (Amer. Mus. 8529) 

‘Originally described by Osborn in 1923 as Trilophodon progressus. 

Fig. 246. Type of Mastodon ligoniferus Cope and Matthew, 1915, Amer. Mus. 

Cope Coll. 8531. Reproduced after Cope and Matthew, op. cit., Pl. cxxtv, figs. 

1 and 2, one-eighth natural size. Lower jaw; superior and lateral views. 
Plate cxxiv is designated by Cope and Matthew as follows: “Plate cxxiv 

. . . Cope 1880-3 . . . Mastodon ligoniferus . . . Amer. Mus. 
No. 8531, Cope Coll. Black Hills, S. Dakota, horizon uncertain. Fig. 1. Lower jaw, 

external view; fig. 2, superior view; . . . All one-fourth natural size. The name 
ligoniferus appears to be unpublished.” 
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panying sketches by the writer (Fig. 249); the inner faces of the 

upper molars are strongly convex and cingulate. The primitive 
feature is the trilophodont condition of M>»in which a single cone 
represents the tritolophid, this crest being imperfectly developed. 

Histrory.—This fine specimen was originally described by 

Barbour (1916, pp. 522-529) as Tetrabelodon osborni; subsequently 
(1917, p. 512) he wrote: “Longirostral mastodons seem to have 
reached their maximum in such forms as Tetrabelodon willistoni, 

lulli, osborni, and the like. For the present at least, the above 
may be grouped under a new and distinct genus, Genomastodon 
[Footnote: 

tooth’].”’ 

‘Geno yevos chin, mast yagros nipple, odon dééovs 

Typp MANDIBLE OF TRILOPHODON (GENOMASTODON) OSBORNI. 

Fig. 247. 
From the “Bristow beds’’ east of Bristow, Boyd County, northern Nebraska. 

graphs, one-tenth natural size. 

Young adult type mandible of Tetrabelodon osborni Barbour, 1916, figs. 1, 2, 3. 

A ‘PRoD-TUSKER’ YOUNG ADULT. 

Neb. Mus. 30-86-15. 

Reproduced from original photo- 

Observe that the ridge formula is: M2 M3qy, typical of Trilophodon; that the conules are in the center of 

the valleys; also that this young adult jaw is relatively much longer than in the juvenile type of Trilophodon 

(Genomastodon) willistoni. 
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Palzontology is indebted to Prof. E. H. Barbour for the dis- 

covery and description of this unique stage. The animal is shown 

(Fig. 255) to be extremely short and heavy limbed like all the 

known Hyperlongirostrines in America. The dental measure- 

ments and indices (letter, Barbour, January 10, 1923) are as 

follows: 

M? M’ M; 
ape i: ol. ape | il Ie ap. tre if. 

130 95 73 185 100 54 190[196] 76/80]  40[41] 

The following is the author’s description in full with type 

figures: 

Tetrabelodon osborni Barbour, 1916. ‘‘A New Longirostral 

Mastodon from Nebraska, Tetrabelodon osborni, sp. nov.”” Amer. 

Journ. Sci., Vol. XLI, June, 1916, pp. 522-529. Typr.—The skull 

THE PROBOSCIDEA 

and mandible, though checked and fragile, were finely preserved, 
and one fore-limb had all of its elements, from scapula to manus 

inclusive, in position. The skull, mandible and hyoids, pelvis, 

scapule, and numerous ribs were close to the surface. Consequently 

they were checked to the extreme degree, and rootlets had found 

their way into the bones. It required extreme care in collecting 
to save this specimen. Certain bones, at a depth of three to seven 

feet, were harder and less checked.’’ Nebraska State Museum No. 

30-6-15. Type Locatiry.—“ Running water gullied a 

pasture belonging to Mr. Z. T. Long, 7 miles north and 2 miles 

east of Bristow, Nebraska, and exposed a Tetrabelodon. .. . In 

company with Mr. C. Harold Eaton, the writer visited Bristow 

at once, and in less than a fortnight, the skeleton of a new 

Tetrabelodon, practically complete, was secured. The skeleton 

was exposed on a sloping hillside in channel gravels composed of 

ors : Type SKULL AND SKELETON OF TRILOPHODON (GENOMASTODON) OSBORNI 
Fig. 248. Type skull and skeleton of Tetrabelodon osborni, Neb. Mus. 30-6-15, as found near Bristow, Boyd County, Nebraska From pen sketches and measurements by E. H. Barbour. 

E. H. Barbour, one-tenth natural size. 
Photographie view of skull and mandible, as at present restored, after 
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three or four feet of very coarse, lime pebbles underlain by five or 

six feet of fine sand. The deposit is of Pliocene age equivalent to 

the Snake River of Cherry County, and the lower Devil’s Gulch 

beds of Brown County. For convenience we shall call these the 

Bristow beds.” Type Ficure.—Barbour, op. cit., 1916, p. 
528, fig. 1; p. 524, fig. 2; p. 526, fig. 3; p. 528, fig. 4. 

BARBOUR’S ORIGINAL DESCRIPTION OF 

TRILOPHODON OSBORNI 

Tyre Description.—(Barbour, op. cit., 1916, pp. 

523-527): “For this new proboscidean, we wish to propose 

the name Tetrabelodon osborni, in recognition of Dr. Henry 

Fairfield Osborn. The peculiarities of the skull promise to 
be so great that eventually this specimen must be assigned 
to a new genus.” 

“In this Tetrabelodon a unique adaptation presents 

itself, and a new principle seems to be involved, namely, 
the use of the mandible and the mandibular tusks for work 

and defense. There is a suggestion in the protruding 
mandible and its strong, recurved tusks, that they may 

T.mMs 

c— 5 | znner view 

—— 

Tig. 249. Sketches by Osborn of the crown views of type superior and 
inferior grinding teeth of Trilophodon (Genomastodon) osborni, Neb. Mus. 30-6-15. 

Right superior grinders, M?, M’, show complete internal trefoils, rudimentary 
external trefoils (tr. e.). Left lower grinders show complete external trefoils, rudi- 

mentary internal trefoils. 

have functioned as a sort of shovel in digging and tearing up roots, 

aquatic plants, and the like. However this may be, the inferior 
tusks are well developed and modified, while the superior, though 

heavy, are short and seemingly useless.” 
“The mandible is long and very strong, the rami widely 

divergent, the angle thin and reflected, the symphysial portion 
relatively short, noticeably broadened and somewhat upturned at 
the tip. The lingual groove is moderately deep behind but shallow 
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in front, and the walls converge from 5 inches posteriorly to 3 
inches anteriorly and blend at once into the flattened, broadened 
tip. The ascending ramus is very oblique, the condyle large, the 
coronoid low, and the sigmoid notch shallow and straight. The 
length and leverage of this great jaw seem to call for broad, erect, 
ascending rami. Just back of the molars the jaw is thin, in front 

Fig. 250. Type figure of young adult skull and mandible of Tetrabelodon 
{=Trilophodon) osborni Barbour, 1916, fig. 4. One-fifteenth natural size. 

“The skull is still in plaster ‘cinches.’ 
mandible. Above, a conjectural restoration of the head. 5” should read 5})’.” 

Below are shown sections of tusk and 

Fig. 251. ‘Fifth and sixth left lower [upper] 
molars, Tetrabelodon osborni, showing four ridges, a 
prominent heel and solitary central cones interrupting 
the valleys.” After Barbour, 1917, p. 505, fig. 7. Type. 

Fig. 252. “Fifth and sixth left upper [lower] molars, 
Tetrabelodon osborni, showing indistinct trefoils, and a 
pair of central conules in the valleys. No cement. After 
Barbour, 1917, p. 505, fig. 6. Type. Compare M; of Phio- 
mia osborni (Fig. 185). 

very thick. Anteriorly, the symphysis becomes broader than thick, 
unlike other forms in the Nebraska State Museum. The elon- 
gated mental foramen is close upon the inferior border. The inner 

alveolar border extends as a ridge well to the condyle.” 

“The jaw is that of an adult, but not an aged individual. 

Molars five and six are present and are fairly well worn, 
The fifth molar has three, while the sixth has four, transverse 

crests and a large heel. This heel, which is as well developed 



302 OSBORN: THE 

as the fifth ridge in Mastodon americanus, would have developed 

into a fifth erest by continued wear. Along the middle line of 

the tooth rise the accessory cones, regularly and mostly singly. 

Accordingly, the tooth is made up of alternating major and 

minor ridges. Excepting these alternating cones, the tooth is 

not unlike the sixth molar of Mastodon americanus. The cingu- 

lum is strong and broad. The sixth molar is 7% inches (190 

mm.) [7% inches (196 mm.)] long, 3 inches (76 mm.) wide through 

the cingulum, and has a grinding surface of 2 inches [51 mm.]. 

Where the teeth are broken, the dentine shows distinct decussa- 

tion. The pattern of the worn crown is not distinctly trefoiled 

as are many of our Tetrabelodons. The teeth slant backward 

and inward. The low stature of the creature, 7 feet, and the 

long jaw, 5 feet, made it easy to reach the ground with the lower 

tusks. The inferior tusks are long and strong. They are imbedded 

the length of the symphysis and are about as long as the superior 

Pita 
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tusks, and protrude, at most, about 10 inches [254 mm.] out of the 

jaw. They are 1} inches (38 mm.) thick and 2 inches (51 mm.) 

broad, and are produced into a dull edge laterally.” 

“The jaw and its tusks protruded more than [nearly] 2 feet 
(610 mm.) beyond the skull. It was a grotesque head on a 

grotesque body. The skull, still in plaster ‘cinches,’ is relatively 
short, about two-thirds that of the mandible, and the upper tusks 

very short and stout.” 

“Fortunately, both of the upper tusks are perfect and in place 

in the skull. They curve downward and outward and are produced 

to a distinct point and are somewhat flattened on the inner side. 

They are about 4 inches (102 mm.) in diameter and very short, 
for scarcely more than 16 or 18 inches (407 to 457 mm.) protrude 
beyond the incisive sheath, and still less beyond the flesh in life. 

. . . The articulated fore limb indicates an animal little more than 

7 feet in height, half that of a large mammoth. The vertebrz 

Fig. 253. Trilophodon (Genomastodon) osborni and Elephas indicus compared. One-tenth natural size. After Barbour. 
A, After Barbour, 1917, p. 500: “Fig. 1—Skull . . . of the Boyd County Mastodon, Tetrabelodon osborni, showing . . . low 

dome, slender zygomatic arch, short xiphoid tusks. Specimen perfect, barring frost cracks. ... Paleontological collections of Charles 
H. Morrill and Hector Maiben, The Nebraska State Museum.” Neb. Mus. 30-6-15. 

Al, After Barbour, 1917, p. 501: ‘Fig. 2—Skull of Boyd County Mastodon, Tetrabelodon osborni, palatine view, showing molars 
five and six, and short xiphoid tusks. Anatomically perfect and without restoration. The basi-cranial elements, palate, and incisive 
sheaths lie in the same plane.” Neb. Mus. 30-6-15. 

A2, Referred atlas, Neb. Mus. 26-7-16. A3, Type ulna and radius, Neb. Mus. 30-6-15. A4, Referred astragalus, Neb. Mus. 8-8-16 
(reversed). A5, Referred caleaneum, Neb. Mus. 2-17-7-16. 

B2-5, Elephas indicus, half grown individual. B2, Atlas. B3, Ulna and radius. B4, Astragalus. B5, Caleaneum. 
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seem large out of all proportion, being equal in size to those of 

themammoth. This Tetrabelodon was short-legged, broad-hipped, 

heavy-bodied, and perhaps semi-aquatic in habit. Its body must 

have dragged close to the ground, not unlike Teleoceras fossiger, 
the short-legged rhinoceros.” 

MEASUREMENTS OF MANDIBLE. 

Inches Millimeters 

Length from condyle to tip of tusk........ 60 1522[1525] 
Length exclusive of tusk................... 53 1346 
Width across condyles, over all.............. 25% 647 

ESOT AVOMAVINGN YSIS a. ¢-- «cist sive es esse 19 483 
Width of symphysis at its tip.. as cise 6 152 Fig. 254. “‘a, left upper tusk Tetrabelodon osborni, side view, sup- 
Width of symphysis at mental ae amen. 5 127 posedly female, showing enamel band etched by Daimonelix fibers. 

km mina eh a ee 
I ea Lg st ahovs.”" After Barbour, 1017, pS. 2 one nn 

ckness of jaw at tip.. Gave : j 

Thickness of jaw just bani of ena Sores 

TEI 3A8 tac cod oid Oe er 6 152 

MEASUREMENTS OF LimB Bones. 

Inches Millimeters 

Scapula, along mesoscapular line.......... 26 660 

Breen OF DUMELUSies see ee cee es vue 26 660 
MTIGINCAT SWICLUOME IS aes esos ss sss e tees « 8 203 

Diameter across head and tuberele.......... 9 229 
MMOL CAIUS aie ccs getters tas st as bs 22 559 
PEPAPTOC RTPA Occ ctec. - Setetsys's c.sjeh sre vieie'e e's 24 610 

Length of femur, about................... 30 762 
MPPIETED OL DCB... 5.5.ccececece vis sicis sises 5 127 
PMIEIOD LUIS iadines cron osc ce ss.0 eat flere, cleanses 60 1522(1525] 

MEASUREMENTS OF SKULL. 

(Still in plaster ‘cinches.’) 

Inches Millimeters 

Occipital condyles to tip of tusk, about..... 52 1320[1322] 
Length of skull exclusive of tusks.......... 36to38 915 to 965 

Pua@cn or SKU YADOUt..c6.cc00..00..3. 28 710 

Meno of skull, about...................0.. 20 508 

“The bones of the fore limbs are short and disproportionately 
heavy, while those of the hind limbs are short and relatively light. 

The scapula varies noticeably from the general proboscidean type. 
The prescapula seems to be reduced to a remnant in the lower half 

and toa mere ridge in the upper. The postscapula and mesoscapula 
are correspondingly developed. The mesoscapula extends as a 
stout, erect ridge to the suprascapular border. The humerus, 
radius and ulna, carpals, and phalangeals are noticeably short and 

extremely heavy.” 

BARBOUR’S SECOND DESCRIPTION (1917) OF THE 

SKULL OF TRILOPHODON OSBORNI 

Inthe description (1916) cited in full above, a few pce oeeed Fig. 255. ‘Fore limbs, front view; a, Elephas indicus; b, Tetrabelodon 

ments are altered or amplified from the second description of the osborni. Five ungual phalanges and metacarpals two and three, missing. 

skull (Barbour, 1917, pp. 499-512). The following supplementary — gections on either side for comparison. Xy.” After Barbour, 1917, p. 510, 
notes and observations by Professor Barbour are important, — fig. 11. 

Youne Evepuas inpicus (Lerr) anp Apuut Tritopnopon ospornt (Ric) 
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together with additional figures and restorations of which he has 

kindly sent us clichés. 

Sxutu.— (1917, p. 508): “Since the above was written, the 

plaster ‘cinches’ have been removed from the palatine and occipital 

regions, and from most of the left side of the skull, well to its dome. 

In brief, the skull is that of an unelephant-like elephant. Barring 

innumerable cracks, the skull seems anatomically perfect, and is 

rich in morphological suggestions. It seems impressively simple 

and lacks the specialization of the later forms. The dome is un- 

expectedly low; the occiput flat, though rounding above; the pit 

small. All sutures are obliterated save those bounding the malar. 

The basicranial elements, the palatine roof, and the incisive 

sheaths are not deflected but are in the same plane. The occipital 

condyles are as large as those of the mammoth, which they resemble. 

The cranial walls are strikingly thin, and the air-cells greatly re- 

duced both in size and number. They do not extend to all parts of 

the skull as they do in mammoths and modern elephants. They 

Type SKULL AND MANDIBLE OF TRILOPHODON 

PROBOSCIDEA 

“The infraorbital foramen is encased in a sheath twice as long 
as that of E. columbi. The incisive sheaths are very short. The 

tusks though short are impressive because of their size and shape. 
They are 4 inches in diameter but expand noticeably toward the 

middle of the tusks and then contract to the pointed tips. On the 
under side they are produced to a blunt ridge, so a section is an 
acute, inverted ovoid. The enamel band is uncommonly broad, 
2% inches. Inthe Nebraska tetrabelodons the maxillo-premaxillary 
suture seems to run in a nearly straight line paralleling the axis of 
the tusk and does not curve under as in E. indicus.” 

(GENOMASTODON) OSBORNI. ‘PROD-TUSKER’ 

Fig. 256. “Skull and mandible of the Boyd County Mastodon, Tetrabelodon osborni, showing protruding recurved jaw, low dome, 
slender zygomatic arch, short xiphoid tusks. Specimen perfect, barring frost cracks. X }. Paleontological collections of Charles 

H. Morrill and Hector Maiben, The Nebraska State Museum.” After Barbour, 1917, p. 500, fig. 1. 

are wanting altogether in all portions of the zygomatic arch. The 

malar portion of the zygoma is relatively slender and weak; the 

maxillary portion heavy and strong; the postnarial aperture is 

disproportionately small. The temporal or squamosal process is 

very broad, heavy and strong, the condylar portion predominating. 

It exceeds that of the mammoth itself. The condylar articulation 

is upon the anterior border. The post glenoid portion is a thin, 

sharp ridge pendant from the flattened occiput. The glenoid fossa 

is located at the base of the post glenoid ridge and runs into the 
external auditory meatus, which is located close upon the basi- 
occipital. It is interesting to note the progressive migration of the 
meatus from a central position in our early proboscideans to one at 
the circumference in modern forms, and to observe the gradual 
arching over and union of the squamosal ridge and the post glenoid, 
as in the Indian elephant.” 

Trilophodon giganteus Osborn, 1921 

Figures 171, 188, 257-259, 282 

Lower Pliocene, Eastview, near Dallas, Gregory County, South Dakota. 
The life zone of Trilophodon giganteus is apparently equivalent to the Snake 
Creek B horizon of western Nebraska (see Chap. X) and slightly more 

recent, if anything, than the Republican River horizon. 

This giant Longirostrine represents a singular combination of 
characters. The jaw is of hyperlongirostral type, the lower 

incisors are somewhat upturned so that they partly face each 
other, the upper incisors bear an enamel band on the inferior face 

of the tusk so that the enamel is abraded by the outer face of the 
lower incisors. The last upper and lower pairs of grinding teeth, 

namely, M?-M., M3-Ms, function at the same time; the third 

superior and inferior molars, M%-Msz, are in the same stage of crest 

development as in 7’. angustidens, namely, 74753, that is, tetra- 
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Type SKELETON OF TRILOPHODON GIGANTEUS. 

Fig. 257. Type skeleton of T’rilophodon giganteus Osborn, 1921 (Amer. Mus. 17359). 

See key to skeleton (Fig. 372). Mrs. Lindsey Morris Sterling. One twenty-fourth natural size. 
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Fig. 258. C, Type figure of Trilophodon giganteus Osborn, 1921 (Amer. Mus. 

17359), as compared with the lower jaws and grinding teeth of Phionia and of the 

medilongirostrines Serridentinus and Tetralophodon. After Osborn, 1921.515, p. 9, 

fig. 4. 

A, Type of Phiomia osborni Matsumoto (Amer. Mus. 13468). B, Referred Serri- 

dentinus productus (Amer. Mus. 10582). C, Type of T'rilophodon giganteus Osborn 

(Amer. Mus. 17359). D, Type of T’etralophodon longirostris (drawn after cast of type, 
Amer. Mus. 10465, Warren Collection). E, Type of T'etralophodon campester Cope 
(Amer. Mus. 8527). All figures one twenty-fourth natural size. Grinding teeth in 
C, Trilophodon giganteus, foreshortened in drawing. 

‘OBLIQUE-TUSKER’ 

After photograph by Mrs. Elizabeth Rungius Fulda, retouched by 

This is an ‘oblique-tusker.’ 

lophodont above, pentalophodont below; the pentalophid (Fig. 

259 B2) is complete but much smaller than the tetartolophid. 

This stage of loph evolution as compared with that of the more 

progressive Tetralophodon campester and the less progressive 

Serridentinus progressus, S. productus, S. serridens, and Phiomia 

osborni, is shown in the accompanying diagram (Fig. 171). The 

relative elongation of the mandible as compared with that of 

the same species is shown in the type figure of T. giganteus 

reproduced herewith (Fig. 258). This figure shows that it is 

hyperlongirostral as compared with the medilongirostral species 

S. productus, Tetralophodon campester, and the T. longirostris 

of Kaup. This animal is of undoubted early Pliocene age, as 

shown in the following report by its discoverer Doctor Troxell. 

Gro.oaic Acr.—This remarkable skeleton was found by 

Edward L. Troxell in the summer of 1916 in the vicinity of 
Eastview, near Dallas, South Dakota, about two miles from 

the Nebraska line. (Troxell, letter, January 14, 1921) Whereas 

on the lower slopes of the Keyapaha there occur true Miocene 

beds, near the tops of the hills along the river Keyapaha, the 

upper zone on the north side of the river (near Dallas) corre- 

sponds to the Pliocene quarry near Springview, and to the beds 

near by in which was found the type of Peraceras trozelli. This 

whole formation seems to be as recent as the Oak Creek beds 

in which was found the type of Pliohippus lullianus; and all 

Matthew (letter, 1921) concurs 

that there is 
indicate an early Pliocene age. 

entirely with Troxell: “I do not see any 
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reasonable doubt about the Lower Pliocene age of the Troxell 

mastodon.’”’ The mammal fauna of the Oak Creek and Springview 

localities includes progressive Hipparion; among the true horses 

occur advanced forms of Protohippus placidus as well as Plio- 

hippus lullianus. 
The original type description by Osborn is as follows: 

Trilophodon giganteus Osborn, 1921. ‘‘The Evolution, Phy- 

logeny, and Classification of the Proboscidea.’’ Amer. Mus. Novi- 

T. giganteus 

Amer. Mus. 17359 Type 

Vig. 259. 

the reconstructed skeleton shown in figure 372. A, Left 
eighth natural size. 
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tates, No. 1, January 31, 1921, pp. 6-10. Typr.—Skeleton 

and jaws (Amer. Mus. 17359). Horizon and Loca.iry.— 

Eastview, near Dallas, Gregory County, South Dakota; Lower 

Pliocene. Type Ficure.—Op. cit., 1921.515, p. 9, fig. 4C (Fig. 
258 of the present Memoir). 

Type Description.—(Osborn, op. cit., 1921.515, pp. 8-10): “A 
new specific stage more recent in character than 7’. [Ocal.] floridanus 

Leidy appears to be represented in the skeleton and jaws (Amer. 

‘ eens Nora nee) 
Serer ena eeet OLeta 

IS 

1/8 nat. size 

(inner view) ms 

LLL__== 
V/4 nat. size 

‘Type skull and jaws of T'rilophodon giganteus (Amer. Mus. 17359), found near Dallas, South Dakota, by E. L. Troxell; same individual as 
ateral view of largely restored skull, perfect left superior tusk; B, lower jaw without tusks. One- 

B1, Crown view of lower molars, Mo, M3. B2, Internal view of Mo, Ms of the left side. One-fourth natural size. 
Observe the edge of the enamel band on the inferior side of the tusk: also the well-developed external trefoils and single rudimentary internal trefoil 

(i. tr.) of Ms, a very significant Trilophodon character. The lower tusks are obliquely placed; compare Trilophodon dinotherioides (Fig. 236, p. 291). 
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Mus. No. 17359) discovered in South Dakota by E. L. Troxell in 
1916, to which the name Trilophodon giganteus, new species, may 

be applied. It exhibits rudiments of double trefoils and the lower 
incisors are upturned at the sides so as to face partly inward (Fig. 
4C)....In T. giganteus . . . the two lower tusks turn toward 

each other. A characteristic, of all the Miocene grinders observed, 

is the presence of a single trefoil invariably appearing first on the 

inner side of the upper teeth and on the outer side of the lower teeth. 

. . . In all Pliocene species observed the intermediate molars are 

four-crested; hence they fall within the genus Tetralophodon 

Warren, Falconer [Tetralophodon Falconer, 1847, Warren, 1852). 

From the Middle Miocene apparently to the close of the Middle 

Pliocene there was a steady addition of crests to m#, rising from 
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Amebelodon (Trilophodon) hicksi Cook, 1922 

Figures 188, 260-262 

Middle Pliocene (?), Wray, Yuma County, Colorado. 

The discovery of the type of Amebelodon (Trilophodon) hicksi 

(now in the Colorado Museum of Natural History) and the meas- 

urements and description of this specimen by Harold Cook in 

1922 constitute a very important addition to our knowledge of the 

Amebelodon phylum. The geologic age of the quarry at Wray, 

Yuma County, Colorado, is possibly Middle Pliocene, the beds 

including both Teleoceras and Aphelops as described below. 

The fact that the two last lower molar teeth, M®-Me, M®-Ms, are 

functional in the young condition indicates that this animal is of 

Typer Movar or AMEBELODON (TRILOPHODON) HICKSI. A ‘SHOVEL-TUSKER’ 

Fig. 260. Type figure of type lower molar, left side, |.Mg, of T'rilophodon hicksi Cook. Colo. Mus. 

Nat. Hist. No. 310. Crown view. 

four and a half crests in the Middle Miocene (7. angustidens) to 
seven and a half [8%] crests in the Middle Pliocene!" (7. barbouri, 
new species). At the same time the crests become subhypsodont 

partly coated with cement.” 
Osborn, 1923: This animal appears to represent a large and 

very massive stage in the evolution of the T'rilophodon angustidens 

phylum; the skeleton is even more massive than that of the true 

Mastodon americanus, hence the specific name giganteus was given 

to it. The dental proportions are as follows: 

M, M; M2-s 

ap. tr. 1g ap. tr. fe 

140e 86 6le 172 91 53 305e 

These measurements and indices should be compared with 

those of Amebelodon (Trilophodon) hicksi Cook below. 

Two-thirds natural size. After Cook, 1922, p. 11, fig. 2. 

a less progressive stage than the genotypic species Amebelodon 

fricki of Barbour. This species is clearly distinguished by the last 

lower molar which has five strong crests and a rudimentary sixth 

crest, as against four and a half crests in Trilophodon giganteus 

of Osborn. While the jaw is long and slender, it does not resemble 

the hyperlongirostral type of 7’. (Megabelodon) lulli. The index 

of the third lower molar is as follows: ap. 199 mm., tr. 80 mm., I. 40. 

The elongated and flattened incisive tusks (Fig. 261) resemble 

those of Amebelodon (Trilophodon) paladentatus (Fig. 263). 

Grotogic LeveL AND Fauna.—The finely preserved type jaw 

of Amebelodon (Trilophodon) hicksi (Colo. Mus. Nat. Hist. 310— 

Fig. 261) is reported by the author as follows (1922.1, pp. 2, 3): 

“An expedition in charge of Mr. Philip Reinheimer, under the 

supervision of Director J. D. Figgins, went in the summers of 

1918-1919 to the ranch of Mr. H. D. Boyes, near Wray, Yuma 

'1Tetralophodon (Morrillia) barbouri is now (1935) regarded as of Middle Pleistocene age. 
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County, Colorado, where Mr. Boyes had reported finding a rich 

deposit of fossil bones. . . . These fossil remains were all found 

lying directly on top of and in contact with the Pierre Shale, in a 

thin wash deposit a few feet thick, that is evidently of late Miocene 

or early Pliocene origin, and probably represents a stream deposit 

of that age. Considering the number of specimens found, a sur- 

prising variety is represented. All were found in an area of about 

20 by 75 feet... . . £ Associated with these elephants is a very 

interesting fauna, which the writer so far has only had the time to 

glance over. It includes several horses in the three-toed stage, 

the short-legged rhinoceros Teleoceras, a large species of A phelops, 

large dogs, cats, peccaries, cervids, camels, and other forms not 

yet determined. This assemblage at first glance appears to ap- 

proximate Lower Pliocene age.” 

same individual, was a skull, which curiosity hunters had all but 

destroyed, and from which a complete last upper molar [Fig. 
262] and some upper tusk parts were recovered. There can be little 

doubt that this upper molar belongs to the same species, even 

though it might not be the same individual as the type specimen, 

as the tooth corresponds very closely with the corresponding lower 

molars. Other skeletal material also found with this probably be- 
longs to this type specimen, but as other individuals and species of 

elephants, as well as other kinds of animals, were also found mixed 

up in the same small area, it is well to be slow about associating 

parts not positively known to belong together.” 

“This species has two functional lower molars, but unfortunately 
the intermediate molar, or molar five, in each jaw, had been lost 

out, so that we cannot be sure what number of crests it possessed ; 

Typr OF AMEBELODON (TRILOPHODON) HICKSI. ‘SHOVEL-TUSKER’ 

Fig. 261. Type figure of type specimen of T'rrilophodon hicksi Cook. Colo. Mus. Nat. Hist. 310. Lower jaws, crown and 

side views. One-eighth natural size. After Cook, 1922, p. 10, fig. 1. The extremely elongated and flattened lower tusks indicate 
that this stage is ancestral to Amebelodon fricki (Figs. 287, 290). 

Trilophodon hicksi Cook. ““Two New Bunomastodonts from 
Colorado.’”’ Proc. Colo. Mus. Nat. Hist., Vol. 1V, No. 1, February 

15, 1922, pp. 5 and 6. Typr.—Pair of lower jaws, with last 

lower molars on each side and lower tusks. Original in the Colo- 

rado Museum of Natural History (No. 310). HORIZON AND 

Locatiry.—Found on the ranch of Mr. H. D. Boyes, near Wray, 

Yuma County, Colorado; Middle Pliocene(?). Typr Ficure.— 
Op. cit., p. 9, figs. 2 and 3, p. 10, fig. 1, p. 11, fig. 2. 

Tyre Descriprion.—(Op. cit., pp. 5 and 6): “T'rilophodon 
hicksi, sp.nov. The type specimen of this species is a splendidly 
preserved pair of lower jaws, in the Colorado Museum of Natural 

History, Colo. Mus. No. 310, and is free from crushing and distor- 

tion, but was damaged by vandals after being exposed while being 

collected in the field. The lower tusks and the last lower molars on 

each side are present and in fine condition, and the animal was fully 

mature inage. Associated with this, and probably belonging to the 

This is a ‘shovel-tusker.’ 

but it was small and two-rooted, and its size suggests the three- 

crested or Trilophodont type. The last molars have crests with 

double trefoils, and have five strongly developed crests, and a sixth 

crest forming. The same condition prevails in the upper referred 

molar, but the sixth crest is better developed, and the fifth relative- 
ly larger than in the lower molars.” 

“The striking feature of this specimen is the strong, heavy, 

flattened lower tusks, which are long and parallel, about 5 of an 

inch apart, turning up at the outside edges, so that they are actual- 

ly concave; and together form a tool that reminds one of a spoon, or 

posthole spade. Thisis carried to a still greater degree in the second 

species described herewith, and suggested its name. These lower 

tusks run back to where the lower jaws divide at the symphysis. 

The symphyseal prolongation of the jaw is heavy and strong, and 

turns downward in a manner which suggests Rhynchotherium 

affinities. No enamel band is present on the lower tusks. They 
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show heavy wear, and were probably used in digging out roots, or 

tearing out plants wanted for food. The asymmetrical wear they 

present is probably due to some individual habit of the animal. by 

which he twisted and used his jaws one way harder than the other, 

when grubbing with them. The upper tusks which presumably 

belong to that form also show evidence of hard use. The angle of 
the jaw is very low and rounded, more like that seen in Bubelodon 

morrilli, Barbour [Barbour, 1914.1]. The ascending ramus is fairly 

high and strong, with a strongly developed coronoid, but unfortu- 

nately both coronoid and condyles were damaged in the quarry by 
vandals, before the specimen could be secured.” 

“While the total length of the jaws and tusks is not as great as 
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ridge-crest of the inferior molars and in the progressive ridge-crest 
formula, namely, M3 = -5; the measurements of M; (ap. 199 mm., 
tr. 80 mm., index 40) greatly exceed those of Trilophodon giganteus 
above. 

Amebelodon (Trilophodon) paladentatus Cook, 1922 

Figures 188, 263-265 

Middle Pliocene, Wray, Yuma County, Colorado. 

The type of this animal, a lower jaw, was found in the same 
locality as the type of Amebelodon (Trilophodon) hicksi described 
above by the same author, namely, at Wray, Yuma County, 
Colorado. The type belongs to a very aged animal, the third 

Fig. 262. Referred figure of associated right last upper molar of A mebelodon (Trilophodon) hicksi Cook, presumably same individual 

as type. Colo. Mus. Nat. Hist. 329. Four-fifths natural size. 

in some other described species, the lower tusks are much larger and 

stronger, and the symphyseal prolongation is proportionally 

stronger and more massive, than in such forms as 7’. lulli and T. 

osborni [Barbour, 1914.3, 1916]. In the species recently described 

by Osborn as 7’. giganteus [Osborn, 1921.515], the lower incisors are 
upturned at the sides in a way suggestive of this and the accom- 

panying species. In addition to the usual large mental foramen, 

there are two other large foramina posterior to this on the outside 
of the jaw along the symphysis, and a fourth fairly large foramen 
above and between these, up near the alveolar border. This ridge 

is rather high and sharp, on each side of the deep lingual groove. 

The last lower molar of this species has five strong crests and a 

rudimentary sixth, as against four strong crests and one fairly well 
developed in 7’. giganteus; and also in 7. osborni, which points to 

an advancement over these species.”’ 

Osborn, 1927: This animal appears to represent a large and 

progressive species in the presence of double trefoils on the fourth 

After Cook, 1922, p. 12, fig. 3. A ‘shovel-tusker.’ 

inferior molar tooth (Fig. 264) being much worn. It is apparently 

four and a half crested or tetralophodont as in the T. angustidens 
stage. As described by the author below: “The [fractured] molar 

has four crests, and is wide anteriorly, tapering posteriorly, and 

in the present stage of extreme wear, the fourth or last crest 

looks more like a talonid, or heel, than a Proboscidean crest.” 

The tusks or the preserved lower incisor teeth (Fig. 263) are 

twisted on their axes, the anterior extremities being horizontal, 

the posterior being vertical. A large portion of the bone of the 

ramus has been destroyed, consequently the hyperlongirostral 
character of this type specimen is concealed. We attribute to the 

advanced age of this animal the fact that only one pair of molars, 

M°-Ms, is in use. 

Osborn, October, 1933: The type ramus and incisive tusk of 

Trilophodon paladentatus (Fig. 263) apparently represent an an- 

cestral stage of the type of Amebelodon fricki (Fig. 291); therefore 

T. paladentatus is now transferred to the Amebelodontine. 
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Type or AMEBELODON (TRILOPHODON) PALADENTATUS. A ‘SHOVEL-TUSKER’ 

Fig. 264. Type figure of incomplete right lower molar, r.M3, crown view, of Ame- 

belodon (Trilophodon) paladentatus Cook, Colo. Mus. Nat. Hist. 311. Two-thirds natural 

size. After Cook, 1922, p. 14, fig. 6. Measurements: ap. 174 mm., tr. 79 mm., index 45. 

Fig. 265. Parts of two upper tusks found with the types of A. (T.) hicksi and 
A. (T.) paladentatus, showing enamel bands on external concave surface. Association 
uncertain. Colo. Mus. Nat. Hist. 315 and 314. One-sixth natural size. After Cook, 
1922, p. 14, fig. 4 

appears to be ancestral to Amebelodon fricki (Fig. 287). 

Fig. 263. Type figure of type specimen of Trilophodon paladentatus Cook, 

Colo. Mus. Nat. Hist. 311. Lower jaws, crown and side views. One-eighth 

natural size. After Cook, 1922, p. 13, fig. 5. Compare these incisive tusks 

with those of the shovel-tusker Amebelodon fricki (Fig. 291). This stage 

Trilophodon paladentatus Cook. ‘‘Two New Buno- 

mastodonts from Colorado.”’ Proe. Colo. Mus. Nat. Hist., 

Vol. IV, No. 1, Feb. 15, 1922, pp. 6 and 7. TypPr.— 

Pair of lower jaws. Original in Colorado Museum of 

Natural History (No. 311). Horizon anp Locatity.— 

Found on the ranch of Mr. H. D. Boyes, near Wray, Yuma 

County, Colorado; Middle Pliocene. Tyre FigurRE.— 

Op. cit., p. 9, fig. 1, p. 13, fig. 5, p. 14, fig. 6. 

Type Description.—(Cook, 1922, p. 6): “ Trilopho- 

don paladentatus, sp. noy. The type of this species is a 
pair of lower jaws, complete when found, but partly 

destroyed by vandals before it could be removed from 

the quarry. The specimen is No. 311, Colorado Museum 

of Natural History, and at present is fairly complete, 

except for one molar, one tusk, and most of the sym- 

physeal prolongation of the jaws. However, as the bone 

impression is plainly visible on the lower tusk, the actual 
length of the jaw bones can be quite accurately measured.”’ 

“There is a striking similarity between the type of 

lower tusks in this form and T. hicks7, but the tusk is not 

only larger, but even more flattened and concave in this 

species, which suggests its specific name. The jaw appar- 

ently turned down rather sharply, as in the Rhynchoros- 

trine, but no enamel band is present, and the molars 

are reduced to one on each side. This is a very simple 

tooth, and while worn down with age, apparently had tre- 

foil crests. The molar has four crests, and is wide anteri- 

orly, tapering posteriorly, and in the present stage of 

extreme wear, the fourth or last crest looks more like a 

talonid, or heel, than a Proboscidean crest. The triturat- 

ing surface of the tooth has a sharp backward slant, such 

as is found in 7’. osborni, but much more pronounced, and 

in fact more pronounced than in any species which we 

have seen. The molars most closely parallel the condition 

found in 7’ lulli of any described species, but differ from 

that species in proportions, and angle of wear, to a marked 

degree; and the tooth is not only proportionally but 
actually much smaller, being approximately seven inches 

long, as against nine inches in 7’. lulli7. There is no evi- 
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dence of there having been other functional molars present in this 

form. The mandible without the tusk is somewhat shorter than 

in T. hicksi, but the tusk being larger and longer, makes the jaw 

and tusk together slightly longer (2% inches) in 7. paladentatus.”’ 

“The angle of the jaw is heavier and more acute, than in T. 
hicksi, and the coronoid relatively high and strong. Correlated 

with the reduced dentition, the rami in the vicinity of the molars 

are less massive, but are deep and well braced to support the heavy 

lower tusks. The tusks make a full quarter turn in their length, 

standing edgeways at the base of the tusks inside the jaw, the 

upper edge twisting gradually on a long curve outward until they 

lie flat at the tips, which accentuates the spoon-like appearance. 
They evidently had heavy use. The jaws are relatively narrow 
across the condyles, indicating a narrow skull.” 

“Unless individual variations existed in tooth structure and 
other details beyond anything which experience has led us to be- 

lieve, then these two species described herewith, in spite of close 

similarity in some details, must really be a good distance apart 

phylogenetically. If Osborn is correct in separating the Proboscidea 
into at least a dozen distinct phyla (and his work is always recog- 
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nized as being in the first rank) then it is not surprising to find such 
parallelism, and it is doubtful if these species can belong in the 
same genus. But as the Proboscidea are now undergoing a careful 
world-wide study by able men, it seems best to record them in this 
manner, and as the phyla become better known, proper generic 
reference can be made.” 

Trilophodon abeli Barbour, 1925 

Figures 188, 266 

Lower Pliocene. Devil's Gulch, Brown County, Nebraska 

Dentition practically perfect, of the typical Trilophodon 

type. Adult lower incisive tusks, I, with regular sockets: also 
side sockets 10 inches long, % inch in diameter, two vestigial 
lateral incisors ((? Dis], Figs. 54, 55—Fig. 266 of the present Memoir): 
mandible finely preserved, flaring at the extremity, angle large, 
condyle and coronoid more elevated than in Trilophodon (Geno- 
mastodon) osborni or in Eubelodon morrilli; mental foramen less 
elongated; depression under each grinder on either surface of 
ramus, 6X2 inches; protuberance on outer border below interval 
between My and Ms. 

Type OF TRILOPHODON ABELI. 

Fig. 266. Type mandible of Tetrabelodon abeli Barbour, 1925.2, figs. 52-56, pp. 92 and 93 (Neb. Mus. 1-12-9-245). 

(Lower) ‘Fig. 53.—Mandible. . . . Crown view.” 

(Middle) ‘Fig. 52.—Mandible. . 

Fig. 53.” 

(Upper—left) “Fig. 54.—Tip of mandible . . . 

ABNORMAL DupticaTion oF INctsive Tusks. A ‘Prop-TusKER’ 

All figures one-ninth natural size. 

. . Right side reversed to face left. The circular highlight under the last molar is a strong protuberance, better shown in 

, with lateral tusks supplied.” 

(Upper—center) ‘Fig. 55.—Section across the tip of the mandible, showing two central sockets and two lateral sockets.” 

(Upper—right) “Fig. 56.—A section of the mandible in Fig. 52, through the last molar.” 
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Tetrabelodon abeli Barbour, 1925. ‘‘Tetrabelodon abeli Sp. 

Nov.” Neb. State Mus., Bull. 9, I, August, pp. 91-94 (Barbour, 

1925.2). Typr.—Mandible containing the second and third 

molars of each side (Neb. Mus. 1-12-9248). Tyrer LocaLity 

anp Horizon.—(Op. cit., p. 94): “This mandible was found in 

Devil’s Gulch, Brown County, Nebraska, by Mrs. J. F. Francis, 

by whom it was carefully dug out and preserved. Later it was 

procured for the palaeontological collections of Mr. Hector Maiben 

by William Strong, while doing field work during the summer of 

1924.” Lower Pliocene. Type Ficure.—Op. cit., text figs.52-56. 

“MANDIBLE mm. inches 

Length, tip of symphysis to back of 

condyle 1156 45% 

Tip of tusk to back of condyle 1359 53% 

Depth of jaw at molar 190 7% 

Thickness of jaw at molar 165 6% 

Length of symphysis 470 1836 
Width of tip 184 7M 

Across condyle 489 1914 

Tusk 

Exposed portion of tusk 216 8% 

Total length of tusk 508 20 

Diameter of tusk 51 2 

Morars 

Length of the two molars 292 11% 

Length of last molar 185 7M 

Greatest width of last molar 76 3 

Osborn, 1933: This beautifully preserved type jaw (Fig. 266) 

appears to present an anomaly either in the retention of the inferior 

milk incisors, Dis, or in the reduplication of the permanent incisors, 

I,. The measurements of the last inferior molar, length 185 mm. 

< width 76 mm., exceed those of the type of T'rilophodon giganteus 

(Amer. Mus. 17359), 172 mm. X91 mm., but are less than those in 

T. ligoniferus type (Amer. Mus. 8531), 245 mm.xX92 mm.; the 

measurements approximate those of Amebelodon (T.) hicksi (199 

mm. X80 mm.), as shown in the comparative table (p. 288); the 
closest resemblance in measurements of the grinders, however, is to 

the type of T. osborni Barbour, as described above (p. 298); in fact, 

the type jaw of 7. abeli seems to be in a stage of progressive evo- 

lution somewhat similar to the type jaw of 7. osborni (Fig. 247); 

the grinding teeth are clearly distinguishable from those of the 

type of A. (T.) hicksi by the absence of an additional crest (penta- 

lophid) which distinguishes A. (7'.) hicksi (Figs. 260 and 262). 

Trilophodon fricki Peterson, 1928 

Figures 267 and 268 

Middle to Upper Miocene, Brown’s Park formation, Weller horizon. 
Northern flanks of Douglas Mountain on the Weller Ranch, Moffat County, 
Colorado. [H.F.O., 1931: For fauna, see page 315 below. Nearly contempo- 
raneous with Serridentinus proavus of Pawnee Creek B, and Miomastodon 
merriami ref. of Pawnee Creek.] 

This most welcome Middle Miocene stage, with cranium and 
dentition fully known, is one of the most primitive Trilophodonts 

1(1934): The above specimen (“Skull No. 21,125 A.M.N.H.” =Frick 
(see Chap. X, pp. 435-439). 
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thus far discovered in North America. Compare Trilophodon 

simplicidens (Fig. 231, p. 285). 

Serridentinus fricki Peterson, 1928. ‘‘The Brown’s Park 

Formation.”” Mem. Carnegie Museum, Vol. XI, No. 2, April 8, 

1928, pp. 111-121, Pls. rx-xv, text figs. 21, 22. Typr.—‘ Great- 

er portion of skull and lower jaws found interlocked in normal 

position; fragments of vertebre; ribs and limb bones of an 

adult, but not old, individual, No. 11,379, C. M. Cat. Vert. 

Foss.” Horizon anp Locauity.—Brown’s Park formation, 

Weller horizon, Middle Miocene. Northern flanks of Douglas 
Mountain on the Weller Ranch, Moffat County, Colorado. Typ 

Figure.—Pls. x1-xtv, and text figs. 21 and 22. See also restora- 

tion by Dr. Andrey Avinoff (Pl. xv). 

Type Descrirption.—(Peterson, 1928, pp. 111-114): 

““Symphysis of lower jaws relatively long, closely approaching 
condition shown in ‘T'rilophodon’ giganteum [Footnote: ‘Amer. 

Mus. Novitates, No. 1, Jan. 31, 1921, Fig. 4, c. Outline view of 

lower jaws of 7’. giganteum.’|. Lower incisors rounded, slightly 

converging toward the apices as in ‘ Trilophodon’ osborni and some- 

what suggesting the condition found in ‘7.’ giganteum. . . . Upper 

tusks relatively long, laterally compressed, slender, with com- 

paratively narrow and light enamel band. Occipital plate of skull 

well rounded from side to side. Second and third molars fully 

developed.” 

“Serridentinus fricki is provisionally placed between T'rilo- 

phodon (‘Tetralophodon’) osborni Barbour . . . and Trilophodon 

(Serridentinus) pojoaquensis Frick, . . . perhaps closer to ‘T.’ 

osborni. The species from Brown’s Park is separated from S. 

pojoaquensis Frick by its longer and slenderer tusks, narrower and 

lighter enamel band, and the more anterior location of the infra- 

orbital foramen. Furthermore, the paratype"! of Frick’s species 

(Skull No. 21,125 A. M. N. H.) has a shorter and higher cranium, 

the occipital plate almost square transversely, from side to side 

with very little forward rounding at the base of the zygomatic 

arches, while this region in our species is much more rounded.” 

“Tn comparing the illustrations and measurements of the skull, 

which Professor Barbour associates with the lower jaws of ‘Tri- 

lophodon’ osborni Barbour, the differences between ‘7'.’ osborni 

of Barbour and S. fricki, appear even greater. The total length of 

the skull of Barbour’s type is actually less than that in our speci- 
men, while the lower jaws are relatively longer and thicker as 

noted. The tusks of the Nebraskan species are short and heavy as 

in Frick’s species 7. pojoaquensis. On the other hand the tusks in 

the specimen from Western Colorado are long and rather slender. 

The relative measurements of the Coloradan and Nebraskan species 

are all rather discordant. If the skull and lower jaws of ‘Trilo- 

phodon’ osborni Barbour are correctly associated, they bring to 
light a remarkable condition. The upper tusks, though well 

formed and strong, do not reach to the front of the symphysis of 

the lower jaws and apparently never did reach the anterior part 

of the incisors to protect them in any way, or assist in their func- 

tion; in fact the illustration by Professor Barbour indicates the 

upper tusks to be of seemingly little or no use, as Barbour himself 

Coll., Amer. Mus. 21125) is now referred to Ocalientinus ojocaliensis Frick 
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states. This is truly a most curious anomaly not usually encount- 
ered in morphological studies.” 

“As has been stated, the skull and lower jaws of the speci- 
men from the Brown’s Park sediments were found perfectly articu- 
lated. In this species it is clear that the upper tusks touched the 
lower when the jaws were in motion and thus the tusks, upper and 

Carn. Mus.11379 Type 

St OT Ec. 
av oi 

Type oF TRILOPHODON FRICKI PETERSON. 

Fig. 267. Type cranium, mandible, and dentition of Serridentinus fricki Peterson, 1928 

lower, functioned in a perfectly normal manner.” 
“The lower tusks are in general shape and proportion, quite 

similar to those in‘ T'rilophodon’ osborn i, as described and illustrated 
by Professor Barbour. In the lower jaw there are only two molars 
on either side, which apparently agree in most details with those of 
‘T.” osborni.” 

*Prop’- on ‘Uproor-rusker’ oF CoLorapo 

After original drawings kindly sent by Mr. Peterson to the 
present author (cf. Peterson, 1928, Pls. x11, x11, and xrv, figs. 6-9). Cranium and mandible one-twelfth natural size; superior (Figs. 6, 7) and inferior (Figs. 
8, 9) molars one-third natural size. Compare Trilophodon simplicidens of Florida, Fig. 231, p. 285. 
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Fig. 268. Restoration of Trilophodon (Serridentinus) fricki Peterson, of the Middle Miocene of northwestern Colorado. After original pencil drawing 
by Dr. A. Avinoff, Director of the Carnegie Museum of Pittsburgh. Compare Peterson, 1928, Pl. xv. 

MEASUREMENTS IN MILLIMETERS 

Trilophodon Trilophodon Trilophodon Trilophodon 

fricki osborni fricki osborni 

SKULL Transverse diameter of first cheek 

Occiput to tip of incisor 1555 1365e tooth, M; 70 

Occiput to alveolar border of incisor 950! Anteroposterior diameter of third 
Occiput to infraorbital foramen 600 cheek tooth, Mz 172 190[196] 

Transverse diameter across zygo- Transverse diameter of third cheek 
matic arch 680! tooth, Ms 73 76 [80] 

Superior Movars ; , Osborn, 1928: The above quotations from Peterson’s very 

Total anteroposterior diameter M'? 350 full description and measurements (op. cit., pp. 111-118), accom- 

Anteroposterior diameter of first cheek panied by his admirable figures (text figs. 21, 22, Pls. x1-xv, 

tooth, M' : 84 including an excellent restoration by Dr. Andrey Avinoff) con- 

Fae diameter of first cheek ~ stitute, together with the description and fauna of the Brown’s 
al 

Park formation, one of the most important recent paleontological 

sp ar Sig aad of second 117 contributions to the American Tertiary. 

site a ; bara Bey Trilophodon fricki (Ms, ap. 172 mm., tr. 73 mm.) is inferior 

ages ee ee 75 in size to Barbour’s type of T. osborni (Ma, ap. 196 mm., tr. 80 
’ mm.); in 7. fricki M; has 3%—4 transverse crests and no heel, 

x whereas in 7. osborni M; has “‘four transverse crests and a large 

ee Bee ea chica 162 heel” (see Barbour, 1916, pp. 523-527). Consequently T. fricki 

. = re is a much more primitive species than 7’. osborni. Its very primi- 

Anteroposterior diameter of third 

3 

I age on tive character is also revealed (Peterson, op. cit., Pl. x11—Fig. 267 
‘ : F : eee of the present Memoir) in the rounded occipital crests and temporal 

pine ralicsbiaiceaae oe ~ ee 1522[1525] fosse, characters partly due to the juvenile condition of this type 

x shysis sia 8 By 734 870 individual of 7. fricki and to the retention of three superior grinding 
SIE e le 

teeth, M', in situ. Its reference to Trilophodon rather than to 
Total ; sterior di ny ; 5 ae : 

See aakeroposteriondinmster Mss, 285 Serridentinus is justified by an examination of the crown and side 
Anteroposterior diameter of first 

cheek tooth, M; 120 “Indicates measurements in part estimated.” 



9 

THE LONGIROSTRINA: TRILOPHODON 315 

views of the superior and inferior molars, in which the central 

conules appear in the very center of the crown, as in the type of 

T. angustidens Cuv. 

Fauna. The associated fauna of Phlaocyon, Bassariscops, 

Ticholeptus, Merycodus, Aphelops ceratorhinus, the chalicotheroid 

Moropus, the cameloids Oxydactylus ref. and Stenomylus ref. are in 

accord with the very primitive character of this superbly preserved 
proboscidean skull and dentition and render probable the late 
Miocene (= Tortonian) age of Trilophodon fricki (see pp. 88, 96, 
and 121 of Peterson’s Memoir), equivalent either to Pawnee Creek 

A, Colorado (Merychippus sejunctus zone), or to the Bristow beds, 

Nebraska, of Barbour (Trilophodon osborni level). 

Trilo phodon phippsi Cook, 1928 

Figures 269-271 

From near Ainsworth, Brown County, Nebraska. Correlated provisionally 

by Cook with the Devil’s Gulch B beds of Barbour. Lower Pliocene ; 

This northern Nebraska bunomastodont is a typical Trilopho- 

don, much more progressive than Trilophodon fricki Peterson of the 

Middle Miocene, Weller horizon, of Moffat County, Colorado. In 

the type cranium and mandible (Figs. 269, 270), the most distine- 

tive character is the entire absence of the inferior incisive tusks, 

regarded by Cook, the describer, as a constant specific character. 

In the referred cranium (Fig. 271) of Trilophodon phippsi 

(Amer. Mus. 22411—Frick Coll.) the mandible is imperfectly 

TRILOPHODON PHIPPSI Type 

CoLo. Mus./26/ 

/ : 
2 5a t. size 

Fig. 269. Trilophodon phippsi Cook, type mounted skeleton in the Colorado Museum of Natural History (Colo. Mus. 1261), discovered in the 

year 1927 near Ainsworth, Brown County, Nebraska, in the local exposures of the Devil's Gulch beds, northwest Nebraska. After photograph kindly 

forwarded to the present author by Mr. Harold Cook (cf. Cook, 1928, PI. 1). One twenty-fifth natural size Lower tusks wanting. 

This young adult skeleton is the finest and most complete Trilophodon thus far discovered, including the skull and jaws articulated as in life, with 

complete tusks marked by a long enamel band extending along the lower external side. Of the trunk and limbs: the scapula, humerus, radius, ulna, 

pelvis (composite), tibia, fibula, Mtc. III. Of the vertebrm: 7 cervicals, 11 articulated dorsals, 4 lumbars, complete sacrum, and four adjoining caudals; 

most of the sternum, also ribs of more than one individual. 

same quarry level along with bones of camels, horses, and other animals. 

257). The principal measurements are: 

Greatest length of skull, condyles to tip of premaxillaries 1110 mm. 
Greatest depth of skull, condyles to top of occiput 678 

Greatest width across zygomatic arches 654 
Length of right tusk beyond tip of premaxillaries (outside) 900 
Length of M? 133 
Width 85 
Length of M® 216 
Width 102 

At least three individuals of Trilophodon are represented in the skeletal parts found in the 

Trilophodon phippsi is somewhat superior in size to T. giganteus Osborn (Fig 

Height of crown of tritoloph above enamel base on M* 72 mm 

Length of mandible 1486 

Greatest length of 

Scapula 875 

Humerus 772 

Radius 648 

Femur 1022 

Tibia 602 

Pelvis, greatest width, over all 1465 
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preserved at the extremity, not clearly indicating the presence of a 

pair of small or reduced incisive tusks. 

Ainsworth Quarry. This rich quarry near Ainsworth, Brown 

County, northern Nebraska, first worked in 1927 by Messrs. Morris 

Skinner and James Quinn for the Colorado Museum of Natural 

History and by Mr. Carl Sorensen for The American Museum of 

Natural History, yielded not only the referred cranium and mandi- 

ble shown in figure 271, but the finest remains of Trilophodon thus 

far discovered in America, together with representatives of the 

contemporary fauna including camels, horses, etc. 

Trilophodon phippsi Cook, 1928. ‘‘A New Longirostrine Ele- 

phant from Nebraska, Trilophodon phippsi, Sp. Nov.” Proce. 

TRILOPHODON PHIPPSI Type 

Colorado Museum /26/ 

Fig. 270. Type of Trilophodon phippsi Cook, 1928. One of the finely 
preserved skulls from the Ainsworth quarry, Brown County, Nebraska. After 
photographs kindly furnished the present author by Mr. Harold J. Cook 
Approximately one-twentieth natural size. ; 

PROBOSCIDEA 

Colo. Mus. Nat. Hist., Vol. VIII, No. 4, May 1, 1928, pp. 
37-43. Typr.—An associated skull and jaws, and essen- 

tially complete skeleton. Colo. Mus. 1261. Horizon AND 
Locauiry.—Near Ainsworth, Brown County, Nebraska, in local 

exposures of the Devil’s Gulch beds. Type Ficure.—Op. 
cit., 1928, Pls. 1 to 111 (see Figs. 269 and 270 of the present Memoir). 

Type Description.—(Cook, op. cit., 1928.1, pp. 38-41) 

“Type, No. 1261, Colorado Museum of Natural History Fossil 
Catalog; an associated skull and jaws, and essentially complete 

Specific characters: Differs from 7’. giganteus, Osborn, skeleton. 

TRILOPHODON PHIPPSI Ref. 

Amer Mus. 2241! 

Fig. 271. Trilophodon phippsi ref. (F:A.M. 22411). Cranium and jaws 
of finely preserved individual in The American Museum of Natural History, 
agreeing closely in many details with the type cranium (Colo. Mus. 1261). 

Approximately one-twentieth natural size. 
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Pleistocene 

-1O] Serridentinus 
‘ nebrascensis Ref. 

“--f{O| Serridentinus 
nebrascensis Ref. 

Valentine 
25730 
25706-8 

Serbelodon barbourensis. Type 
Bs Eubelodon morrilli 
O | Platybelodon barnumbrowni.Type 

I Quinn limestone 

~1O| £ubelodon morrilli 

-|O|Eubelodon morrilli. 

“21O|Eubelodon morrilli 

; Concretionary zone 
*21OQ|Trilophodon phippsé 
ra 5 poder an 

-|OQ|7rilophodon gregori 

lO] Trilophodon willistoni. Type 

25710 

Type 
25723 

Lower Pliocene to Middle Pliocene 
22411 
25701,2,5 
25720 

25721 

Trilophodon oshornt 

O| 7rilophodon osborni 
Clay zones 

Double lake bed 
-|O| Trilophodon osborni 

:'|O| Trilophodon gregorié 

Generalized Columnar Section of the Mio- 
Pliocene Beds of Brown County, Nebraska. 

Fig. 272. Vertical distribution of type and referred species of mastodonts 

of the Mio-Pliocene Devil’s Gulch and Valentine sections, as determined in 

the Frick explorations and collections of the years 1928-1932. 

Upper Miocene to Lower Pliocene 

its nearest described relative, in the following characters. Molars 
slightly more complicated, relatively shorter and broader; enamel 

band situated differently on tusks; lower jaws without tusks, and 
with rugose adaptation for digging.” 

“As comparisons of the width across the condyles to the length 

from condyles to symphysis will be used again in this paper, the 
term ‘mouth’ will be used herein to apply to that area. Reference 
to the table included [omitted herewith] will show many inter- 
esting relations and divergencies. It will be noted that the mouth 

is exceptionally long and narrow in comparison to all related 
described types, other than [T'rilophodon| giganteus. In fact it is 
narrower than any described species of this group, with the excep- 
tion of 7. paladentatus, which is very much smaller. In this con- 
nection, it may be timely to note that 7’. paladentatus is also a 

'Type from Boyd County, Nebraska. 2Type from “vicinity of Ainsworth.” 
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much smaller species than 7’. hicksi, with which it was found closely 
associated, as reference to the ‘mouth’ index and comparative 
measurements herewith will clearly show.” 

“While other species were developing and using long and 
efficient lower tusks, in phippsi we find a type which had developed 
an extremely long and heavy symphysis, approximately as long as 
the tusks and symphysis combined in paladentatus, having lost 

— 
— 3 

Springview ‘Plum Creek 

11-12 

‘Snake River | 

1 

Christmas Quarry Rattlesnake Canyon 

= Devil's Gulch > 
Serbelodon barbourensis 

Torynobelodon barnumbrowni | -4 ee 
Eubelodon morrilli 
Trilophodon (Meg.) lulli 
Trilophodon willistoni 

Trilophodon osborni' x Dir s 
Trilophodon abeli xe | 

Trilophodon phippsi® xe, 5 

Trilophodon (Tatabelodon) gregorii* | / x 

Fig. 273. Key to the intermingling of the Longirostrinw (T'rilophodon), 

Serridentinw (Serbelodon), Platybelodontinw (Torynobelodon), and Humboldt- 

ine (Hubelodon), along the ancient Niobrara River. See map (Fig. 274). 

completely all traces of lower tusks, and apparently developed the 

tip of the lower jaws into an efficient instrument for ‘rooting,’ 

in conjunction with the two short upper tusks. ... In this 

roughened tip are three short, somewhat rounded grooves, one on 

each side, and one centrally located. It is possible that these are 

vestigial remnants of lower tusk alveoli, reminders of ancestors 

that possessed such tusks; but the centrally located groove makes 

even this seem questionable. They all end a short distance below 

the surface of the bone. The expanded, roughened tip strongly 
suggests a heavy, cartilaginous end on the jaw; and the large 

mental foramen indicates the need of a great nutritive supply 
toward the end of the mandible.” 

“In general, 7. phippsi was proportioned very like T. gigan- 

teus, being moderately tall, long bodied, heavily built, and having 

heavily muscled legs. The most noticeable difference is in the lower 

jaws, due, primarily, to the difference in development correlated 

with the presence in one, and absence in the other, of lower tusks.”’ 

“The feet are heavy, short and wide, with rugose muscular 

attachments, as would be expected with such legs. For instance, 

a comparison of the third digit, front and hind, with that of a 

modern Indian elephant of about the same height, well illustrates 

average comparative proportions. The length of metacarpal III 

in the mature 7’. phippsi is 171 mm., and the width of its distal 

facet is 82 mm.; the corresponding measurements of the Indian 

elephant are 194 and 72 mm. Measurements of all digits, front 

and back, show similar results.”’ 

REFERRED SKULL OF TRILOPHODON PHIPPSI FROM AINSWORTH.— 

This finely preserved skull (F:A.M. 22411) supplements the 

type skull (Colo. Mus. 1261—Fig. 270) with which it agrees in the 

absence of lower incisors and in the abruptly truncated symphysis 

of the lower jaw; no evidence of incisive alveoli. It differs only 

x@ indicates the type, x the referred specimens. 
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in the concavity of the facial region, which is due partly to pressure, 

and in the consequent elongation of the cranial region for support 

of the superior tusks. 

Osborn, 1928: The absence of inferior incisive tusks is so 

exceptional that it may be considered as an accidental variation or 

OSBORN: THE PROBOSCIDEA 

anomaly; if a constant character, it is certainly of specific value. 

The third inferior molar (ap. 232 mm., tr. 82 mm., index 35) is 

relatively long and narrow, consisting of four complete ridge-crests 

and a talon, with conspicuous central or intermediate conules 

(Fig. 270). 

THE PROCAMELUS-HIPPARION ZONE AND PRECEDING AND SUCCEEDING LOWER TO MIDDLE PLIOCENE LIFE ZONES 

Equip av ‘Fort Nrioprara’ (Fra. 274, No. 6).—The fifteen 

species of Equines described from ‘Fort Niobrara’ include species 

of the more primitive Parahippus, Merychippus, and Hypohippus; 

also primitive and progressive species of Protohippus, Pliohippus, 

and Hipparion, as below. 
Among the camels of Devil’s Gulch there occur Procamelus, 

Alticamelus, Pliauchenia, and Oxydactylus; among the deer, Mery- 

codus necatus; among the carnivores, Aelurodon, Tephrocyon, 
Cynarctus, Cyon, Temnocyon, and an indeterminate mustelid. 

The Devil’s Gulch section (Fig. 568) extends from the under- 

lying Chadron upward through the Metoreodon zone into the 

Eubelodon morrilli zone. 

Hypohippus affinis Leidy 
Parahippus cognatus Leidy 
Merychippus calamarius (Cope) 
Merychippus insignis Leidy 
Protohippus niobrarense (Gidley) OU ONO) = 

6. Protohippus simus Gidley iil 
7. Protohippus placidus Leidy 
8. Protohippus perditus Leidy 
9. Protohippus parvulus (Marsh) 

Pliohippus robustus Marsh 

Pliohippus pernix Marsh 
12. Pliohippus supremus (Leidy) 
13. Pliohippus mirabilis (Leidy) 
14. Hipparion gratum (Leidy) 
15. Hipparion affine Leidy 

, i FOREST 

River ! 

ek, 
pardmans Cre 
— b Sea 

de 

2 

PLIOCENE OF NORTH-CENTRAL NEBRASKA. 

Fig. 274. 

CURD EAR ay Clos), KEE -¥ <Al/PA nA Clos 

a Om LGNATIONAL of 

Johnsto ’ c 
Pe eee 

Ainsworth 

100° 

1934 

Lower To Mippie Puiocens Fossit Locarities in Norta CentraL NEBRASKA 

Extending 120 miles east and west, and from 200 to 400 feet above the present level of the Niobrara River. These localities represent the ancient 

enue of the river. Explored (1853-1866) by Meek and Hayden and at intervals up to the present time. The ‘Fort Nioprara’ (preoccupied) of Leidy, 

the ‘Nepraska’ (preoccupied) of Scott, the ‘VALENTINE’ of Osborn and Matthew (1909.301), the ‘Procamelus-Hipparion zone’ of Osborn (1918.473). 

1. Devin’s Guicr 

2. Deep Creek 

3. Plum Creek 

4. Murphy Canyon 

5. Fairfield Creek 

6. Fort Nrioprara 

Brown County 

Brown County 

Brown County 

Keyapaha 

County 
Brown County 

Cherry County 

Barbour, 1914, 1928-1930 

Frick, 1927-1934 
Barbour, 1929 

Frick, 1927-1933 

Barbour, 1928-1930 

Frick, 1927-1933 

Barbour, 1928 

Frick, 1927-1933 

Barbour, 1928-1929 

Frick, 1927-1933 

Leidy, 1858-1869 

Marsh, 1868 

Barbour, 1914-1916, 1928-1933 

7. VALENTINE 

8. Schlagel Creek 

9. Gordon Creek 
10. Steer Creek 

11-12. Snake River 

13. | North Loup River 

14. Christmas Quarry 
15. Cub Creek 

16.  Springview 

17. Johnstown 

18. Rattlesnake Canyon 

Cherry County 

Cherry County 
Cherry County 

Cherry County 

Cherry County 

Cherry County 

Cherry County 
Keyapaha 

County 
Keyapaha 

County 

Brown County 
Brown County 

Barbour, 1930-1933 

Barbour, 1928-1933 

Barbour, 1928-1933 

Barbour, 1930-1933 

Barbour, 1928-1933 

Barbour, 1930 

Frick, 1931-1933 

Frick, 1927-1933 

Frick, 1927-1933 
Frick, 1927-1933 

Frick, 1927-1933 



Year 

1924 

1926 

1929 

1931 

1930 

1929 

1930 

1928 

1932 

1928 

16. REVIEW OF THE FRICK COLLECTION OF TRILOPHODONTS, 1924-1933 

Number 

F:A.M. 21115 

F:A.M. 21139 

F:A.M. 21291 

F:A.M. 21129 

F:A.M. 21300 

1261 

F:A.M. 21290 

F:A.M. 21296 

F:A.M. 25702 

F:A.M. 25721 

F:A.M. 25711 

Colo. Mus. 

F:A.M. 20850B 

F:A.M.20850A | T'rilophodon barstonis 

Character Identification Upper Miocene—Lower 
of Specimen Pliocene 

Trilophodon pojoaquensis 
type Skull Santa Fé marls, N.M. 

Trilophodon pojoaquensis| Mandible | Santa Fé marls, N.M. 

Trilophodon pojoaquensis| Maxilla 
and ramus! Santa Fé marls, N.M. 

Trilophodon pojoaquensis | Skull Santa Fé marls, N.M. 

Trilophodon cruziensis Skull and 
type mandible | Santa Fé marls, N.M. 

Trilophodon cruziensis Maxilla Santa Fé marls, N.M. 

Trilophodon (Amebelo- 
don) joraki type Mandible | Santa Fé marls, N.M. 

Trilophodon osborni Mandible | Ainsworth, Neb. 

Trilophodon osborni Skull Ainsworth, Neb. 

Trilophodon osborni Skull and 
mandible | Ainsworth, Neb. 

Trilophodon phippsi type | Skull and 
: ee mandible | Ainsworth, Neb. 

Trilophodon barstonis Dp* 
type (45 x 34) Barstow, Cal. 

[ = Serridentinus] 

Py 
type [=Ser.] (40.5 X33) | Barstow, Cal. 

at | 

In column of mandibular lengths, ‘‘a” indicates approximate, ‘'s” to end of symphysis only. 
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1260 

Length of 
Mandible 

1000a(s) 

1130a(s) 

1130(s) 

216X102 47 | 

In the year 1924 Frick discovered the imperfect skull of the species Trilophodon pojoaquensis in the Mio- 

Pliocene marls of Santa Fé, which he described in 1926; with this animal was confused the new Serridentine 

Ocalientinus. 

Since Frick’s publication of 1926, additional material has been collected by his field parties which proves the 

existence of Trilophodon pojoaquensis in the Santa Fé marls, also of the Serridentine Ocalientinus ojocaliensis. 

TEN SPECIMENS IN THE FRICK COLLECTION (1924-1932) REFERABLE TO SPECIES OF TRILOPHODON 

In specific order, as arranged by Frick, the Trilophodonts are as follows, omitting the specimens which 

Osborn refers to the genus Serridentinus.' 

Measurements 
Mé Ms 

197100 51 | 

220«95 43 

187e ) ) 

201X102 51 

165X72 44) 18071 39 

165 | 18070 39 

oT a a 

18065 36 

| 207X78 37 

178X85 48 | 

187X85 45 | 201X89 44 

Inpices.—The ten specimens of Trilophodon in the Frick Collection present superior indices ranging 

from 44 to 51, partly modified by lateral pressure; the inferior indices range from 36 to 44, as shown in the accom- 

panying table. 

1(1935) Trilophodon barstonis now referred to Serridentinus. 
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ConcLUSIONS AS TO SPECIES.—It is not the purpose of this Memoir to determine specific differences among 

the Trilophodonts but to note the outstanding characteristics of the type specimens as presented by the various 

authors. 

It appears probable that these ten Trilophodonts in the Frick Collection, chiefly of Upper Miocene and 

Lower Pliocene age, represent in part males and females of species, the differences in the type and referred 

specimens being due partly to age, partly to sex. 

Trilophodon pojoaquensis Frick, 1926 

Figures 275, 276, 278 

Santa Fé marls, Santa Fé County, New Mexico. 

This new Trilophodont (Trilophodon pojoaquensis Frick) is in a 

stage of evolution not far from that of Trilophodon osborni Barbour 

and appears to establish a Lower Pliocene age for these two 

species. The author’s figures are reproduced and renumbered for 

this Memoir. 

Most welcome is the discovery (1924) and description (1926) 

by Mr. Childs Frick of a fine type maxilla and tusks (Amer. Mus. 

21115) from the Mio-Pliocene Santa Fé marls of Santa Fé 

County, New Mexico, an horizon which originally yielded the type 

of Mastodon {=Serridentinus] productus Cope and in 1924-1931 

other valuable material of this species. 

The author’s original references and type description are as 

follows: 

Trilophodon (Serridentinus) pojoaquensis Frick, 1926. “Tooth 

Sequence in Certain Trilophodont Tetrabelodont Mastodons 

and Trilophodon (Serridentinus) pojoaquensis, new species.” Bull. 

Amer. Mus. Nat. Hist., Vol. LVI, Art. II, pp. 125, 142-150, 161, 

162-165. Typre.—(Op. cit., p. 161): “Fragment of skull con- 

taining m2-m* of left side, and both tusks.” Amer. Mus. 

21115. Horizon AND Locatiry.—Mio-Pliocene, Santa Fé 

Mio-Pliocene. 

‘ 
\ 
‘ 
‘ 
‘ 

— 

Type SKULL OF TRILOPHODON POJOAQUENSIS. 

Fig. 275. 

marls, about twenty-four miles north of Santa Fé, Santa Fé 

County, near Pojuaque (the pueblo for which the species was 

named), New Mexico. Tyre Ficure.—Op. cit., fig. 26, p. 

148, and fig. 22A, p. 144. 

Description oF Type Specimen (Amer. Mus. 21115, Fic. 

FIG.26 A./M.No.2/115 

‘Prop-’ oR ‘UPROOT-TUSKER’ 

Type figure of Trilophodon (Serridentinus) pojoaquensis Frick, 1926, fig. 26, 

p. 148. Skull fragment containing M?, M®, and tusks (Amer. Mus. 21115). 
Outer view, one-tenth natural size (tusks somewhat distorted). 

Fig. 276 of the present Memoir.) Santa Fé marls, New Mexico. 

275).—(Frick, 1926, pp. 161, 162): ‘“‘The specimen exhibits a 

portion of the left maxilla and adjacent region containing m?-mé 

(cracked) and tusks of large size. The m’, which is slightly worn, 

in anteroposterior diameter exceeds by 40 per cent the estimated 

length of the hypothetical m* of the type of T. (S.) productus. 

Except for its much greater size and perhaps more massive tuber- 

cular arrangement, the tooth broadly resembles the last molars 

referred to the latter species. This molar, and a broken mg 

(Amer. Mus. 21122A), that implies a tooth of equal size to that of 

the huge type specimen of 7. (S.) floridanus, represent the largest 

individuals in the Santa Fé collection. The tusks, which have been 

much shortened through use, are of heavy triangular-tending cross- 

section and have on the outer side a broad band of enamel. The 

particular specimen, on account of its extraordinary size, has been 

selected for the type of the new species, the much better preserved 

but somewhat smaller skull being made a paratype.” 
(Osborn, 1933): The smaller skull (F:A.M. 21125), originally 

considered by Frick as a paratype of Trilophodon pojoaquensis, 
proved on subsequent examination and study by Frick (1933, p. 
579) to be referable to his new Serridentine genus and species 

Ocalientinus ojocaliensis; it is accordingly figured (Figs. 402 
and 405) and described (pp. 435-439) in Chapter X, of the present 
Memoir, the Serridentine. 

Spreciric CHARACTERS.—(Frick, 1926, p. 161): ‘‘(As seen in 

type specimen) huge size as compared to TJ’. (S.) productus Cope; 
tooth crowns high, main tubercles large and resultingly crowded, 

(See M’, Fig. 22A= 

three-crested intermediate molars wearing to single trefoils, four- 

crested last molars with slight tuberculate heels, and m greatly 

elongate relative to m2; mature cheek-tooth series consisting of 

m3-m; large downwardly directed superior tusks with broad band 

of enamel on outer surface.” 
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COMPARISON WITH TRILOPHODON OSBORNI.—Osborn, 1926: 

The measurements below from Frick (1926) and Barbour (1916), 
together with a comparison of the crania and grinding teeth of the 
two species, indicate that Trilophodon pojoaquensis is in a stage of 
evolution slightly more progressive than T. osborni. Closely 

comparing the figures of the third superior grinding teeth in the 
two types (Fig. 251, 7. osborni, and Fig. 276, T. pojoaquensis), 
we observe their similar size and a similar development of the 

internal trefoils, while 7’. pojoaquensis exhibits somewhat stronger 

external trefoil rudiments and a more pronounced rudiment of a 

pentaloph, the length of the third superior molar being 197 mm. as 
compared with 185 mm. in 7’. osborni. Both T. pojoaquensis 

(Fig. 275) and T. osborni (Fig. 253), are very clearly distinguished 

by the broad external enamel band on the out- and downcurved 
tusks, which are of moderate length as compared with the slightly 
downcurved tusks of 7. giganteus in which the enamel band is “3 ; 
seen on the lower border of the tusks only (Fig. 259), also as com- AM.No. 21118 
pared with 7. lulli (Fig. 243) in which the tusks are greatly elon- Ref 
gated and nearly horizontal in position. 

Consequently we infer that Trilophodon osborni and T. 
pojoaquensis represent a Lower Pliocene stage of evolution; 7’. 

pojoaquensis is a somewhat more progressive species than 7’, osborni 

and represents a slightly more recent geologic stage. 

1s nar: CompPaRaTivE MEASUREMENTS sila? |: 

Trilophodon  Trilophodon A, Type Mouar oF TRILOPHODON POJOAQUENSIS AND B, BI, RererRep 
pojoaquensis osborni Mo ark OF OCALIENTINUS OJOCALIENSIS 

. Friek Barbour Fig. 276. (Upper) Type figure of third superior molar (Amer. Mus, 

Length, third superior molar, M?®, 21115) of the left side, 1.M*, of T'rilophodon (Serridentinus) pojoaquensis 
iva : 197 185 Frick, 1926, p. 144, fig. 22A, one-third natural size. 

; (Lower) Crown and side views of referred third left superior molar 
Length, second superior molar, 1.M® (Amer. Mus. 21118) of Ocalientinus ojocaliensis (Frick, 1926, pp. 144, 

M?, type [140] 130 145, fig. 22B; 1933, fig. 26, see caption, p. 563). One-third natural size. 
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Fig. 277. World migration lines of the typical T’rilophodon (1-7’. angustidens), of the ‘shovel-tuskers’ (P and 9~Phiomia, 30 - Amebelodon), of the ‘prod- 

tuskers’ (28-7'. sendaicus, 7—T'. obscurus, 26-7’. simplicidens), from Afriea (theoretical), Eurasia, India, and North America. 
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SUPPLEMENTARY NOTES ON TRILOPHODON POJOAQUENSIS FRICK, 1926, 1933 

Of the specimens of T'rilophodon pojoaquensis listed by Frick in his paper of 1933, pp. 578, 579, 585, the largest 

skull (F:A.M. 21129) is found to be a true Trilophodon and is figured in the peau Memoir (Fig. 278) ; pane 

specimens, namely, F:A.M. 21139 and 21291, also belonging to 7’. pojoaquensis, END figured eee by F ae 

or Osborn. F:A.M. 21139, has lower tusks, of the ‘prod-tusker’ type; these are seemingly round in cross-section, 

but with a depression or groove along their upper surfaces, which may be partly due to crushing. 

In 1926, p. 161, Frick first described and named the species Trilophodon (Serridentinus) pojoaquensis, basing 

it on the “fragment of a skull containing m?-mé of left side, and both tusks. Amer. Mus. 21115.” A complete 

résumé of his description, together with type figure, is given on pages 320, 321, figs. 275, 276, of the presen 

chapter. At the same time he described as a paratype a superb skull (Amer. Mus. 21125) from the same locality 

as the type, namely, the Santa Fé marls of New Mexico, which in his recent paper (1933) he has referred to 

his new genus and species Ocalientinus ojocaliensis. The present writer confirms this reference and the reader 

A, OCALIENTINUS OJOCALIENSIS  Rer Al 

FAM.21129 
FAMZZ9 

B, TRILOPHODON POJOAQUENSIS Rer 

Fig. 278. Lone-sAwEp TRILOPHODON POJOAQUENSIS FRICK AND OCALIENTINUS OJOCALIENSIS Frick, 1933, Frick CoLLEctTIoN, 
Santa Fé Marts, Tusuque anp Santa Cruz, New Mexico (cr. Fics. 275, 276) 

A, Ocalientinus ojocaliensis Frick. Referred mandible (F:A.M. 21276), length 1200+-mm., from Tusuque, N. M. After Frick, 
1933, fig. 6, p. 531, one-tenth natural size. 

Al, Same, third right inferior molar, r.M3, with 4-5 ridge-crests, ap. 225 mm., tr. 88 mm., index 39, about one-third natural size. 
B, Trilophodon pojoaquensis Frick. Largest cranium (F:A.M. 21129), from Santa Cruz, N. M. After Frick, 1933, fig. 12B, 

about one-tenth natural size. Zygomatic width 700 mm. 
B1, Same, third right superior molar, r.M’, with 4% ridge-crests, ap. 201-+-mm., tr. 100 mm., index 50. After Frick, 1933, fig. 23B, 

about one-third natural size. 
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will find a review of the specimen on the pages (pp. 435-439, Chap. X) mentioned above under T rilophodon (p. 
320), the genus to which it was first referred, although it is designated as O. ojocaliensis ref. Also referable to 
O. ojocaliensis, rather than to Trilophodon, is the tuskless mandible from Tusuque, N. M. (F:A.M. 21276), figured 

: on page 322 as figure 278A—A2, which Frick provisionally referred to Serridentinus pojoaquensis. 

Al 

FAM 21300 

A. TRILOPHODON CRUZIENSIS 
: Fricn, 1933, Tyee 

Fig. 279. Lona-sAwep TRILOPHODON CRUZIENSIS FricK AND OCALIENTINUS OJOCALIENSIS Frick, 1933, Frick CoLiecrion, 

Santa F& Marzs, Mro-Piiocene, Santa Croz, New Mexico 

Arter Frick, 1933, Figs. 10, 12A, 25 

Cranium and mandible, one-ninth natural size; molars, one-third natural size 

A, Trilophodon cruziensis Frick. Type female cranium and mandible devoid of tusks (F:A.M. 21300), with superior and inferior incisive 
alveoli (4 A,B B) partly closed, lower incisive rostrum reduced. After Frick, 1933, fig. 10. 

Al, Palatal aspect of same cranium (F:A.M. 21300), after Frick, 1933, fig. 12A. 

A2, Same, third superior molar, r.M°, 444 ridge-crests, ap. 165 mm., tr. 72 mm., index 44. 

A8, Same, third right inferior molar, r.M3, 5! ridge-crests, ap. 180 mm., tr. 71 mm., index 39. 
A4, Transection of edentulous premaxilla (4) and of rostrum of mandible (8). 

B, Ocalientinus ojocaliensis Frick. Referred third right inferior molar, r.Ms, 44 ridge-crests (F:A.M. 21132), ap. 194 mm., tr. 89 

mm., index 46. After Frick, 1933, fig. 25. 

Trilophodon cruziensis Irick, 1933 mandible with m*-m%; 2 scapulw, 2 humeri, and partial hyoid. 

Figures 279, 281 mt="S2 mm. F:A.M. 21300. Figured this paper, Figs. 10, 

From Santa Cruz, New Mexico. Mio-Pliocene. Santa Fé marls. 12A, 17, 23A and 25." Horizon aNd Locauity.—Santa 
Compare T'rilophodon phippsi Cook, 1928, also Trilophodon joraki Frick, Cruz, New Mexico, Santa Fé marls, Mio-Pliocene. Collected 

1933, both tuskless in the lower jaw, possibly females. in 1930. Typr Ficure.—Op. cit., figs. 10, 12A, 17, 23A, and 25. 

Trilophodon cruziensis Frick, 1933. ‘‘New Remains of Tri- Specrric Cuaractrers.—(Frick, 1933, p. 579): “Cranium 

lophodont-Tetrabelodont Mastodons,”’ Bull. Amer. Mus. Nat. — relatively low, elongate narrow symphysis of moderate to long 

Hist., Vol. LEX, Art. LX, pp. 505, 509, 574, 576, 579, 584, 585.  Longirostrine proportions. The narrow, elongate-tending m; 
Typr.—(Op. cit., p. 579): “Fine tuskless low-domed skull and with incipient fifth crest is not unsuggestive of Hubelodon.” Length 
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of humerus 600 mm. Frick observes (p. 574) that this “low- 

domed, tuskless cranium with tuskless jaws of specimen F:A.M. 

21300 (Fig. 10 [Fig. 279 of Memoir]) is interpreted as possibly 

representing the female of a normal, moderately elongate jawed, 

low-browed species.” 

Osborn, 1933: The mandibular chart (Fig. 281) below 

presents a significant comparison of the type mandibles of Tri- 

lophodon cruziensis and T. joraki. These mandibles are recorded 

(Frick, 1933) from the same geologic horizon, namely, the Santa Fé 

marls, Santa Cruz, New Mexico; they agree in the proportions and 

characters of the jaw; they agree in the proportions of the third 

inferior molars; they agree in the absence of inferior incisive teeth, 

the alveoli being partly closed in each case. Consequently it appears 

probable that they belong to the same species, namely, 7. cruzi- 

ensis which anticipates 7. joraki in description. This edentulous 

condition of the inferior ramus has also been observed in the type 

of T. phippsi, so that these two specimens may prove to be refer- 

able to 7. phippsi Cook, 1928. 

Trilophodon (Tatabelodon’) riograndensis Frick, 1933 

Figure 280 

From Battleship Mountain, New Mexico. Santa Fé marls, Mio-Pliocene. 

The author speaks of the longirostral Mio-Pliocene Trilopho- 

donts (Tatabelodon) as ‘buffer-tuskers’ [= ‘prod-tuskers’]. 

Tatabelodon riograndensis Frick, 1933. ‘‘New Remains of 

Trilophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. 

Hist., Vol. LIX, Art. IX, pp. 505, 509, 534, 535, 547, 571, 573, 

576, 581, 585. Typr.—(Op. cit., p. 576): “Crushed maxilla 

and mandible, F:A.M. 21140 (Figs. 6 and 13). Symphysis bear- 
ing bases of extremely heavy incisors, roots extending posterior 

to p. s.; symphysial length while indeterminate evidently con- 

siderable. . . . |p. 581] Typr.—Mandible with mss and extremely 

heavy incisor bases, distal end of symphysis missing. m;=199 

mm. right, 203 left.” Horizon anp Locauity.—From 

Battleship Mountain, New Mexico; Santa Fé marls, Mio-Plio- 

cene. Type Ficurn.—Op. cit., figs. 6 and 13. 

Speciric CuHaractrers.—(Frick, 1933, p. 581): ‘‘Character- 

ized by the extreme heaviness, indentation and posterior position 

of the incisor root, unusual lightness of posterior mandible relative 

to symphysis and apparent tendency to deflection of symphysis. 

In the referred Nebraskan species the mandibular symphysis 

is of peculiar form, the inferior incisors are elongate and of ex- 

tremely massive cross-section, and the upper tusks are large, with 
wide bands.” 

GeoLocic Acr.—(Frick, 1933, p. 571): ‘The mastodont 
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forms of the Ojo Caliente and the Santa Cruz sections of the Santa 

Fé basin are tentatively interpreted as of the Hipparion zone. 

Probably of as fully as late age is the peculiar type mandible of 

Tatabelodon riograndensis, n.g. and sp., discovered in place directly 

beneath the burnt rhyolitie contact in Battleship Mountain 

[Footnote: ‘See writer’s photograph of this specimen in cinches, 

and members of Joseph Rak’s 1926 field party, including the dis- 

coverer of the specimen, Charles Christman, reproduced, opposite 

page 199, in ‘Cope: Master Naturalist,’ by H. F. Osborn, 1931.’].”’ 

Trilophodon (Tatabelodon’) gregorii Frick, 1933 
Figure 280 

From the vicinity of Ainsworth, Nebraska. Lower Pliocene. 

Tatabelodon gregorii Frick, 1933. ‘‘New Remains of Tri- 

lophodont-Tetrabelodont Mastodons,’’ Bull. Amer. Mus. Nat. 
Hist., Vol. LEX, Art. IX, pp. 506, 509, 534, 536, 581, 590, 
591, 593, 597, 598. Typr.—(Op. cit., p. 597): “Type.— 

Palate with m*m*', tusks, and partial mandible with mg 

and heavy incisor. asymp =(100)% m*=(190) mm. m;= (205). 

F:A.M. 25740.” Horizon AND Locauity.—From vicinity 

of Ainsworth, Nebraska. Lower Pliocene. Type Figure.— 

Op. cit., figs. 13 and 27A. 

Speciric CHaracters.—(Frick, 1933, p. 597): ‘‘The superior 

tusks are proportionately as heavy as the inferior incisor, tending 

to be round in cross-section and strongly curved, and are provided 

with a broad band of enamel [67 mm.]. The preserved inferior 

incisor is of the same extremely heavy cross-section of the geno- 

type [T'atabelodon riograndensis|, in this being partially sugzestive 

of the Honduras genotype of Aybelodon, n.g. In the mandible the 

superior lateral margin of the symphysial gutter exhibits a marked 

flare; the usual weakness of symphysis occurs in the vicinity of 

the major mental foramina and the incisive root bases; superior 

to the incisive roots (see cross-section) there is an inverted tri- 

angular area free of bone; the depression in the vertical ramus 

posterior and inferior to the coronoid process is considerably less 

than in the New Mexican genotype, F:A.M. 21140.” 

Mareriats.—Frick (p. 598 and fig. 12C) questionably refers 

to Tatabelodon gregorti a palate from Rattlesnake Canyon, near 

Ainsworth, Nebraska (F:A.M. 25721), characterizing it as follows: 

“QUESTIONABLY REFERRED.—Palate with m?-m* (erupting) 

and sections of right and left curved tusks with enamel bands 

narrowing posteriorly. Yosterior palate peculiarly ‘bridged’ 

over. m?=123 mm. m*=180 (erupting). Molars lighter and 

slenderer transversely and tusks lighter than in F:A.M. 25740.” 

This specimen is referred by Osborn to T'rilophodon osborni. 

Trilophodon (Tatabelodon) riograndensis eee Manaine M3 M; 

1926 | F:A.M. 21140 type| Battleship Mt., N.M. Mandible 1000a 203 X82 a 

Trilophodon (Tatabelodon) gregorii 

1932 | F:A.M. 25740 type| Ainsworth, Neb. Skull and mandible 19095 53 | 205x89 43 

'(Frick, letter, Sept.26, 1933): ‘“ T’atabelodon—T-ata belodon . 7 ancestral or primitive ‘belodon.’ The initial ‘T’ of the last two subgenera [T'robelodon and 
Tatabelodon| recalling the ‘T’ of Trilophodon with which the two were grouped in the ‘ Longirostrines’ proper.”’ (See Frick, 1933, p. 576.) 
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tinction from Trilophodon to which they appear to be related both in — table. 

B, TATABELODON RIOGRANDENSIS Faicx. 1935, Tyee. 

| 

Artz ea 

F.AM.25721 

FAM. 25740 
ie + \ (7, } 

\\ ‘ —\ ; A2 

ze A, TATABELODON GREGORII Frick, 1933, Tyre 

Fig. 280. ‘Prop-ruskers’: TrILorHopoNn (TATABELODON) RIOGRANDENSIS FRICK AND T. (TATABELODON) Grecortt Frick, 1933, 

Frick Couiecrion, Barriesuie Mountarn, New Mexico, AND AnswortnH, NEBRASKA 

Mandibles about one-tenth natural size 

B, Tatabelodon riograndensis Frick. Genotype mandible (F:A.M, 21140), length 1000a mm., from Battleship Mountain, New Mexico. 

After Frick, 1933, fig. 6. 

BI, Transection of inferior tusks of same, after Frick, 1933, fig. 13. 

A, Tatabelodon gregorii Frick. Type cranium and mandible (F:A.M. 25740), 

fig. 27A. 
Al, Crown view of mandible of same. 

A2, Triangular sections (a, 8) of inferior incisive tusks of same. 

C, Palate (F:A.M. 25721) referred by Frick (1933, fig. 12C) to T'atabelodon gregorti, by Osborn (in the present Memoir) to Trilopho- 

don osborni. From Rattlesnake Canyon, near Ainsworth, Nebraska. 

from near Ainsworth, Nebraska. After Frick, 1933, 

Osborn, 1933: The superiorly grooved and upcurved longi- length of jaw and in the dimensions of the 4% ridge-crested third 

rostral symphyses of these types scarcely serve for generic dis- inferior grinding teeth, as shown in the above comparative 



Trilophodon joraki’ Frick, 1933 
Figure 281A 

From Santa Cruz, New Mexico. Santa Fé marls, Mio-Pliocene. 

Compare Trilophodon phippsi Cook, 1928, also 7’. cruziensis Frick, 1933, 

both with tuskless lower jaws resembling the tuskless 7’. joraki type. See 

also Fig. 245, p. 297 above. 

(?) Amebelodon joraki Frick, 1933. “New Remains of Tri- 

lophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. 

Hist., Vol. LIX, Art. LX, pp. 505, 509, 515, 536, 554, 557, 577, 582, 
585. Tyrr.—(Frick, op. cit., p. 582): ‘Tuskless mandible 

with ms. F:A.M. 21296. Figured this paper, Fig. 18. ms 

(much worn) =((180+-))?mm. Characterized by elongation (122— 

127%) and considerable breadth of symphysis and anterior posi- 

tion of main mental foramen, etc.” Horizon AND LocALity.— 

From Santa Cruz, New Mexico. Collected in 1930. TYPE 

Ficure.—Op. cit., 1933,fig. 18 (Fig. 281A of the present Memoir). 

Frick in his paper of 1933, under the heading ‘‘ Résumé of 

Three Symphysial Groups and Seven Tentatively Recognized 

New Mexican Longirostrine Species,” page 575, places Amebelo- 

don joraki in his Group C, characterized as follows (p. 577): 

“C. Symphysis Very Long—‘Superlongirostrines’ [Symphy- 

sis approximating 120+ % of the post symphysis—pouch length. ] 

The group is represented in the New Mexican collection by two or 

more forms which differ greatly in the relative size and shape of 

the inferior incisors. The characters of the superior tusks are 

unknown. 

Species 7. (?) Amebelodon joraki, n. sp. Typr.—Mandible 

with extremely elongate and tuskless symphysis, F:A.M. 21296 

(Fig. 18). m3=((180))? mm. [Note partial resemblance of sym- 

physis to that of larger tuskless mandible from Nebraska referred 
to Eubelodon.|” 

Osborn, 1933: The mandibular measurement (1130a mm.) 

is within the range of the Trilophodonts of the Santa Fé marls 
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and of Ainsworth and identical with that of the ramus referred to 

Trilophodon osborni, namely, 1130 mm. The single inferior grind- 

ing tooth (ap. 180 mm., tr. 65 mm., index 36) is also close in 

measurement to that of the type of Trilophodon cruziensis, namely, 

ap. 180 mm., tr. 71 mm., index 39. 

As noted above under the description of Trilophodon cruziensis, 

the type of 7. joraki Frick (F:A.M. 21296) is in some respects 
similar to the type of 7. cruziensis (F:A.M. 21300) also, in the 

absence of inferior incisive teeth, to the type of 7. phippsi Cook, 

1928 (Colo. Mus. 1261). It is accordingly to be considered 

whether both 7. joraki and T. cruziensis may not be referable to 

T. phippsi. The tuskless condition of 7. joraki is probably a 

female character. As shown in the table above (p. 319), the 
mandibles in the Frick Collection referred to T. pojoaquensis, T. 

cruziensis, T’. joraki, and T. osborni, range in length from 1000a mm. 

to 1260 mm., partly attributable to age, partly to sex. 

The female sex of the tuskless type of Trilophodon cruziensis 

is apparently indicated by the minimum measurements both of 

the jaw (1000 mm.) and of the superior and inferior grinding teeth. 

The third superior molars range from 165 mm. to 216mm. The 

supposed female T. phippsi type presents a relatively large M?* 

(ap. 216 mm.). 

In figure 281 below an interesting comparison is made of the 

admirable series of drawings in Frick’s paper of 1933 of the 

superior view of the mandibles of the two species Trilophodon 

joraki and T. cruziensis in contrast with those of Ocalientinus, 

Serridentinus, and Trobelodon; there can be no doubt that Trilo- 

phodon is clearly distinguishable by the five crested third inferior 

molars exhibiting the central trefoil expansions and well developed 
central conules which are absent in the Serridentines. 

Osborn, 1935: Compare tuskless mandible recently found 

near the type locality of Trilophodon (Megabelodon) lulli (Fig. 245, 
p. 297 above). 

COMPARISON OF MANDIBLES OF TRILOPHODON, OCALIENTINUS, SERRIDENTINUS, AND TROBELODON 

The mandibular drawings reassembled from Frick’s paper of 1933, as shown in similar scale and similar aspect 

in figure 281, enable us clearly to distinguish the outstanding mandibular and dental characters of two species 

of Trilophodon (A, B), of one species of Ocalientinus (C), of two specimens of Serridentinus productus (D, E), and 

of the genotype specimen of T'robelodon (F) transferred (1933) to the Serridentine (Chap. X). 

First we notice the very marked distinction in the characters of the third inferior molar, namely: (1) In 

Trilophodon (A, B) this tooth is long, narrow, and five crested; in contrast (2) to the three members of the sub- 
family Serridentine (C, D, E, F), in which the third inferior molar is 4% ridge-crested with ectotrefoil spurs; 
Ocalientinus ojocaliensis (C) is very clearly distinguished by the elongation of the symphysis and deep superior 
grooves, while its lower incisors present broadly transverse blunted extremities, similar in proportion to those of 
Serridentinus productus (D, E); S. productus, however, is clearly distinguished by its relatively abbreviated sym- 
physis and smaller size. (3) Trobelodon taoensis (F) exhibits a broad and relatively elongate symphysis and rela- 
tively enlarged inferior incisors but which have the same transverse section as that of Ocalientinus and of 
Serridentinus. Accordingly all these three animals, Ocalientinus ojocaliensis, Serridentinus productus, and T'ro- 
belodon taoensis, may be described as ‘prod-tuskers’ or ‘scaptobelodonts,’ the tusks probably functioning in the 
same way in fairly compact soil. They may in turn be clearly distinguished from Serbelodon (Fig. 408), a lateral 
branch of the Serridentine, in which the inferior incisors are of a broad, shovel-tusk type adapted to more moist 
conditions and softer soil. 

‘Trilophodon joraki Frick, 1933, may prove to be a synonym of T. (Megabelodon) lulli Barbour, 1914 (see Fig. 245, p. 297). 
*(( )) =estimated. 

2¢% 
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B, TRILOPHODON CRUZIENSIS Tyee 

OJOCALIENSIS Rep ™ 

 RAM2S TN 

F, TROBELODON TAOENSIS Tyre 

Tig. 281. Frick’s MaNnpIpuLar Types or Tritornopon (A, 7MEGABELODON), OCALIENTINUS, Sernipentinus, TROBELODON 

Drawings after Childs Frick, 1933; generic and specific references in part by Osborn. Uniform reduction to a one-eighth scale 

A, B, Trilophodon, with elongate, flattened symphysis, subfamily Longirostrine 

A-B, Incisorless mandibles of (A) Trilophodon joraki type, (B) 7. cruziensis type, in the Frick Collection, Ms of both species with 

514 ridge-crests. Compare A, T'rilophodon joraki type rostrum, with that figured on page 297, figure 245, above, referable either to Tri- 

lophodon joraki or to T. (M egabelodon) lulli. 

C, Ocalientinus, with very elongate, grooved symphysis, subfamily Serridenting 

C, Ocalientinus ojocaliensis ref., Ms with 4% ridge-crests. 

D, EB, Serridentinus, with less elongate symphysis, subfamily Serridentine 

D, Serridentinus productus ref., Ms with 4\ ridge-crests. 

E, Serridentinus productus neotype, Ms with 44 ridge-crests. 

FP, Trobelodon, with elongate, flattened symphysis, subfamily Serridentine 

F, Trobelodon taoensis type, Ms with 4 ridge-crests. Tusks greatly enlarged. 

327 
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CONTRASTS BETWEEN THE ‘UPROOT’- OR ‘PROD-TUSKERS’ 

(SCAPTOBELODONTS), THE ‘OBLIQUE-TUSKERS’ (TRI- 

LOPHODON GIGANTEUS); THE ‘“PLAT-TUSKERS’ 

(PLATYBELODONTS), AND THE ‘SHOVEL- 

TUSKERS’ (AMEBELODONTS) 

Uproorers.—The adjoining figure (Fig. 282) and other 

figures referred to in the present chapter illustrate the 

mandibular and incisor adaptations of Trilophodon and Serri- 

dentinus in which the lower incisors are relatively narrow and 

elongate, functioning in the digging up of the soil and in the 

uprooting of plants; in all these animals the mandibles and 

the tusks may be greatly elongated and narrowed but never 

greatly broadened. They may be known as the ‘uproot’- or 

‘prod-tuskers’ (Scaptobelodonts, from the Greek oxayrw, to 

dig, 84Xos, dart, and 65ovs, tooth), in contrast to the ‘shovel- 

tuskers’ in which the tusks are greatly broadened while the 

mandible is relatively shortened and strengthened. 

The ‘uproot’- or ‘prod-tuskers’ are shown to divide into 

a number of specializations: (Fig. 282 A, B) in which the jaw 

remains nearly horizontal, and (D,E) in which the jaw is 

progressively elongated and the incisive tusks abbreviated. 

In the ‘oblique-tuskers’ (C) the jaw is strongly deflected or 

decurved and the lower incisive tusks are greatly extended 

beyond the mandible. 

SHoveLers.—The discovery and description of Amebelo- 

don fricki by Barbour in the year 1927 opened a new epoch in 

our knowledge of the trilophodonts, namely, of a previously 
unknown phylum characterized by a remarkable specializa- 
tion of the lower incisive teeth for shoveling function rather 

than uprooting function observed in the previously known 
trilophodonts. To this new and extraordinary line of speciali- 
zation Barbour appropriately applied the generic name ee 

Amebelodon from the Greek aun, shovel, B2dos, dart, and _ 
d45ovs, tooth. On this most appropriate Greek word Amebelo- ~ 

don he established the new family name Amebelodontide in 
1927, which in 1929, he modified to Amebelodontina, signify- 
ing the ‘shovel-tuskers.’ 

Meanwhile Borissiak, in the very same summer of 1927, 

exploring in the Chokrak beds of the Kuban region, north 
Caucasus, made a parallel and most welcome discovery of a 

distinet type of ‘shovel-tusker’ or ‘flat-tusker’ to which 
(January, 1928) he applied the generic name Platybelodon, 

derived from the Greek aris, flat, 82Xos, dart, and d40vs, tooth. 

The following summer (July 28, 1928) Roy Chapman 
Andrews and Walter Granger discovered in the Upper Miocene 
Tung Gur horizon of the Gobi Desert, Mongolia, a second 

‘flat-tusker,’ subsequently named Platybelodon grangeri 
Osborn, 1931. 

It was at first supposed that the ‘shovel-tuskers’ and the 
‘flat-tuskers’ were closely related, but it was subsequently 
found that Amebelodon had relatively long, narrow shovel 
tusks, whereas Platybelodon had relatively short and ex- 
tremely broad flat-end tusks. For Amebelodon the subfamily 
Amebelodontine Barbour, 1927, 1929, is retained. Platybelo- 
don is transferred to the subfamily Platybelodontine 
Borissiak, 1928 (see Chap. X). 
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S. republicanus 
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T. giganteus 
Amer. Mus. 17359 Type 

S. progressus 
Amer. Mus. 8529 Type 

S. productus 
Amer Mus. 10582 Ref. 

AN I/12 nat size 

(C, G), OBLIQUE-TUSKERS,’ TRILOPHODON GIGANTEUS AND T. LIGONIFERUS; 

(B,A) ‘Uproot-TrusKERS,’ SERRIDENTINUS AND (F,E,D) OcaLrenTINUS 

Fig. 282. Comparison of lower jaws in the American Longirostrine and Serriden- 

tine, hyperlongirostral and medilongirostral, internal views, lingual surface of molars. 

Uniform scale of one-twelfth natural size. Me three crested, i.e., trilophodont 
throughout, except in (I°) Ocalientinus republicanus, which is four crested. 

F, Ocalientinus republicanus paratype, Amer. Mus. 8530; M2 with 4 crests. 

Republican River basin, Kansas. 

G, Trilophodon ligoniferus type, Amer. Mus. 8531; M3 with 4} to 5 crests. 
Black Hills, South Dakota. 

E, Ocalientinus republicanus type, Amer. Muss. 8536; M3 with 4}; crests. Repub- 

lican River basin, Kansas. 

D, Ocalientinus republicanus ref., Amer. Mus. 14438; M3 with 4% crests. 

Springview, Nebraska. 

C, Trilophodon giganteus type, Amer. Mus. 17359; M3 with 44s to 5 crests. East- 

view, near Dallas, South Dakota. Example of an ‘oblique-tusker.’ 

B, Serridentinus progressus type, Amer. Mus. 8529; Mz with 444 crests. Hitchcock 
County, Nebraska. 

A, Serridentinus productus ref., Amer. Mus. 10582; Mg with 4% crests. Claren- 
don beds, Texas. 
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17. SUMMARY OF THE ORIGIN AND PHYLOGENETIC SUCCESSION 
OF THE TRILOPHODONTS 

The American Trilophodonts are now (1935) known to divide into three! adaptations of the incisive teeth: 
(p. 331, A) the ‘uproot’- or ‘prod-tuskers,’ variants of the typical T'rilophodon; (p. 331, B) the ‘oblique-tuskers,’ 
e.g., 1’. dinotherioides, T. ligoniferus, T. giganteus; (p. 331, C) the ‘shovel-tuskers,’ e.g., the typical A mebelodon. 

In the eleven American species of T'rilophodon and Amebelodon, the types of which are herewith described, we 
must first distinguish the growth stages, namely, ‘juvenile,’ ‘young adult,’ ‘fully adult,’ ‘aged,’ and ‘extremely 
aged’ or ‘senescent’ types. 

Juvenile Types Young Adult to Adult Types Aged or Senescent Types 
Trilophodon (Genomastodon) willistoni Trilophodon (Genomastodon) oshorni Trilophodon dinotherioides 

Trilophodon giganteus Trilophodon ligoniferus 
Trilophodon abeli Trilophodon (M egabelodon ) hdl 

Trilophodon pojoaquensis Amebelodon (Trilophodon ) Arckst 

Amebelodon (Trilophodon) paladentatus 

Amebelodon fricki 
Complete milk dentition in function Second and third grinders, M*-Me, [Third grinders, M?-Ms, more or less 

M$-Ms, in function well worn, in function 
Jaws moderately elongated, slightly Mandibular ramus elongated, horizon- Mandibular rostrum extremely elon- 

decurved tal, or slightly decurved gated, horizontal, or decurved 

AGE oR GRowTH CHARACTERS.—(1) The juvenile jaws with milk dentition (e.g., Trilophodon willistoni) are 

relatively short and slightly decurved. (2) The above comparison proves that the loss of M?-M, is an invariable 

age or senescent character, and that in extreme old age (e.g., 7. lulli) the mastication of the food depended 

solely on the much worn M*-M;. (3) The extreme elongation of the jaw is also an age character: the longest jaws 

observed are those of the extremely aged 7’. lulli (Fig. 244) and Amebelodon fricki (Fig. 283); they are not deflected. 

(4) The downward deflection or decurvation of the jaw is not an age or growth character; it is a phyletic character. 

| & } az ~ / 

: g|@ | @. | 2 
ak @ > 13 2 S Merete 

x B a fee a ee Re ¢ |& Beleaia | CoMPARATIVE MEASUREMENTS OF a rr so = Key ie 2 2 § iS 3s . 
Lower JAws oF Stx Species or 5 3 Me - ra 3 a s z 3 heal & ~ = A 
TRILOPHODON AND OF THREE gO zN - = a Se % = oe 3 4 3 = = 

Species Or AMEBELODON Pe et eered | glee! a ‘3 Se & 4 SO|S#EIS § 
Be & | BA) 2) oe shee : < 33/33/38 3 

2 )29) oF is: |e = 32/33/37 | 
a ae, = 5 3 ~s > ae = = | 

BS 1 w w & 1 & =< =< = | 

Total length of mandible and eis (tip of tusk 
to back of condyle) 1292 | 1359 | 1522 1710 ine. 1420 | 1482 | 1970 

{1525} plaster 

Total length of mandible without tusk 1486 | 1220 | 1134 | 1156 | 1346 | 1504 1560 1050 | 910 1475) 
{Total length of symphysis.................... 673 400 | 492] 470} 483 | 724 700 460 | 438 650) 

Total length of inferior tusks................. 508 1144 
Length of tusks in front of eam iene yr 132 | 216 | 249] 242] 160 plaster 380! 485 | 455 
Depth of jaw under Ms.. Le 177 | 166] 153] 190 206 220 150 | 151] 222 

Sixth molar (Ms), length ag his 232 | 197| 172| 185| 196} 222 172 199 | 174] 220) 
Sixth molar (M;), width of...................... 82°)" -B7.| -2Scl- 7h» BOihenae 91 80} 79] 89) 

ue 35| 44] 42] 41] 41| 40 53 40| 45] 39 
Length of molar 

Fifth molar (Mz), length of.................. 123 | 100 140¢ 88 | 
Fifth molar (Mz), width of ......7........... 95 | 80 | / | 86 76 | 

1To these has been added a fourth division, known as the tuskless ‘spoon-bills,’ including T'rilophodon (Megabelodon) lulli (Fig. 243), T. phippsi (Pig. 

269), 7. cruziensis (Fig. 279), T. joraki (Fig. 281 A). 
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‘UPROOT’- OR ‘PROD-TUSKERS’ (B, E); ‘SHOVEL-TUSKERS’ (A, Al, D, D1); TUSKLESS ‘SPOON-BILL’ (C) 

Ges a — ey 

NEB.MUS. 4-4-27 

2 

NEB.MUS. 10-8-14 

12 

NEOTYPE 

AM.19421 

Iie. 283. RESEMBLANCES AND CONTRASTS BETWEEN THE ANCESTRAL OLIGOCENE Puromia (A, Al), THE Mro-PLiocENE ‘UpROoT-TUSKER’ TRILOPHODON 

(B, E), rue Priocens ‘Suovet-rusKER’ AMEBELODON (D, D1), AND THE TuUSKLESS ‘Sroon-BILL’ TRILoPHODON (MEGABELODON) 

tutu (C). Tor yinws, ONE-TWELFTH SCALE; LATERAL VIEWS, ONE TWENTY-FOURTH SCALE. DRAWN IN 1928. 

D, Amebelodon fricki type, Pliocene, Nebraska; in Nebraska Museum; D1, Amebelodon fricki type. ‘Shovel-tusker of Nebraska. 

actual length of mandible and shovel-tusks 1970 mm. See cor- 

rected figure (Pl. v, pp. 235-236). 

C, Trilophodon (Megabelodon) lulli type, Pliocene, Nebraska; in Nebraska 

Museum; actual length of tuskless mandible 1504 mm. Tusk- 
less ‘Spoon-bill.’ 

E, Trilophodon angustidens of Sansan,! after pencil sketch by Charles R. 

Knight (cf. Fig. 200); in Paris Museum, actual length of man- 

dible and tusks 1950e mm. 
8, Trilophodon chinjiensis holotype, Lower Chinji, Mio-Pliocene, India. 

A, Phiomia osborni type, Fluvio-marine beds, Oligocene, Fayim, Egypt. 
‘Shovel-tusker.’ See corrected figure (Pl. v, pp. 235-236). Al, Phiomia osborni type, primitive ‘shovel-tusker’ of Africa. 

‘Trilophodon angustidens jaws in the Paris Museum, partly restored, redrawn after pencil sketch by Charles R. Knight, one twenty-fourth natural size (cf. 
Fig. 200 to one-thirtieth scale, also same skull and jaws in Fig. 199 incorrectly restored): the extremely long, slender ramus agrees closely in character and 
proportions with the American T'rilophodon jaws here figured, namely, B, C, D. 
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TRILOPHODON AND AMEBELODON 331 

Mutations (OsBorn, 1926-—1930).— The ‘uproot’- or ‘prod’- and ‘shovel-tuskers’ appear to divide into three 

series: (A) in which the jaw remains nearly horizontal, (B) in which the jaw is strongly deflected or decurved 

and (C) in which the incisive tusks lengthen and broaden into the ‘shovel-tusk’ adaptation as below. 
,’ 

(A) Jaw slender, nearly horizontal or very slightly decurved; Trilophodon dinotherioides, adult, Ms; with 4}: to 5 crests, 
tusks horizontal or directed upwards (‘prod-tuskers’) : rudiments of double trefoils; ap. 240 mm. 

Trilophodon (Genomastodon) willistoni, juvenile, single Trilophodon ligoniferus, adult, Ms with 4% to 5 crests, 

trefoils only; Ms; with ?4!) crests. f rudiment of double trefoil; ap. 245 mm. 

Trilophodon abeli, young adult, Ms with 4% crests; ap. 185 Trilophodon giganteus, young adult, Ms with 4)» to 5 crests, 
mm., rudiments of double trefoils. one rudiment of double trefoil; ap. 172 mm. 

Trilophodon pojoaquensis, young adult, M’ with 4); crests; (C) Jaw elongated, slightly upcurved; tusks elongated, 
ap. 197 mm. broadened, appressed, alveolar portion concave 

Trilophodon (Genomastodon) osborni, young adult, Ms above (‘shovel-tuskers’) : | 
rt crests; ap. 196 mm.; rudiments of double Amebelodon fricki, aged, M; with 5} crests; ap. 229 mm. 

TRON Amebelodon sinclairi, tusks only known. 

(B) Jaw massive, strongly decurved; tusks appressed, directed Amebelodon (Trilophodon) hicksi, aged adult, M, with 5). 
downwards (‘oblique-tuskers’) : crests; ap. 199 mm.; four rudiments of double trefoils. 

Trilophodon fricki, adult, Ms with 4 ridge-crests; ap. 172 Amebelodon (Trilophodon) paladentatus, aged, Ms with 4 

mm. Very primitive. crests; ap. 174 mm. 

CHARACTERS (OsBoRN, 1926-1930).—The above furnishes a clear key to the characters in which these species 

resemble or differ from each other. The clearly outstanding progressive characters are: (1) The five and a half 

ridge-crests observed in Amebelodon (Trilophodon) hicksi; (2) the addition of rudiments of double trefoils, (a) one 

such rudiment is observed in 7’. giganteus, (b) three such rudiments are observed in 7’. dinotherioides, and (¢) four 

such rudiments are observed in A. (7) hicksi. Consequently the species A. (7'.) hicksi and A. fricki are the most 

progressive members of the American series and are to be compared with the very progressive five and a half 

crested form (Fig. 218) observed in the 7. angustidens gaillardi of Villefranche d’Astarae. (3) By far the most 

progressive stage is the recently discovered A. fricki: (a) in the extreme elongation of the jaw; (b) in the 

prodigious development of the ‘shovel-tusks’; (c) in the corresponding expansion of the symphysis, and (d) 

in the five and a half ridge-crests in the third inferior molars, Ms. 

(A) Slender jaws, rami and relatively short, rodlike tusks (B) ee jaws, rami and inferior tusks appressed and 

nearly horizontal. ‘PRop-ruskKERs.’ ecurved. ‘OBLIQUE-TUSKERS.’ 
: A ee Trilophodon dinotherioides 

Trilophodon fricki Ms, ap. 240 mm.; 435 to 5 crests, rudiments of double 

Finely preserved rodlike tusks. Ms, ap. 172 mm.; 4 ewe ee . 

: rilophodon giganteus 

BRE eres: Ms, ap. 172 mm.; 4\ to 5 crests, rudiment of double 

Trilophodon abeli trefoil. 
Trilophodon ligoniferus 

M;, ap. 185 mm.; 449 crests, double trefoil rudiments. M;, 245 mm.; 4% to 5 crests, rudiment of double 

Trilophodon pojoaquensis trefoil. 

M’, single trefoils, rudiments of double trefoils; ap. (C) Elongated jaws, slightly upeurved; incisive tusks elon- 

197 mm.; 4 crests. gated, broadened, appressed, alveolar portion plano- 

concave above. ‘SHOVEL-TUSKERS.’ 
Trilophodon (Genomastodon) osborni Amebelodon fricki 

M; with 4% crests; ap. 196 mm.; rudiments of double Ms, ap. 229 mm.; 5' crests, single trefoils. 

trefoils. Amebelodon (Trilophodon) hicksi 

; Q Ms, ap. 199 mm.; well-developed double trefoils. 

Trilophodon (Genomastodon) willistoni Amebelodon (Trilophodon) paladentatus 

Single trefoils. Ms, ap. 174 mm.,; 4 crests. 

ASCENDING PHYLOGENETIC ORDER (OSBORN, 1933-1934).—It has required very close examination and com- 

parison of the above types of trilophodonts to determine the progressive phylogenetic order, to which reference is 

made at the opening of this chapter. Meanwhile the approximate phylogenetic order, corresponding with the 

ascending geologic order in Miocene and Pliocene times, will be set forth in the charts of the Appendix at the close 

of the present Volume I. 



AMEBELODONTIN2. ‘SHOVEL-TUSKERS’ 

Fig. 284. Restoration (1932) or THE ‘SHOVEL-TUSKER’ AMEBELODON FRICKI OF NEBRASKA. By MARGRET FLINSCH, UNDER THE 

DIRECTION OF HENRY FAIRFIELD OSBORN 
Amebelodon possibly persisted through the Pliocene. The present figures are restored from an adult mandible in the Nebraska State 

Museum (Neb. Mus. 4-4-27) found near Freedom, Frontier County, Nebraska. Males (lower left and center) one twenty-fourth natural 

size, male (upper left) one-hundredth natural size, female (right) one sixty-fifth natural size. Compare figure 423, where the estimated 
shoulder height in the flesh is given as 3047 mm. or 10 ft. 

PLATYBELODONTINA. ‘FLAT-TUSKERS’ 

Fig. 285. Restoration (1932) or rue ‘FLar-TuskeR’ PLATYBELODON GRANGERI, Matz, FEMALE, AND Younc. By Marcret Firsca, 
UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

iS Male (right) one twenty-fourth natural size. Memale and young (lower left) one thirty-fifth natural size. Male (upper left) one- 
fiftieth natural size. Male (deep center) one ninety-seventh natural size. After remains of fifty individuals collected under the direction 
of Andrews and Granger by the Third Asiatic Expeditions in the Tung Gur horizon of the Tairum Nor Basin, Mongolia (see Figs. 429- 
439). 
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18. DISCOVERY AND DESCRIPTION OF THE ‘SHOVEL-TUSKERS’ (AMEBELODON, 1927) 
SUCCESSORS TO PHIOMIA OSBORNI. SEE PLATES V AND VI 

’ 

The contrasts between the ‘shovel-tuskers,’ of the new subfamily Amebelodontine Barbour, and the ‘flat- 
tuskers,’ of the new subfamily Platybelodontinw Borissiak, simultaneously discovered in the year 1927 in 
Nebraska and Central Asia respectively, are briefly pointed out above (p. 328), also more fully below. 

In the present Section 18 there is set forth in detail the characters of the three! different species of 
Amebelodonts in the chronologic order of their independent discovery by E. H. Barbour of the University of 
Nebraska, and in Chapter X the characters of the two species of Platybelodonts discovered by A. Borissiak of the 
Museum of the Academy of Sciences of the Union of Socialist Soviet Republics, also Professor of Geology in the 
Leningrad Institute of Mines, and by Roy Chapman Andrews and Walter Granger of the Central Asiatie Expedi- 
tions of The American Museum of Natural History. 

It is especially interesting to record the independent but closely parallel conclusions of Barbour and of Boris- 

siak as to the functional adaptations of the two lower incisive tusks for analogous but slightly differentiated feed- 

ing habits and the concomitant nasolabial modifications of the proboscis. To make this clear, lifelike restorations 

by the present author are reproduced in full, in contrast with each other, also with the nasolabial and mandibular 

adaptations of the ‘uproot-tuskers,’ namely, progressive species of Trilophodon of the subfamily Longirostrine and 

of Serridentinus of the subfamily Serridentin, as seen in their respective chapters. 

As to the latter, the fortunate discovery of the new species of ‘uproot-tusker’ Serridentinus gobiensis, in Upper 

Miocene beds of the same geologic age as those which yielded Platybelodon grangeri, proves that under Osborn’s 

principle of ‘local adaptive radiation’ the flat-tuskers and the uproot-tuskers lived and flourished in contiguous 

regions and contiguous habitats, seeking the bulbs or roots of divers species of water and of terrestrial plants. 

Family: BUNOMASTODONTID Osborn, 1921 

SuBrAMILY: AMEBELODONTIN@ Barbour, 1929 

Original reference: Neb. State Mus., Bull. 15, Vol. I, December, 1929, p. 139 (Barbour, 1929.2). 

SUBFAMILY CHARACTERS.—(1) Cranium and rostrum uniformly abbreviated and reduced in size. 
(2) Lower jaws elongated (longirostral), moderately expanded towards the extremities (A mebelodon), 
greatly expanded towards the extremities with hollow superior symphyseal cavities (Platybelodon). 
(3) Superior incisive tusks reduced in size, downcurved, outcurved, with persistent outer enamel band; 
greatly reduced in females. (4) Inferior incisive tusks without enamel band, with internal dentinal 
lamin; greatly elongated, somewhat broadened; closely appressed in the median line (Amebelodon); 
greatly broadened and abbreviated, transversely truncated (Platybelodon). (5) Grinding teeth brachyo- 
dont with single trefoils, intermediate grinders trilophodont; in old age reduced to a single pair above 
and below. Central conules derived from Phiomia. 

The above definition includes the ‘flat-tusker’ Platybelodon, now (1935) known to be distinct from the ‘shovel-tusker’ Amebelodon. 

This subfamily of longirostral (Amebelodon) trilophodont mastodonts differs from the typical Longirostrins 

(represented by species of T’rilophodon in which the incisive tusks are hollow) in the high degree of specialization 

for the shoveling, digging, or dredging functions of the inferior tusks, reinforced by internal dentinal lamin. 

The presence in the inferior tusks of dentinal lamin in Amebelodon precludes its analogy to Platybelodon; 

also because of the differences in molar structure, they are separable into two subfamilies: 

Amebelodon Barbour, with relatively long and slender rostrum; incisors elongate, rounded at extremities, 

hollow, with progressive dentinal laminz (see Pl. v). Subfamily AMeBeLopontTiINna® Barbour, 1929, an offshoot of 

Phiomia stock (ef. Phiomia osborni). 

1Torynobelodon loomisi Barbour, at first considered by Osborn as belonging to the Amebelodontina, is described in the present Section 18, although it should 

appear in Chapter X, under the Platybelodontinw (p. 459 ef seg.), as recent study by the present author proves 7’orynobelodon to be a valid genus. 
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334 OSBORN: THE PROBOSCIDEA 

Platybelodon Borissiak, with short and extremely broadened rostrum; incisors progressively broadening, 

sharpened at extremities, solid with closely compacted rod-cones (see Figs. 296 and 430). Subfamily Platybelo- 

dontinae Bor., 1928, an offshoot of the Serridentinus stock (Chap. X). 

Osborn, 1935: For direct descent of Amebelodon fricki from Phiomia osborni, see Pl. v, pp. 235-236. See 

also Appendix of the present Volume I for remarkable changes of proportion in Phiomia and Amebelodon and 

dominance of the inferior incisive tusks. Amebelodon is now (1935) known to include the following four species: 

Amebelodon fricki Barbour, 1927, Freedom, Frontier County, Nebraska (pp. 335-337). 

Amebelodon sinclairi Barbour, 1930, Freedom, Frontier County, Nebraska (pp. 337, 338). 

Amebelodon (Trilophodon) hickst Cook, 1922, Wray, Yuma County, Colorado (pp. 307-309). 

Amebelodon (Trilophodon) paladentatus Cook, 1922, Wray, Yuma County, Colorado (pp. 309-311). 

The comparative diagram (Fig. 286) demonstrates that the postsymphyseal portions of the jaw and grinding 

teeth undergo little progressive evolution except in size; it is the anterior symphyseal and rostral region of the 

amebelodont shovel-tuskers that undergoes such an extraordinary specialization, while the grinding teeth remain 

substantially the same. G, G1 

/ 
/ A Uy: 

\ 

TYPE 

A.M26200 

Al \) mm —eT pi on er Sey Ee 

ga p 
A PZ kex> @/ PLatYBELoDO 

Fig. 286. ConrraAsts BETWEEN THE ‘'LAT-TUSKER’ 

PiatyBetopon (A, Al, C-C3), THE ‘SHOVEL-TUSKER’ 

AMEBELODON (B, E), AND THE ‘UPROOT-TUSKERS’ 

TRILOPHODON CHINJIENSIS (D) AND SERRIDENTINUS 

acoprensis (G, Gl)—or M1o-PLiocENE AGE. (F) THE 

PROBABLE ANCESTRAL OLIGOCENE PHIOMIA OSBORNI. 

All figures one-twentieth natural size 

A, Al, Platybelodon grangeri Osborn, type (Amer. 

Mus. 26200). Lateral aspect and superior aspect with 

sections of the rostrum and mandible at six points 

indicated. ‘Flat-tusker.’ 
B, Amebelodon fricki Barbour, type (Neb. Mus. 4-4— 

27), superior aspect of lower incisors and jaw. ‘Shovel- 

tusker.’ 
E, Actual section of terminal region of incisive tusk 

of Platybelodon sp. (Colo. Mus. 1319). EB ( 
ear arecnen ierenee TRS abe > i) C-C3, Plutybelodon danovi Borissiak, type (Leningrad 

% == a m Mus.), Chokrak beds, Upper Miocene, north Caucasus. 
All to 49 Natural size f Se mperceyc hi '3468 Left lateral view of skull and jaws, palatal view, and 

SSS superior view of mandible. 
HHS Gesell teks LY D, Trilophodon chinjiensis Pilgrim-Osborn. Holotype 

B (Amer. Mus. 19421), Chinji horizon, Mio-Pliocene, 

at ace = with sections of hollow lower incisors at three points 

te indicated. ‘Prod-tusker.’ 
2 eat F, Phiomia osborni Matsumoto, type (Amer. Mus. 

y ro C3 C/ 13468), Lower Oligocene Fluvio-marine of the Fayim, 

pce FLA S ) Egypt. Ancestral ‘shovel-tusker.’ 

mee Section of right lower second incisor of Phiomia 
= ATs osborni ref. (Amer. Mus. 2584t), from the Oligocene of 

the Faydm, Egypt. 
G, G1, Serridentinus gobiensis Osborn and Granger, 

type (Amer. Mus. 26461), Upper Miocene, Platybelodon 

grangert life zone, eastern Mongolia. 

Se ere <a 

=3 g PLATYBELODON DANOVI Bors 



THE AMEBELODONTINA: AMEBELODON nw aw 

Genus: AMEBELODON Barbour, 1927 

Original reference: Neb. State Mus., Bull. 13, Vol. I, June, 1927, pp. 131-134 (Barbour, 1927.1). 

Genotypic species: Amebelodon fricki Barbour, 1927. 

GENERIC CHARACTERS.—(Barbour, 1927) Mandible expanded, trough-like; broad, flat tusks 
adapted to shoveling soft sand or perhaps mud; mandible narrowest and weakest at point of greatest 
stress, near the rami; molars large, doubly trefoiled, inferior molars with five grinding ridges. Tusks 
extremely elongate (1144 mm.) with concentric dentinal lamine. Molars with central conules. 

Amebelodon fricki Barbour, 1927 

Figures 283, 284, 286, 293, 295, 296 

From near Freedom, Frontier County, Nebraska. Middle Pliocene. 

Amebelodon fricki Barbour, 1927. ‘‘Preliminary Notice of a 

New Proboscidean Amebelodon fricki, gen. et sp. nov.’’ Neb. 

State Mus., Bull. 13, Vol. I, June, 1927, pp. 131-134. TYPE.— 

A fully adult mandible with inferior tusks and five ridge-crested 
right and left third inferior molars, one rib, and one digital bone. 

Neb. Mus. 4-4-27, Morrill Coll. Procured April 4, 1927. Hort- 

ZON AND Locauiry.—A. 8. Keith’s farm, near Freedom, Frontier 
County, Nebraska. Formation regarded as of “‘late Pliocene or pos- 
sibly early Pleistocene age” (op. cit., p. 133). Columbian mammoth 

{Parelephas] of common occurrence (five individuals); Teleoceras 
TypPr Figure.— and progressive equine molar teeth collected. 

Op. cit., figs. 89, 90, 91. 

grinding ridges distinctly trefoiled; from external cingulum rise 

many short, blunt cones. The excessive development of the 

mandible supports the conception that the upper tusks may have 

been dwarfed or possibly aborted. 

SECOND AND THIRD DESCRIPTIONS BY BARBOUR 

“The Mandibular Tusks of Amebelodon fricki,”’ Neb. State 

Mus., Bull. 14, Vol. I, Dec. 20, 1929, pp. 135-138, fig. 92 

(Barbour, 1929.1), also ‘‘The Mandible of Amebelodon fricki,”’ 

Neb. State Mus., Bull. 15, Vol. I, December, 1929, pp. 139-146, 

figs. 93-97 (Barbour, 1929.2). 

Barbour (1929.1, pp. 135, 136) after complete examination and 

reconstruction of the mandibular tusks: “The tusks, which are im- 

moderately developed, are 5's inches (140 mm.) wide and 45 inches 
(1144 mm.) long, and at the bases the inner and outer borders are so 

Fig. 287. Original type figure of “A mebelodon fricki, X\Ms."" After “freehand sketch with the specimen still in plaster cinches. . . . 

It may be three or four inches too long.” 

Typr Descrietion.—(Cf. Barbour, 1927, pp. 131-134): .. . 

“the new longirostral mastodon under discussion was a shovel- 
tusker. We are naming it Amebelodon fricki, in recognition of 

Professor Childs Frick. A family, the Amebelodontide, should 
be established. The group of broad-tusked proboscideans, dating 

from Phiomia osborni, may be conveniently designated the 
shovel-tuskers or the amebelodonts.”” Mandible expanded, 

trough-like; broad, flat tusks adapted to shoveling soft sand or 
perhaps mud; the broadened tusks and flared mandible may have 

functioned in some way as a shovel, as the tusks seem to have 
formed a great shovel and the mandible a great trough; mandible 

narrowest and weakest at point of greatest stress, near the rami, 
where it is still further weakened by the expansion at the roots of 

the tusks and by the three vascular foramina (see Fig. 89, section 

5 [=Fig. 287 of present Memoir]). The type is essentially per- 

fect. Tusks with the whiteness and density, as well as the decus- 

sating lines of ivory. Molars large, 93 in., each with five broad 

Sections 1 to 5 show the full length of the tusks. After Barbour, 1927, fig. 89. 

folded together as to make in either tusk a deep narrow groove, 

occupied by a thin pendant plate of bone 12 inches long, 3 inches 

deep, and % inch thick. The tusks are solid for 31 inches back of 

the tips, the total pulp cavity being 14 inches (356 mm.) long. The 

alveoli in this mandible are nearly as large as one’s head, and casts 

of them resemble, in size and shape, adult human cerebral hemi- 

spheres.” 

‘With the material at hand, it is already apparent that there 

are two very distinct types of amebelodonts, namely a kind 

[Amebelodon] with long, straight tusks and jaws, and another 

[Torynobelodon] with short, curved tusks and curved jaws. The 

latter are nature’s first dredges, and we are naming them the 

‘dredge-tuskers.’ The name applies to the dredge-like shape, and 

seems descriptive even though it may subsequently develop that 

the shovel-tuskers did not shovel, and that the dredge-tuskers did 

not dredge.” 

“There was a notable flattening of the mandibular tusks of 
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Phiomia osborni which is to be counted the precursor of the longi- 

rostral mastodons while Mceritherium is the supposed progenitor 

of the other proboscideans. On the one hand Phiomia gave rise to a 

great race of long-jawed’ mastodonts, which flourished and then 

declined, including Serridentinus, Dibelodon, the Trilophodonts, 

the Tetralophodonts, the Amebelodonts and Dredge-tuskers.” 

Barbour (1929.2) with revised measurements and new conjectural 

restoration of the head of Amebelodon fricki. After a very full discus- 

sion of the probable origin, evolution, descent from Phiomia osborni, 

and shovel-tusk adaptations of the Amebelodonts (op. cit., 1929.2, 

pp. 139-144), the subfamily term AMEBELODONTIN# replaces the 

family term Amebelodontide. 

“The mandibular tusks of Amebelodon are huge in compari- 

Fig. 288. Type right lower molar, r.M3, crown view, of Amebelodon fricki, 

“showing five grinding ridges, with trefoiled patterns. Length 9 inches (229 
mm.); width 3! inches (89 mm.). Very low-crowned.” Compare Barbour, 
1929.2, fig. 95. 

Fig. 289. Third lower molar, 1.M; of Amebelodon fricki, one-third natural 

size. Greatest length 230 mm. (9 in.), width 93 mm. (3% in.). The cement 
is indicated by stippling. After Barbour, 1927, fig. 90. 

Fig. 290. Second type figure of the mandible of Amebelodon fricki. “In 
life the tusks met on the median line,” as shown in the original type figure 
287. In the type they “are thrown apart apparently by a sun crack in the 
bone.” (a) Superior aspect. (b) “Same from below, showing a large sun 
crack.” After Barbour, 1929.2, fig. 94. 

OSBORN: THI PROBOSCIDEA 

son with those of other tetrabelodons, the length being 45 inches 
(1144 mm.), and the width 5! inches (140 mm.). The pulp cavi- 

ties of the tusks seem to have been unduly short, but 14 inches 
(356 mm.), tapering abruptly. At the base of each, the inner and 

the outer borders are so folded together as to make a deep groove, 

which is occupied by a pendant strip of bone about a foot long, 

three inches deep, and a half inch thick. Amebelodont tusks are 

so immoderately developed that they are very unlike those of other 

four-tuskers, of which average mandibular tusks are about one 

! 
1 
1 
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Fig. 291. Brush drawing of type mandibular tusks of Amebelodon fricki 

with surrounding bone indicated by stippling. “Width of each alveolus 5% 

inches (140 mm.); height 64s inches (165 mm.). The dotted lines at the base of 

the right tusk indicate the size and shape of the pulp cavity. Length of 
mandibular tusk 45 inches (1144 mm.); width 5% inches (140 mm.). A— 

Section at the tip, width 444 inches (114 mm.); thickness 1% inches (44 mm.). 
B—Section, width 5!5 inches (140 mm.); thickness 2 inches (51 mm.). C— 

Section, width 1044 inches (267 mm.); depth 6 inches (152 mm.). D—Section, 

width 8 inches (204 mm.); depth 7% inches (184 mm.). E—Section, width 

7°4 inches (198 mm.); depth 8% inches (223 mm.). Length of the pulp cavity 
14 inches (356 mm.). Type specimen No. 44-27; collections of Hon. Charles 

H. Morrill in the Nebraska State Museum, the University of Nebraska, 

Lincoln.” After Barbour, 1929.1, fig. 92. Osborn, 1935: Compare PI. v, 

pp. 235-236, for dentinal lamine. 

inch to an inch and three-fourths wide, and fifteen to eighteen 

inches long. . . . From the material already at hand it is plain 

that there are two very distinct types of amebelodonts, namely 

one group with straight, long tusks and straight jaws, another 
group with relatively short, curved tusks and curved jaws, which 

group we have already designated the dredge-tuskers, to be 

described in forthcoming papers. It seems a safe prediction that 

the next few years cannot fail to reveal a rich, interesting, and 

varied amebelodont fauna.” 
CorrEcTED MEASUREMENTS TO 1929 

Total length of mandible and tusks 1970 mm. (approx. 2 m., 

6 ft. 5% in.) 
Total length of mandible without tusks 1475 4 ft. 10 

Breadth across mandibular condyles 508 20 

Breadth across coronoids 457 18 

Transverse diameter of condyle 140 5K 

Greatest thickness of mandibularramus 147 5% 

Depth of mandible at tip 165 6% 

Depth in front of molar 3 222 8% 
Depth from coronoid to angle 356 14 

Third molar: 

Length 229 9 

Breadth 89 3% 

Height 25-32 1-1% 
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Fig. 292. 

ReEvIseD RESTORATION OF AMEBELODON FRICKI 
“A charcoal sketch showing a conjectural restoration of the head of 

Amebelodon fricki. Total length of the mandible, 6 feet, 5} inches. Total length 
from the base of the skull to the tips of the mandibular tusks estimated to have been 

Fig. 293. 

between 7 and 8 feet.” After Barbour, 1929.2, fig. 96. 

Amebelodon sinclairi Barbour, 1930 

Vigure 294 

Freedom, Frontier County, Nebraska. Middle Pliocene. 

Two and a half years after his description of Amebelodon fricki, 
Barbour described a second species of this interesting genus, nam- 

ing it Amebelodon sinclairi ‘in recognition of Dr. Wm. J. Sinclair, 
who has made extensive explorations in the Tertiary of Nebraska.” 
In comparison with A. fricki the species is distinguished in the type 

mandibular tusk as much shorter, relatively more robust, the inner 

border thicker, and the median borders not contiguous. The 

original type description rests solely upon the inferior incisive tusk. 

Amebelodon sinclairi Barbour, 1930. ‘‘Amebelodon sinelairi 

sp. nov.,”’ Neb. State Mus., Bull. 17, Vol. I, January, 1930, pp. 

155-158, text fig. 101. Typr.— Mandibular tusk of the right 

side (Neb. Mus. 1-17-—7-—28). Horizon AND LocaLiry.— 

(Op. cit., Barbour, 1930, p. 155) : ‘The specimen under considera- 
tion is a mandibular tusk found on the farm of Mr. A. 8. Keith, 

Freedom, Frontier County, Nebraska, on the Morrill Geological 

Expedition of 1928, and is numbered 1-17—7-28, 8. & L., . . . the 
University of Nebraska.” Tyre Ficure.—Op. cit., Barbour, 

1930, fig. 101. 
Typre Description.—(Op. cit., Barbour, 1930, pp. 155-158): 

“The tusk under consideration is relatively broad and flat and 
was about twenty-eight inches [712 mm.] in length. Though 
plainly a related form, it is not flattened at the tip, or distal end, 

like the tusk of Amebelodon fricki.’’ 
“The inner and outer borders are about parallel, with a valley 

between on the upper side. The tip of the tusk is worn, possibly 
by digging and shovelling in the same manner as the tusk of 

Amebelodon fricki, providing they used these tusks for that 

purpose,”’ 
“The mandibular tusk of Amebelodon sinclairi is much shorter 

“A pencil sketch showing a conjectural restoration of Amebelodon fricki 
in its supposed habitat feeding upon aquatic plants. In their life habits they may have 
been like other longirostral mastodonts, the jaw and tusks being simply extreme de- 
velopments.” After Barbour, 1929.2, fig. 97. Compare Osborn-Flinsch, Fig. 284, p. 332. 

and relatively more robust, the inner border is the thicker as in A. 

fricki. The tusk of A. fricki is essentially straight, or with a long 

radius of curvature, while in A. sinclairi the curvature is notice- 

able, the radius being about 5 feet (1525 mm.). . . . The tips of 

the tusks in A. fricki, for about a foot in length, are plainly worn as 

may be seen in Fig. 89, Bulletin 13. The tusks of A. sinclairi show 

considerable wear in the same place. The tusks of A. fricki, where 

they meet on the middle line, are ground and rubbed flat. Not so 
those of A. sinclairi, which apparently did not touch.” 

Tyre OF AMEBELODON SINCLAIRI 

Fig. 294. “The major portion, *, of the right mandibular tusk of Amebelo- 
don sinclairi, with the same reversed to complete the pair. The left tusk is 

sectioned, and is in parallel position with, and for comparison with the tusk of 
Amebelodon fricki. Specimen No. 1-17-7-28, 8. & L., Freedom, Frontier 
County, Nebraska. Section a. Width of tusk at tip 25 inches (67 mm.); great- 
est thickness at inner border 14 inches (38 mm.). Section b. Width of tusk 

3 inches (89 mm.); greatest thickness 2 inches (51 mm.). Section c. Width 

of tusk 344 inches (89 mm.); greatest thickness 2 inches (51 mm.). Palaeonto- 

logical Collection of Hon. Charles H. Morrill, the Nebraska State Museum.” 

After Barbour, 1930, fig. 101. One-seventh natural size. 
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MEASUREMENTS 

Amebelodon fricki: 

Length of tusk, 45 inches (1144 mm.); width, 5% inches (140 

mm.); greatest thickness, 2%; inches (69 mm.). 

Amebelodon sinclairi: 

Length of tusk calculated, 28 inches (712 mm.); width, 3% 

inches (89 mm.); greatest thickness, 2 inches (51 mm.). 

“The pulp cavity was 10 inches (254 mm.) long, and ends 18 

inches from the tip, while in Amebelodon fricki, it is short and ends 

31 inches from the tip. Its radius of curvature is about 60 inches. 

Amebelodon sinelairi, like Amebelodon fricki, belongs to the shovel- 

tuskers, while Torynobelodon loomisi, with its broad, sharply 

curved tusks, belongs to the dredge-tuskers.”’ 

OSBORN: PROBOSCIDEA MEMOIR 

Fig. 295. “Imaginative sketch of Amebelodon showing the great protrud- 
ing shovel-like mandible, which may have been used to drag out aquatic plants 

or to dig in sand and soft soil.” After Barbour, 1927, fig. 91. Published 

June 15, 1927. 

Supramity: PLATYBELODONTIN€@ Borissiak, 1928 

Genus: TORYNOBELODON Barbour, 1929 

Genotypic species: Torynobelodon loomisi Barbour, 1929. 
See Paraplatybelodon Frick, 1933, p. 592. 

The genus Torynobelodon Barbour, a ‘dredge-tusker’ with dentinal rod-cones, is now (1935) recognized as an 

American relative of the genus Platybelodon Borissiak of Central Mongolia, fully described on page 459 et seq. 

Torynobelodon loomisi’ Barbour, 1929 
Figures 296-298 

From Sand Canyon, just east of Indian Hill, two and one-half miles 

southwest of Republican City, Harlan County, Nebraska. Middle Pliocene. 

Torynobelodon loomisi Barbour, 1929. ‘‘Torynobelodon 

loomisi, gen. et sp. nov.,”’ Neb. State Mus., Bull. 16, Vol. I, Decem- 

ber, 1929, pp. 147-153 (Barbour, 1929.3). 

Discovery.—(Barbour, op. cit., p. 147): “In the field season 
of 1928, two additional species were found which are represented by 

mandibular tusks. One of these is a tip of a large and unique tusk, 
numbered 2-3-9-28, 8S. and L., the collectors being Bertrand 

Schultz and John LeMar, both of the class of 1931, the University of 

Nebraska.” 
Horizon anv Locauity.— ‘This unusual specimen was found 

in Sand Canyon, just east of Indian Hill, two and one-half miles 

southwest of Republican City, Harlan County, Nebraska,” Middle 

Pliocene. 
Typr AND Typr Figurse.—Tip of left mandibular tusk. Neb. 

Mus. 2-3-9-28. The Paleontological Collection of Hon. Charles 

H. Morrill. Barbour, op. cit., 1929.3, figs. 98, 99, 100. 

Tyrer Description.—(Barbour, op. cit., pp. 147-150): ‘In- 

fluenced by the coarse ladle-shaped mandible, we have named this 

new form Torynobelodon loomisi, in recognition of Dr. Fred A. 

Loomis, who has spent many field seasons in exploring the Tertiary 

series of Nebraska. . . . The mandibular tusk of A. loomisi is 

roughly, like that of a giant rodent, broad, flat, chisel-like, and 

curved, with a radius of two feet. It is concaved above and below 

throughout its length, hence it has thickened inner and outer bor- 

ders. The inner border is the thicker of the two. The tip of the 

tusk is worn to a sharp, thin, chisel-like edge. It is assumed that 

the wear came about by the actual shovelling, or rather scooping, 

of muds, sands, and soft earths in the animal’s quest for food. If 

so, herein is realized nature’s original dredge, and this group is best 

‘See Torynobelodon barnumbrowni (p. 470) 

designated by the term, dredge-tuskers. In the name [Torynobelo- 

don] is implied the character, shape, and possible use of the 

mandible and strange tusks. The mandible and up-curved tusks 

could have functioned quite like a dredge. They are to be compared 

with those of the shovel-tuskers which may have functioned much 

more like a blunt spade or shovel. The former could plainly 

dredge or scoop up more material than the latter, and the presump- 

tion is that the two kinds of elephants, though fairly similar, had 

somewhat different life habits. From the material already at 

hand, it is plain that there are two very distinct groups of amebelo- 

donts, namely the shovel-tuskers with straight tusks, such as 

Amebelodon fricki and others to be described in Bulletin 17, and the 

dredge-tuskers, with curved tusks, such as A. loomisi. The differ- 

ences between the dredge-tuskers and the shovel-tuskers seem more 

than specific and must be interpreted as generic. Such differences 

can scarcely be ascribed to variations due to age and sex. . . . The 

spoon shape may have aided the creature, as well, in collecting seed 
heads from grasses and wild cereals. The broad, short, curved 

tusks gave a spoon-shape or dredge-shape to the mandible, suggest- 

ing its possible use as an actual dredge. This strangely shaped 

mandible must rank with the remarkable and unaccountable 

structures.” 

DentInaAL Rop-conrs.— ‘The worn surface of the tusk as seen 

in the accompanying cuts, is covered with ellipses, or the outlines 

of cones cut in oblique sections, and the cones themselves are to be 

seen at the fractured portions. With the exception of a periphery of 

decussated ivory, the entire tusk consists of long, slim cones, some 

of them branching and many intimately intergrown with the con- 

centric ivory plates, as is partly shown in the accompanying illus- 

trations. Some of the cones are 12 inches in length and about \ 

to an occasional 4 inch in diameter at the larger end, as may be 

seen in Figure 98, ¢, d, and e, and are similar to the cones seen in 

many mammoth teeth. The surfaces of the cones show wavy 
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corrugations, such as are common to the cones of proboscidean 

teeth, and they seem to be structural rather than induced, or 
secondary, and are at present problematical. They are so like the 

bundle of unworn cones commonly seen at the heel of molar teeth 

that the writer at first sight wondered, too impulsively, if by any 

chance this tusk could be a modified incisiform molar.’’ 

Barbour (op. cit., pp. 149, 151, and 152) accompanies his excel- 

lent type description by a type figure (Fig. 98—our Fig. 296), and 

by a conjectural restoration of the mandible (Fig. 99—Fig. 297 of 

the present Memoir) “‘based upon the dimensions and curvature of 

the mandibular tusks. The flared and ladle-shaped mandible ranks 

with the rare and unaccountable structures”; also by a “pencil 
sketch of a purely conjectural restoration of Torynobelodon loomisi, 

the dredge-tusked mastodon as he may have appeared in his sup- 

posed marshy habitat, dredging for various aquatic plants for food. 

This may be indulging a fancy, for the flared and spoon-shaped 

mandible may have been simply a case of excessive development 

Type or TORYNOBELODON LOOMISI 

Fig. 296. “a. Tip of the left mandibular tusk of Torynobelodon loomisi, 

seen from below, showing structure and wear. b. Same, seen from above, 

showing extensive wear at the tip which is reduced to a wedge and which 
shows many ellipses. . . . Width of tusk 4% inches (114mm.). ¢. Same, 
sectioned with structure and measurements. (Note ellipses at the tip and 
compare with b.) d. Detail. A longitudinal section showing outer zone of 
decussated ivory and inner core of cones. e. Cross section showing decussated 

ivory and core of cones. Specimen No. 2-3-9-28, S. & L. The Palaeontological 

Collection of Hon. Charles H. Morrill.” After Barbour, 1929.3, fig. 98. 
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and not a scoop” (Fig. 100—the author’s drawing initialed 
“E.H.B.—4-29”—Fig. 298 of the present Memoir). This is accom- 
panied by his speculation (p. 148) as to the feeding habits of the 
animal on ‘‘coarse reeds, cat-tails, pond lilies, and the like, cutting 
them off by pressing the trunk against the sharp cutting edges of 
the tusks and lifting upward, much as cattle graze by pressing their 
thickened and calloused upper lips against their sharp lower 
incisors, and by swinging the head, shear off tufts of grass.” 

Osborn, 1931: The incomplete left mandibular tusk (Fig. 296) 
constituting the type of T’orynobelodon loomisi, 4% in. (114 mm.) in 
breadth, as compared with approximately the same measurement, 
4}, in. (108 mm.) in Platybelodon danovi, or 6% in. (166 mm.) in 
P. grangeri, left us in some doubt as to whether the type of T. 
loomisi were more closely related to Amebelodon or to Platybelodon. 

Fig. 297. “A pencil sketch showing a purely conjectural restoration of 

the mandible of Torynobelodon loomisi based upon the dimensions and 

curvature of the mandibular tusks. The flared and ladle-shaped mandible 

ranks with the rare and unaccountable structures.” After Barbour, 1929.3, 

fig. 99. 

Fig. 298. “A pencil sketch of a purely conjectural restoration of 

Torynobelodon loomisi, the dredge-tusked mastodon as he may have ap- 

peared in his supposed marshy habitat, dredging for various aquatic plants 

for food. This may be indulging a fancy, for the flared and spoon-shaped 

mandible may have been simply a case of excessive development and not 4 

scoop.” After Barbour, 1929.3, fig. 100. 



APPENDIX TO CHAPTER VIII 

CAST OF CUVIER’S ORIGINAL TYPE OF MASTODON ANGUSTIDENS 

CoMPARE CUVIER’S DETAILED TYPE DESCRIPTION OF THIS INFERIOR MOLAR ON PAGE 252 OF THE PRESENT CHAPTER 

An indescribably welcome acquisition, after this chapter was in page proof, was one of two casts of the 

original type of Mastodon angustidens sent by Cuvier himself to Dr. Gideon Mantell, donated to the American 

Museum (Amer. Mus. 21921) by the British Museum through Dr. Arthur T. Hopwood, as described in the 

Type Cast -Mastoaon anqustidens Cuv.-Am.Mus.21921 

Brit.Mus. 7425 

= 
—————— 
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OnE or Cuvinr’s Two Casts. NavuRAL SIZE 
Fig. 299. New figure of the type of Mastodon angustidens Cuvier, after type cast 

in the Mantell Collection (Brit. Mus. 7425, Amer. Mus. 21921), bearing the inscription 
“Mastodon angustidens, Simorre, Languedoc.” A second right inferior molar, r.Ms, 
crown and internal aspects. Natural size. The measurements (indicated by arrows), 
namely, ap. 116 mm., tr. 60 mm., agree with Cuvier’s original description. 
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following excerpt from his letter of April 2, 

1927: 

Under a separate cover there is being sent to you 

a cast of the type specimen of Mastodon angustidens 

Cuvier. Apart from any scientific value of the 

specimen I think that you will agree that it is also 

of historical interest. The cast is one of two sent 

to Gideon Mantell by Cuvier himself and came 

here many years ago when the Museum acquired 

the Mantell Collection. This was either in 1839 

or 1852—the collection came in two instalments. 

Since the original is either lost or mislaid these 

casts are of additional value. 

This cast is one of the two found in the 

Mantell Collection and bears the inscription 

(possibly in Cuvier’s handwriting): ‘“Masto- 

don angustidens, Simorre, Languedoc”; it 

constitutes a paleontologic document of such 

importance, that we reproduce it in a life-size 

figure, showing the exact size and proportions 

as compared with Cuvier’s original figure 

(Figs. 78 and 190 of this Memoir) drawn in 

perspective and giving an inaccurate idea of 

the proportions. The present new type figure 

of this classic species (Fig. 299) corresponds 

exactly with Cuvier’s measurements, namely, 

ap. 116 mm., tr. 60 mm. across the second 

ridge-crest, breadth-length index 52. 

The observer will note the conules directly 

in the middle of the valleys so distinctive of 

Trilophodon, M,-s, showing the manner in which 

the worn conule forms the central trefoil 

distinctive of the lower grinders of this classic 

species. 
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Horwoop (Lerrer, JUNE 13, 1927).—‘“‘There are three specimens still preserved in the [Musée d’ Histoire 

Naturelle] Jardin des Plantes which are definitely part of the series studied and figured by Cuvier. 

A right second lower molar (Cuvier, op. cit., pl. 1, fig. 4) A right lower M3 (Cuvier, op. cit., pl. iii, fig. 3) 
Registered Number A. C. 1842. Registered Number A. C. 1921. 
LEIA R50) gh id onthe ORCL eS a er 115 mm: [116]\" Gensth- i 2.2c20- es sxe ae ea eee ec ee 94+mm 
FAPGA CU Dee Ee ctets cea ttie Sciatic cece eves OF [60]; "Breadth: 3... + .<055 2 dca eee nee oe ee Oe 

[LECTOTYPE of Osborn in present Memoir (Figs. 78, 190, 299)] {Marked “TYPE” in the Mus. d’Hist. Nat.] 

A right upper PM4 (Cuvier, 1812, Oss. Foss., II, pl. 1, fig. 2) 
Registered Number A. C. 1817. 

Hopwood agrees that the second lower molar (Fig. 299) should be taken as the type (i.e., lectotype), because 

of its “page priority.”’ Boule does not distinguish this right second lower molar (A. C. 1842) as the type, and the 

two other specimens are labeled TYPE, namely, r.Pm*‘ (A. C. 1817) and r.M; (A. C. 1921). 
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indices: 73-36. to the 7’. macrognathus Mio-Pliocene stage of Chinji, India. Compare figure 222, and Osborn, 1933.911, 

fig. 1; also compare 7’. cooperi with the somewhat more progressive 7’. pontileviensis (Fig. 230). 
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Fig. 301. TrTRALOPHODON PUNJABIENSIS OF INDIA (LEFT) AND T. CAMPESTER OF Kansas (Ricut). REsToratrion (1932) By 

Marcret FLINSCH, UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

One-fiftieth natural size 

Tetralophodon punjabiensis Lydekker, 1886. The skull on which this restoration was based (Amer. Mus. 19686) was collected by 

Barnum Brown in 1921-1922, three miles west of Dhok Pathan, India. The right tusk is wanting; the tip of the left tusk shows a lateral 

enamel band. Estimated shoulder height in the flesh 2475 mm. or 8 ft. 19g in. Middle Pliocene. 

Tetralophodon campester Cope, 1878. Based on portions of the type skull and lower jaw (Amer. Mus. Cope Coll. 8527), from Sappa 

Creek, Rawlins County, Kansas, Republican River horizon. Estimated shoulder height in the flesh same as that of 7. punjabiensis, 

namely, 2475 mm. or 8 ft. 1gin. Lower Pliocene. 

TETRALOPHODON GRANDINCISIVUS 2700MM,8/1014"e 
PERSIA + HUNGARY 

TETRALOPHODON PUNJABIENSIS  2475MM.8/1%" e 
INDIA 

UL 
TETRALOPHODON LONGIROSTRIS  2050mm.,6’8%”e TETRALOPHODON CAMPESTER 2475mmM.,8 1%" e 

EPPELSHEIM KANSAS 

Fig. 302. TrrraLopHoponts or Eurasta AND NortH AMERICA 

Uniform scale reconstruction outlines (1932), one-hundredth natural size 

Tetralophodon punjabiensis, reconstructed as described Tetralophodon grandincisivus, reconstructed from 

above in figure 301. Schlesinger’s figures of type and referred specimens (Figs. 
~ 317-321). 
Tetralophodon longirostris, reconstructed from Kaup’s Tetralophodon campester, reconstructed from Cope’s 

figures of type and referred specimens (Figs. 312-315). type (Figs. 330, 331). 
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CHAPTER IX 

HISTORY OF THE SUBFAMILY TETRALOPHODONTINA:. ORIGIN AND GEO.- 

GRAPHIC DISTRIBUTION OF THE MEDIUM-JAWED MASTODONTS 

OF THE PHYLUM TETRALOPHODON 

DISTINCTIONS BETWEEN THE WELL-KNOWN GENUS TRILOPHODON, THE DOUBTFUL SUBGENUS LYDEKKERIA 

(MIOCENE STAGE OF THE GENUS TETRALOPHODON), THE TRUE BRACHYODONT TETRALOPHODON PHYLUM TERMINAT- 

ING IN THE FINAL HYPSODONT SUBGENERIC STAGE MORRILLIA. PHYLETIC HISTORY AND MIGRATIONS OF THE 

MEDIUM-JAWED LYDEKKERIA, TETRALOPHODON, AND MORRILLIA. 

1. Distinctions between the Trilophodon phylum and the Pliocene of India and in the Miocene or Pliocene of 

Tetralophodon phylum, including the typical genus China. 
Tetralophodon and the very progressive subgenus 5. Characters of the typical genus Tetralophodon of Falconer, 
Morrillia. including species migrating from Eurasia to the west 

The subgenus Lydekkeria (Miocene stage of Tetralopho- central United States. 
don) becomes doubtful (1932). 6. Eurasiatic species of Tetralophodon, chiefly Lower 

Pliocene, namely, 7. longirostris, T. grandincisivus, 
2. Distinctions between the deciduous dentition of Tetra- and 7’. punjabiensis. 

lophodon and Trilophodon. Compare pages 261-266. 7. Tetralophodon from Java. 

Tetralophodon and Synconolophus contrasted. 8. American species of Tetralophodon, of Lower to Middle 

3. Phylum Tetralophodon Falconer, including the doubtful Pliocene age, namely, T. campester and T. elegans. 
Lydekkeria, the more progressive and typical Tetra- 9. Tetralophodon fricki sp. nov., from the Pliocene of 

3 aE — Texas. 
7 ot: \ . : : 

He eae ee ae sites ccubapare 10. Final hypsodont subgeneric stage of Tetralophodon, name- 

Se ee ae ee pMOn, BC Paymeeny- ly, T. (Morrillia) barbouri, II Glacial, Middle 

4. Probable origin of Tetralophodon. Characters of the Pleistocene. 

primitive subgenus Lydekkeria, as known in the 11. Summary of evolution and migration. _ 

(November, 1932) After this chapter went into first page proof (July, 1922) it was found that the genotype of Lydekkeria, 

namely, Mastodon falconeri Lyd., was of Middle Pliocene, Dhok Pathan age, instead of Miocene age as recorded by Lydekker, 

1877, and Pilgrim, 1922-1927, and a contemporary of M. punjabiensis Lyd., 1886. Thus, unfortunately, the generic definition and 

description of Lydekkeria (pp. 353-355) are partly invalidated too late for alteration throughout. 

1. DISTINCTIONS BETWEEN THE TRILOPHODON PHYLUM AND THE TETRALOPHODON 

PHYLUM, INCLUDING THE TYPICAL GENUS TETRALOPHODON AND THE 

VERY PROGRESSIVE SUBGENUS MORRILLIA 

The present chapter opens with the distinctions which, from our limited knowledge, appear to exist between 

the well-known genus Trilophodon and the Tetralophodon, Lydekkeria, and Morrillia phylum. The subgenus 

Lydekkeria Osborn, 1924, based on the genotype (Fig. 309) ‘Mastodon falconeri’ Lydekker, 1877, of supposed 

Middle Miocene age, now proves to be of Middle Pliocene age, hence contemporaneous with the Tetralophodon 

punjabiensis Lydekker, 1886. This leaves the Miocene ancestry of Tetralophodon uncertain (see Hopwood, 

letter, Feb. 10, 1932, p. 353, below). In Trilophodon M 2 is trilophoid; in Tetralophodon M 2 is tetralophoid (see 

Fig. 303); other phyletic and progressive generic distinctions are as in the table below. 

SEPARATION OF TETRALOPHODON BY FALCONER, 1868.—The beautiful figure (Fig. 303) given by Falconer in 

his ‘Paleontological Memoirs’’ of 1868, and reproduced in facsimile here, demonstrates that Falconer himself 

had a clear conception of the profound differences between Trilophodon and Tetralophodon, although he clung to 
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tooth is from Sansan (?), Gers; the former is tetralophodont, the latter trilophodont; both teeth are brachyo- 

dont. We observe that Tetralophodon longirostris is slightly more brachyodont than the American species Tetra- 

lophodon campester of the same Lower Pliocene age; 7’. (Morrillia) barbouri is decidedly hypsodont (Figs. 308, 329). 

PuHyYLoGENY.—It has erroneously been assumed by some authors that animals of the Trilophodon angustidens 

type gave rise to animals of the Tetralophodon type by abbreviation of the jaw and by the addition of a fourth 

crest on the intermediate molars, especially P*-P, M'’-M, M?-M,. This assumption is disproven by three facts: 

(1) That the true Trilophodon persisted after the true Tetralophodon had appeared; (2) that Tetralophodon 

is a Medilongirostrine, whereas Trilophodon is a Hyperlongirostrine; (3) that a true ancestral species of Tetra- 

lophodon (Lydekkeria), e.g., Mastodon {= Tetralophodon (Lydekkeria)| falconert Lydekker, is recorded in the Middle 

Pliocene, Dhok Pathan beds, of India. The outstanding distinctions between Tetralophodon and Trilophodon 

are therefore the following: 

1. Genus Trilophodon Falconer. Miocene and Pliocene. 

Genotype: Mastodon angustidens Cuvier. 
Fourth premolars and first and second superior and inferior 

molars trilophodont. Dp‘-Dp, also trilophodont. 

Third inferior molars persistently tetralophodont to penta- 
lophodont, i.e., four to four and a half erests; rarely to five 
and a half crests. 

Molars persistently brachyodont. 
Molars with persistent single central trefoils; rudiments 

only of double trefoils in late geologic stages. 

Central conules invariably present. 

Jaw progressively elongating (hyperlongirostral); tusks 
progressive. 

2. Genus Tetralophodon Falconer. Mio-Pliocene 
to Middle Pleistocene. 

Genotype: Mastodon longirostris Kaup. 

Fourth premolars and first and second superior and inferior 
molars tetralophodont. Dp*-Dp, also tetralophodont. 

Third superior and inferior molars progressively penta- 
lophodont to octalophodont adding crests, e.g., five and a 
half crested, six crested, seven and a half to eight and a third 
crested. 

Molars progressively brachyodont to subhypsodont, to 
hypsodont (Morrillia) and covered with cement. 

Molars with double central trefoils in early Pliocene stages. 
Central conules variable, present or absent. 
Jaw stationary at medium length (medilongirostral) ; inferior 

tusks retrogressive, (?) absent in females. 

Aputt Riwce Formuta. — Whereas in all the thirty-seven species which we have more or less provi- 

sionally referred to the genus T'rilophodon the ridge formula remains relatively constant and conservative, 

viz., M 3,23, in Tetralophodon the ridge formula is progressive, thus, M 2% M 3 ‘-8**. Tetralophodon, 

however, is much less fully known than Trilophodon and the species which are referred to the Tetralophodon 

generic phylum in the list below are partly provisional. 

Decipvous Ripce Formu.L”.—It is very important to observe that in both the deciduous and permanent 

dentition of Trilophodon and Choerolophodon, the ‘intermediate molars,’ namely, Dp 4-M 2, are three crested or 

trilophodont, whereas in Tetralophodon the corresponding deciduous and permanent intermediate molars are 

tetralophodont. Accordingly, as shown in figure 304, the fourth superior milk premolars of T'rilophodon angustidens 

(Fig. 304, lower) are three crested, practically as in the fourth superior milk premolars of Mastodon | = Trilophodon 

(Choerolophodon)] pentelicus (Fig. 304, middle), whereas the fourth superior milk premolars of Mastodon {=Tetra- 

lophodon| longirostris are four crested (Fig. 304, upper). Central conules are typically reduced or absent. 

2. DISTINCTIONS BETWEEN THE DECIDUOUS DENTITION OF TETRALOPHODON 

AND TRILOPHODON (COMPARE PAGES 261-266) 

TriLopHopon.—The juvenile type skull, which Gaudry and Lartet in 1856 described as Mastodon pentelicus, 

contains only the deciduous superior and inferior incisors and premolars, as beautifully shown and described 

in Gaudry’s great memoir of 1862, Pl. xxu, and reproduced in his ‘‘Les Enchainements du Monde Animal,” 

1878, p. 180. It is upon the coronal characters of these milk teeth, reproduced in facsimile in figure 304, as 



346 OSBORN: THE PROBOSCIDEA 

compared with those of Trilophodon angustidens on the one hand and of Tetralophodon longirostris on the other, 

that the generic distinction between Trilophodon (Choerolophodon) pentelicus and Tetralophodon longirostris 

ean readily be made. In this comparison we observe the following ridge formule: 

Fic. 240. — Molaires supérieures de lait du Mastodon longirostris, aux 
2/3 de grandeur. — 1m. premiére molaire; 2m. seconde molaire a trois 
collines; 3m. troisitme molaire a quatre collines. — Miocéne supérieur, 
d’Eppelsheim. (D’aprés M. Kaup.) 

Fic. 241. — Molaires supérieures de lait du Mastodon Pentelici, aux 2/3 de 
grandeur. — 1m. premicre molaire; 2m. seconde molaire a trois collines ; 
3m. troisitme molaire a trois collines. — Mioctne supéricur de Pikermi. 

Fic. 239. — Molaires supérieures de lait du Mastodon angustidens, aux 
2/3 de grandeur. — 1m. premiére molaire; 2m. seconde molaire a deux 
collines ; 3m. troisitme molaire 4 trois collines: — Miocéne moyen de 
Sansan. 

Fig. 304. Superior milk premolars of the left maxilla, Tetralophodon, 

Choerolophodon, Trilophodon. For full explanation of this figure, see figure 

196 above (Trilophodon, Chap. VIII). 

(Upper figure, 240) Mastodon | = Tetralophodon| longirostris of Eppelsheim, 
Dp’ with four and a third crests. 

(Middle figure, 241) Mastodon | = Trilophodon (Choerolophodon)] pentelicus 
of Pikermi, Dp’ with three and a third crests. 

(Lower figure, 239) Mastodon {=Trilophodon] angustidens, Dp’ with 
three crests. 

Dp* Dp* Dp" [M! 
Tetralophodon longirostris 1% crests 3 crests 4, crests 45 crests 

Trilophodon (Choerolophodon) 

pentelicu: 1% crests 3 crests 3\Mcrests 344 crests 
Trilophodon angustidens 1% crests 2 crests 3 crests 3 crests] 

Dp’ Dp’ Dp* [M" 
Tetralophodon 

longirostris 143 crests 3 crests 4% crests 415 crests 

Tril. (Choer.) 

pentelicus 115 crests 3 crests 3}; crests 3% crests 

Tril. angusti- 

dens 135 crests 215 crests 3 crests 3. crests] 

Unfortunately we do not yet know the adult struc- 

ture of the grinding teeth in the stage of what we call 

Trilophodon (Choerolophodon) pentelicus, for no adult 

dentition has been described. It is certain, however, 

that this animal belongs to Trilophodon pentelicus (see 

Chap. VIII, pp. 261-266). 

Schlesinger (1917, p. 181) solved the difficulty by 

proposing to call this animal Choerolophodon, making 

Mastodon pentelicus the type of his new subgenus 

characterized by the crenulate or choerodont condition 

The juvenile skull of ‘M.’ 

pentelicus, beautifully figured by Gaudry, as reproduced 

above in two figures (Figs. 205, 206), reveals the fol- 

lowing additional characters: (1) Intermediate milk 

molars, Dp**, trilophodont in ridge formula, (2) buno- 

lophodont and chcerodont in cone structure; (3) enamel 

band on outer side of superior tusks; (4) lower jaw 

of the milk-molar crowns. 

moderately elongated; (5) superior milk molars certain- 

ly intermediate in character between those of Trilopho- 

don angustidens and Tetralophodon longirostris. 

(1) Compare (Fig. 304) the above superior milk 

teeth, Dp? to Dp*, with those of Phiomia wintoni (cf. 

serridens), figure 181, and observe the progression in the 

ridge formula; (2) observe also the marked crenulation 

of the sides of the lophs; and (3) the progressive evolu- 

tion in ascending order of Dp* in P. wintoni (ef. serri- 

dens), figure 181, in Trilophodon angustidens, in T. 

(Choer.) pentelicus, and in Tetralophodon longirostris in 

which Dp* becomes trilophodont. Dp* is trilophodont 

in Trilophodon angustidens; it is trilophodont with a 

rudiment of a tetartoloph in T. (Choer.) pentelicus; it 

is tetralophodont with a rudiment of a pentaloph in 

Tetralophodon longirostris. 
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TETRALOPHODON (TETRALOPHODONTINA) CONTRASTED WITH SYNCONOLOPHUS (BREVIROSTRIN 2) 

OF THE SUMMIT OF THE MIDDLE SIWALIKS OF INDIA 

The widest possible contrast is observed between the basicranial, palatal, and grinding tooth aspect of Syn- 

conolophus (Fig. 305) and Tetralophodon (Fig. 306). Synconolophus is a typical Brevirostrine; molars asym- 

metrical with compacted cones and central conules. Tetralophodon is a Medilongirostrine; molars with sym- 

metrical cones and ridge-crests but reducing the central conules seen in Synconolophus and Trilophodon. Both 

are subchcerodont. Observe the dolichocrany of Synconolophus and the brachycrany of Tetralophodon. 

Prior to the American Museum Expedition of Barnum Brown in 1921-1924 the genus Tetralophodon had been 

represented from the Siwaliks only by isolated teeth collected and figured by Falconer, Lydekker, and Pilgrim. 

The fortunate discovery by Doctor Brown of a complete cranium (referred by the present author to Tetralopho- 

don punjabiensis) three miles west of Dhok Pathan, 500 feet below the summit of the Middle Siwaliks, India, of 

typical Middle Pliocene age, greatly extends our knowledge of this genus and affords a complete understand- 

ing of the character of the skull in comparison with Kaup’s palate of Mastodon {= Tetralophodon| longirostris; in 

the present Memoir this cranium is represented in figures 306 and 324. 

Se et 

as 

iG 

A.M. 19673 ihe. * 
& 

Fig. 305. Synconolophus dhokpathanensis type (Amer. Mus. 19673). Fig. 306. ‘T'etralophodon punjabiensis ref. (Amer. Mus. 19686). Palatal 

Palatal view of cranium showing the three and a half crested M* and the four view of cranium showing the complete structure of the right and left superior 

crested M°, also the posterior position of the narial opening. For full de- molar teeth, one-eighth natural size. For description and additional figure, 

scription and additional figure, see Chapter XIII (pp. 661-664, Fig. 630). see pages 363, 364, and figure 324. 



3. PHYLUM TETRALOPHODON FALCONER, INCLUDING THE DOUBTFUL LYDEKKERIA, THE 

MORE PROGRESSIVE AND TYPICAL TETRALOPHODON, AND THE HIGHLY SPECIALIZED 

MORRILLIA. ORDER OF DISCOVERY, DESCRIPTION, AND PHYLOGENY 

SupERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILY: BUNOMASTODONTID& Osborn, 1921 

SUBFAMILY: TETRALOPHODONTIN® van der Maarel, 1932 

PHYLUM TETRALOPHODON 

Original reference: Section name, Falconer and Cautley,‘‘ Fauna Antiqua Sivalensis,” 1846 [1847, Pls. xL1—xxv], based on Mastodon 

perimensis, M. sivalensis, M. arvernensis, M. longirostris and M. latidens; subgenus of Mastodon, Falconer, Quart. Journ. Geol. Soe. 

London, 1857, XIII, pp. 313, 316, table opposite p. 319. 

Histrory.—The genus Tetralophodon, originally proposed by Falconer in 1847 as a collective or section name 

to include five species which we now recognize as belonging to at Jeast four distinct genera, is by courtesy to 

Falconer restricted to one of the five species, namely, Mastodon longirostris. His definition of 1857 (p. 316) is as 

follows: “Subgenus 2. Tetralophodon.—Dent. molar. 3, utrinque intermediorum coronis colliculis 4 (raro 5).” 

As partly restricted by Falconer himself to M. longirostris in 1857, we may study the characters of this animal as 

the genotypic species of the genus Tetralophodon. 

PuyLetic CHARACTERS.-—Imperfectly known Medilongirostrines, with tetralophodont intermediate molars, 

single trefoils in the Miocene stage, double trefoils in the Pliocene stage; brachyodont, progressive to hypsodont, 

with cement, in Pleistocene time; third molars slowly developing from 4% (?) to 7% to 8¥ ridges; third grinders only 

in use in old age. Compare also the generic characters listed above (pp. 344, 345). 

Whereas T'rilophodon is of Lower Miocene to Middle Pliocene age, Tetralophodon first appears abundantly 

in Lower Pliocene time and extends into Middle Pliocene time. Thanks to the recent geologic observations of 

Lugn and Schultz (Pls. vi, vim of the present Memoir), this phylum survived to Middle Pleistocene time in the 

progressively hypsodont T. (Morrtllia) barbourt of Nebraska. 

This generic phylum appears to be geologically first known in southern Asia, namely, in the Middle Pliocene 

Tetralophodon (Lydekkeria) falconert of India and in the Mio-Pliocene T. (L.) sinensis of China; Miocene species 

are distinguished by their incipient trefoils from the Pliocene genotype, 7’. longirostris, which has double trefoils. 

The 7. (Lydekkeria) falconert of the Dhok Pathan horizon, Middle Siwaliks, passes into the form of the Middle 

Pliocene 7. punjabiensis of the Dhok Pathan, India, from the Tetralophodon longirostris stage of Germany. Four 

or more American species are known, namely, Tetralophodon campester and T. elegans, Lower to Middle(?) Plio- 

cene of Kansas, and the primitive 7’. fricki sp. nov., Pliocene of northern Texas, also Tetralophodon (Morrillia) 

barbourt, Middle Pleistocene of Nebraska. Klihn (1922) described the species Mastodon gigantorostris from 

Bermersheim, Germany, which appears to be referable to Tetralophodon (see Chap. VIII, p. 282, for brief descrip- 

tion). Van der Maarel has recently (1932) added Tetralophodon bumiajuensis from the Pliocene of central Java. 

Of the following fifteen’ species the majority are very imperfectly known; it is probable but not certain 

that they all belong in the phylum Tetralophodon. 

(1) The Eurasiatic Miocene member, Tetralophodon sinensis, has single trefoils and is referable to the 

distinct and more primitive new subgenus Lydekkeria. (2) The Eurasiatic and American Pliocene members, 

T. grandineisivus, T. longirostris, T. punjabiensis, T. campester, and T. elegans, have incipient double trefoils and 
are referable to Falconer’s genus Tetralophodon. (3) T.. barbouri belongs to the final stage Morrillia Osborn, with 
hypsodont molars, heavy cement, and double trefoils (Fig. 308). 

'See footnote on page 349. 
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EP x 
Pays] JINS |S ‘ 

7 Soa bs F Si re 

{TET RALOPHODONTINAE | eg 

Fig. 307. Geographic distribution of species of Tetralophodon. The white dots within the black areas represent the approximate localities where the 
types of these fifteen! species were discovered. The crosses represent referred specimens mentioned in the present Memoir. 

CHRONOLOGIC ORDER OF DISCOVERY AND DESCRIPTION 

See Figure 307 

ORIGINAL NAME Speciric REFERENCE GEOLOGIC AGE 

IN PRESENT MEMOIR 

1. 1832 Tetracaulodon longirostre Kaup, Eppelsheim, 
Germany = Tetralophodon longirostris Lower Pliocene 

2. 1834 Mastodon dubius Kaup and Scholl, Eppels- 
heim, Germany = Tetralophodon longirostris Lower Pliocene 

$8. 1834 Mastodon grandis Kaup and Scholl, Eppels- 
heim, Germany = Tetralophodon longirostris Lower Pliocene 

4. 1877 Mastodon (Trilophodon) Falconeri Lydekker, 
Dhok Pathan, PotwAr district, Punjab, 
India ( fide Hopwood letter, 1932) =Tetralophodon (Lydekkeria) falconert Middle Pliocene 

6. 1885 Mastodon perimensis Falconer var. sinensis 
Koken, Yun-nan, China = Tetralophodon (Lydekkeria) sinensis Miocene(?) to Pliocene(?) 

6. 1886 Mastodon punjabiensis Lydekker, Dhok Pathan, 
Siwaliks, India = Tetralophodon punjabiensis Middle Pliocene 

7. 1878 Tetralophodon campester Cope, Republican 

River horizon, Sappa Creek, Kansas =Tetralophodon campester Lower Pliocene 

8. 1917 Mastodon (Bunolophodon) grandincisivum 

Schlesinger, Maragha, Persia = Tetralophodon grandincisivus Lower(?) Pliocene 

9. 1917 Gomphotherium elegans Hay, McPherson, 

Kansas = Tetralophodon elegans Middle (?) Pliocene 

10. 1921 Tetralophodon barbouri Osborn, Cambridge, 

Furnas County, Nebraska = Tetralophodon (Morrillia) barbouri Middle Pleistocene 

11. 1922 Mastodon gigantorostris Klihn, Bermersheim, 

Germany =Tetralophodon gigantorostris Lower Pliocene 

12. 1923 Tetralophodon precampester Osborn, Harlan 

County, Nebraska = Tetralophodon (Morrillia) barbouri Middle Pleistocene 

13. 1923 Anancus brazosius Hay, Brazos River, near 

San Felipe, Texas =Trilophodon (?Tetralophodon) brazosius' (?) Pliocene 

14. 1932 Tetralophodon bumiajuensis van der Maarel, 

Bumiaju, central Java = Tetralophodon bumiajuensis Pliocene 

16. 1933 Tetralophodon fricki sp-nov., northern Texas = T'etralophodon frickt Lower to Middle Pliocene 

1Anancus brazosius transferred (1935) to T'rilophodon (see Fig. 333, p. 374, below). Consequently Trilophodon brazosius appears erroneously on the 

above map (Fig. 307); see footnote on page 250. ; 

Tetralophodon exoletus Hopwood, 1935, Lower Pliocene of China (see Appendix to present Volume I). 
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Nesp Mus.10-1 -7- lO WWPEN 

4 

Nesp Mus’22-10-8-14 ref. 
3 

INoMus.A46 TyPE 

Fig. 308. Anteroposterior evolution and hypsodonty of third inferior and superior molars in 
Tetralophodon, from the base to the summit of the Pliocene. Observe in B, D, F arudimentary anterior 

crest. Compare figure 329. 
This unique series of figures exhibits the following: (1) Progressive addition of anterior as well as 

of posterior ridge-crests; (2) progressive vertical elongation of the crests from brachyodonty in Tetra- 

lophodon longirostris to full hypsodonty in 7’. (Morrillia) barbouri; (3) progressive strengthening of the 

internal and external trefoils, feebly developed in 7’. precampester and T. longirostris, strongly de- 
veloped in T. (Morrillia) barbouri; (4) progressive addition of cement; (5) progressive increase in size. 

F, Tetralophodon (Morrillia) barbouri Osborn, type, by far the most progressive stage, hypsodont, 
cement, ridge-crests M 3 7%-8%5. 

E, Tetralophodon precampester type =T. (Morrillia) barbouri ref.; ridge-crests M 33. 

D, Tetralophodon campester Cope, ref., subhypsodont, slight cement, ridge-crests M 3 3x. 

C, Tetralophodon punjabiensis Lydekker, type (new figure), less hypsodont, no cement, ridge- 
crests M 3 54+. 

B, Tetralophodon fricki sp. noy., type, slight cement, subhypsodont, double trefoils feebly de- 
veloped, ridge-crests M 3 4°". Central conules. Compare Fig. 334, p. 375. 

A, Tetralophodon longirostris Kaup, type (new figure), brachyodont, no cement, trefoils feebly 
developed, ridge-crests M 3 5%. 
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Consequently these animals include three generic stages. (1) The doubtful subgenus Lydekkeria rests upon 

the Middle Pliocene stage of Mastodon (Trilophodon) falconeri. (2) The genus Tetralophodon Fale. rests upon the 

| typical Lower Pliocene stage of Eppelsheim, with incipient double trefoils and relatively short-crowned molars, i.e., 

. brachyodont. (3) The Middle Pleistocene stage, T. (Morrillia) barbouri, is fully hypsodont; when more per- 

fectly known it may be embraced in a third genus, to which the name Morrillia would be appropriately applied, 

as the genotypic species (see Fig. 308 on opposite page). 

ASCENDING PROGRESSIVE ORDER AND CHARACTERS OF SPECIES 

Specimens of Tetralophodon are much more rare than those of Trilophodon. Until the recent discovery of the 

fine skull of 7. punjabiensis (see Figs. 306, 324), there were only two partly complete skulls known, namely, of 

Tetralophodon longirostris of Eppelsheim and of 7. campester of Kansas, the remaining species rested mainly on 

isolated superior and inferior molars, so that we were very far from knowing the full characters or evolution of 

this genus. 

Immediately above, in this Tetralophodon section, the species are listed in the order of discovery. An attempt 

may now be made to list them in ascending order of phylogenetic evolution, with the comparative measurements 

and indices so far as we can give them from our present knowledge. 

PuyLoGENetIC OrpEr.—The theoretic ascending order of eleven of the fifteen’ species provisionally re- 

ferred to this phylum is as follows: 
Second Molars Third Molars Ridge-crests 

ap.) at i ap. tr. he M2 M3 

Middle Pleistocene 1921 Tetralophodon (Morrillia) barbourt 

type, M®, Cambridge, Nebraska Unknown M: 204e Ste Ale 74-8 

Middle Pleistocene 1923 Tetralophodon precampester = T. 
(Morrillia) barbouri, M’, Harlan 

County, Nebraska Ms 177e 88e 50e LS 

Middle to Upper Pliocene 1917 Tetralophodon elegans type, Ms, 

McPherson, Kansas Ms 217 +85 39 54-6 

Lower Pliocene 1878 Tetralophodon campester type, M**, 
Republican River horizon, 

Sappa Creek, Kansas 118 75 64 M? 195 80 41 4-6 

Lower to Middle Pliocene 1933 Tetralophodon fricki type, M**, 

northern Texas 128 73 57 M3 182 89 49 K-5-h 

Middle Pliocene 1886 Tetralophodon punjabiensis lectotype, 

Ms, Dhok Pathan, Siwaliks, India Ms 242 «93 38 54+ 

Lower Pliocene 1832 Tetralophodon longirostris type, Mos, 

Eppelsheim, Germany 138 67 49 Ms; 189 70 37 4 5k 

Lower(?) Pliocene 1917 Tetralophodon grandincisivus ref., 

M®, Maragha, Persia M* 225 106 47 5% 

Middle(?) Pliocene 1877 Tetralophodon (Lydekkeria) falconert 

type, Mz, Dhok Pathan, Punjab, 

India 168 96 57 3 

Miocene(?) to Pliocene(?) 1885 (?) T'etralophodon (Lydekkeria) sinensis 

type, M’, Yun-nan, China 5 

Pliocene 1932 Tetralophodon bumiajuensis type, M* 170 5k 

M’-M;, Bumiaju, central Java M; 180 70e 39e 5k 

ProcressivE M 3 (compare Fias. 308, 329).—This important table shows that M 3 is a very progressive 

tooth in the genus Tetralophodon, it remains relatively long and narrow, the average index of M; being 38 as 

compared with the average index 42.7 in known species of Trilophodon. The incipient, small pro-protolophid crest 

'See footnote on page 349. 
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rises from 4, #, to 1; the posterior crest rises from 3, $+, %, to 1. This long narrow M 3 in both Trilophodon 

and Tetralophodon, correlated with the final concentration of the whole masticating function of the food on the 

posterior molars, M*-Ms, together with the corresponding complication and evolution from brachyodonty to full 

hypsodonty of the crown in Morrillia, enables us to distinguish the posterior teeth of these Tetralophodonts 

from the corresponding molars in the phyla Serridentine, Rhynchorostrine, and Brevirostrine, although in 

some Brevirostrine species the third molars also become remarkably elongate and hypsodont. 

Ripce-crest ENUMERATION.—It is very important to observe closely the gradual upgrowth of the anterior 

as well as of the posterior ridge-crests in these Bunomastodontide, as in the Stegodontinze. New ridge-crests arise 

from paired cones which become paired conelets; these cones subdivide into two cones on each side; this makes four 

conelets in each fully completed transverse crest, whereas there are only two cones in each rudimentary crest. 

ORIGIN OF THE TETRALOPHODONTS.—These medilongirostral mastodonts arose independently from an 

ancestral Oligocene stage which might be comprised within the genus Phiomia. This stage was less specialized 

than Phiomia osborni, which leads directly into Amebelodon fricki. Among the true ancestors of the Tetra- 

lophodon phylum the jaw remained medilongirostral, as in primitive species of Phiomia; the trefoils gradually 

began to double, as seen in the Middle Pliocene 7. falconeri; a fourth crest arose on the ‘intermediate molars,’ 

unlike any species of Trilophodon; as in Trilophodon the entire function of mastication finally concentrated on the 

third superior and inferior molars; while in Trilophodon these posterior molars remained brachyodont, in the 

Tetralophodon phylum they finally became hypsodont (Morrillia). Consequently the distinctions between the 

genus Trilophodon, the typical genus Tetralophodon, and the subgenus Morrillia are entirely in progressive char- 

acters which developed throughout Miocene to Pleistocene times. 

PuyLtuM TETRALOPHODON 

Jaws of medium length (medilongirostral) 

Subgenus Lydekkeria doubtful 
Miocene and Pliocene 

Genotype: Mastodon (Trilophodon) 

falconert Lydekker 

M3 slowly progressive. 

Second superior and inferior molars 

subtetralophodont to tetralophodont ; 

molars with single central tretoils and 

rudiments of double trefoils. 
Third superior and inferior molars 

tetralophodont; tetartolophid incipi- 

ent. 

Molars primitive, brachyodont. 

Tetralophodon (Lydekkeria) falconeri, 

Dhok Pathan, Punjab, India, Middle 
Pliocene. 

(?) Tetralophodon (Lydekkeria) sinen- 

sis, Mio-Pliocene, Yun-nan, China. 

Typical Genus Tetralophodon 

Lower Pliocene 

Genotype: Mastodon longirostris 

Kaup 

M 8 rapidly progressive. 

Second superior and inferior molars 

fully tetralophodont; molars incipient- 

ly doubling central trefoils. 

Third superior and inferior molars 

with 5% to 6 crests. 

Crowns of grinding teeth brachyo- 

dont (T. longirostris, T. punjabiensis), 

subhypsodont (7’. campester, T. elegans). 

Tetralophodon longirostris, Eppels- 

heim, Germany; Tetralophodon gran- 

dincisivus, Maragha. Persia; Tetralo- 

phodon punjabiensis, India; Tetralopho- 

don campester, Kansas; Tetralophodon 

elegans, Kansas; Tetralophodon fricki 

sp. nov., Texas. 

Subgenus Morrillia 

Middle Pleistocene 

Genotype: Tetralophodon barbouri 

Osborn 

M 3 highly progressive. 

‘Intermediate molars’ fully tetra- 

lophodont; pronounced double trefoils. 

Ridge-crests 735 to 8 in M$. 

Molars hypsodont; cement. 

Tetralophodon (Morrillia) barbourt, 

Nebraska. 

Tetralophodon precampester [= Tetra- 

lophodon (Morrillia) barbouri syn.] 



4. PROBABLE ORIGIN OF TETRALOPHODON. CHARACTERS OF THE PRIMITIVE SUBGENUS 
LYDEKKERIA, AS KNOWN IN THE PLIOCENE OF INDIA AND IN THE 

MIOCENE OR PLIOCENE OF CHINA 

Suscenus: LYDEKKERIA? Osborn, 1924 [= ? TETRALOPHODON Falconer, 1847, 1857] 

Original reference: Amer. Mus. Novitates, No. 154, 1924, pp. 2, 3 (Osborn, 1924.634). 
Genotypic species: Mastodon (Trilophodon) falconeri Lydekker, 1877. 

SUBGENERIC CHARACTERS.—Single infero-external trefoils in third lower molars. ‘Interme- 
diate molars’ with three and a half to three and three-fourths to four transverse ridge-crests; third lower 
molars probably four to five crested. Mio-Pliocene Tetralophodonts more primitive than Tetralophodon 
longirostris. 

This primitive Pliocene stage of India appears to be ancestral to the true Lower Pliocene Tetralophodon. 

Like Trilophodon it has single central trefoils; unlike Trilophodon the second molar, Mz, exhibits three and a 

half to three and three-quarters to four transverse crests, thus passing into the T'etralophodon longirostris stage, in 

which the second molar has four crests. Inasmuch as Lydekker was the first to describe this animal and made 

great contributions to the fossil fauna of the Siwaliks, Mastodon (Trilophodon) falconeri was taken (Osborn, 

1924.634, p. 2) as the genotypic species of the new subgenus Lydekkeria, named in Lydekker’s honor and repre- 

senting the Mio-Pliocene’ evolutionary ancestral stage of the true Pliocene Tetralophodon. 

Type or TETRALOPHODON (LYDEKKERIA) FALCONERI 

Fig. 309. Type of Mastodon (Trilophodon) Falconeri Lydekker, 1877. After Lydekker, 1880, Pl. xxxu, figs. land 4. Fig. 1. 

“Part of right ramus of mandible, with second true molar [r. Me]: from the Punjab.’’ Reduced to one-fourth natural size. Fig. 4. 
“Second right lower true molar: from the jaw represented in fig. 1.’’ Reduced to one-half natural size. Dhok Pathan horizon, 

Punjab, India, Middle Pliocene. (Cf. Lydekker, 1885, p. 103): Ind. Mus. Calcutta “4.29. Part of right ramus of the mandible 

with m.2.; from the Potwiir district, Punjab. Figured in the ‘Pal. Ind.’ op. cit. vol. i., pl. xxxut., figs. 1,4. This specimen is the 

type. Collected by Mr. Theobald.” 

Hopwood (letter, Feb. 10, 1932) states that the holotype of Lydekkeria was collected by Theobald, not in the 

Middle Miocene Lower Chinji? horizon as described by Lydekker (1877), Pilgrim (1922-1927), and Osborn in the 

paragraphs below, but in the Middle Pliocene Dhok Pathan horizon of the Potwar district. Hopwood accordingly 

alters both the geologic age and the phylogenetic interpretation of Osborn. Therefore Tetralophodon (Lydekkeria) 

falconeri Lyd., 1877, is not in a Middle Miocene but in a Middle Pliocene stage contemporaneous with the 

Mastodon [Tetralophodon] punjabiensis Lyd., 1886. If Hopwood is right, Lydekkeria may become a synonym 

of Tetralophodon, and M. [Tetralophodon| punjabiensis Lyd., 1886, may become a synonym of M. [Tetralophodon| 

falconeri Lyd., 1877. Pilgrim (1913, p. 316) refers to specimens of 7’. falconeri occurring in the Middle Miocene, 

base of the Siwaliks. 

‘See notes above (p. 343) as to the doubtful generic validity and geologic horizon of Lydekkeria. 

"The Lower Chinji is now regarded (1935) as of Mio-Pliocene age (see Fig. 413, p. 448). 

353 



354 

Tetralophodon (Lydekkeria) falconeri Lydekker, 1877 

Figures 309, 310 

Type: Dhok Pathan horizon, Potwar district, Punjab, India, Middle 

Pliocene. 

Compare Tetralophodon grandincisivus. 

Hisrory.—This species is founded upon a very character- 

istic Middle Pliocene type from the Dhok Pathan horizon, Potwar 

district, Punjab, India, originally described by Lydekker, 1877, 

as Mastodon (Trilophodon) Falconeri, but subsequently regarded 

(Osborn) as possibly ancestral to Tetralophodon longirostris. 

It certainly does not belong, as regarded by Pilgrim, in the T'ri- 

lophodon angustidens phylum, because its three and three-quarters 

erested second inferior molars, Ms, entirely remove it from the 

typical Trilophodonts. Pilgrim also refers to T. falconert speci- 

mens found in the Manchhar beds, base of the Siwaliks, Middle 

Miocene (see Middle Miocene, Fig. 414). 

Type Levet.—The geologic level of the type (Fig. 309) is 

very important. Lydekker (1885, p. 103) designated the type as 

from the Potwar district, Punjab. Pilgrim (1921-1927) confirmed 

the type as occurring in the Lower Chinji* horizon, Middle Mio- 

cene; Hopwood considers it of Middle Pliocene, Dhok Pathan age. 

Puytetic Srace.—The species designated by Lydekker in 

1877 as Mastodon (Trilophodon) falconeri was supposed to be of the 

same (Middle Miocene)* geologic age as the type of Trilophodon 

angustidens from Simorre; it cannot, however, be a relative of the 

T. angustidens phylum in which the intermediate molars are tri- 

lophodont. In other words, the three and three-quarters crested 

second inferior molars of 7’. falconeri remove it from the typical 

Trilophodonts in which M?-Mz remain trilophodont to the end. 

Lydekker states (1886.1, p.40): “This species is of very large size, 

and apparently has a short and incisor-less mandibular symphysis.”’ 
Nevertheless it seems best to place it in the genus Tetralophodon, 

for the absence of lower tusks may be a female character; see note 

on T. punjabiensis below. 
Mastodon (Trilophodon) Falconeri Lydekker, 1877. ‘‘ Notices 

of New or Rare Mammals from the Siwaliks.” Rec. Geol. Surv. 

India, Vol. X, Pt. II, pp. 76-83. Typr.—(Lydekker, 1880, Pl. 

xxx, figs. 1 and 4): “Part of right ramus of mandible, with 

second true molar [r.M»]: from the Punjab.” (Ind. Mus. A.29). 

Horizon anp Locatity.—Middle Pliocene, Dhok Pathan horizon, 

Potwar district, Punjab, India. Type Ficurr.—Lydekker, 

1880, Pl. xxx, figs. 1 and 4. 

Type Description.—(Lydekker, 1877, p. 83): ... “this 

species is known by two lower molar teeth, one of which is the last 

milk-molar, and the other is the penultimate true molar... . Each 

of these teeth carries three transverse ridges and a fore and aft 

talon; .. . Both the present specimens belong to the wide- 

toothed Mastodons; the ridges are divided by an antero-posterior 

median valley; the first two pairs of columns are placed in the 

same transverse line, but the third pair are placed somewhat 

unsymmetrically; . . . The length of the larger specimen is 6.8 

inches, and its breadth 3.7 inches; the length of the last milk- 

molar is 4.1 inches, and its breadth 2.4 inches. . . . I should propose 

to call the present species by the name of Mastodon (Trilophodon) 

Faleoneri in honor of the describer of the many other forms of 

extinct Indian Proboscidia.”’ 

OSBORN: THE PROBOSCIDEA 

Osborn, 1922: Lydekker’s original description [of Dp,, Mo] 

quoted above does not agree fully with his subsequent designa- 

tion of the type (1885, p. 103) cited in full in the legend of figure 

309 above. Nevertheless we are compelled to accept the author’s 

own selection of a tooth which he describes as follows: 

(Lydekker, 1880, p. 206): “Second lower true molar.—Continu- 

ing our serial survey of the lower molars we come to the large 
specimen represented in fig. 4 of Plate xxxim. This tooth is im- 

planted in a fragment of the right ramus of the mandible, repre- 

RererreD Mouars OF TETRALOPHODON (LYDEKKERIA) (?)FALCONERI 

Fig. 310. Superior molar teeth of the left side, 1.M?, 1.M?, erroneously 

referred by Falconer to ‘ Mastodon sivalensis.’ Original formerly in Museum 

of Asiatie Society of Bengal; cast, Ind. Mus. A.102 and Brit. Mus. M.2881; 

from the Siwalik Hills, India, no horizon given. Figure after Falconer and 

Cautley, 1846 [1847], Pl. xxxrv, fig. 1, one-third natural size; also described 

as M. sivalensis (fide Falconer, 1867, p. 45), portion of skull showing palate 
with two molars on either side; tusk-sheaths very divergent; molars said 

to resemble M. arvernensis and M. sivalensis. 

The skull and the teeth may belong to Tetralophodon. M7? is inferior 

in size to the type Me of Tetralophodon (Lydekkeria) falconeri (Fig. 309); 
it appears to be in a somewhat similar stage of evolution; relative dimen- 

sions, type Me (Fig. 309), ap. 168 mm., tr. 96 mm., index 57, referred M* 
(this figure), ap. 165 mm., tr. 75 mm., index 45. See page 355, opposite. 

sented on a smaller scale in fig. 1 of the same plate; in front of the 

figured tooth there is in the jaw a fragment of another much worn 

tooth, which is too imperfect for description; the jaw was collected 

by Mr. Theobald in the Punjab. The figured specimen carries 

three stout transverse ridges and a very large hind-talon, and is 

slightly narrower in front than behind. From its great size, and 

from the number of its ridges, it is quite evident that this tooth 

must be the second lower true molar, and that it consequently 

corresponds in serial position to the upper molar represented in fig. 

1 of Plate xxx; the two teeth, however, belong to opposite sides. 

The lower molar is considerably more worn down than the upper, 

since in the former large dentine islets are exposed on the third ridge, 

whereas in the latter, the enamel of that ridge is not perforated.” 
Speciric CHaracters.—(1) Lydekker (1886.1, p. 40) writes: 

“This species is of very large size,and apparently has a short 

and incisor-less mandibular symphysis; The species 

may be a more specialized descendant from the M. angustidens 

stock... . Hab. India (Punjab and Sind).”’ (2) The characteristic 

points of the molars of 7’. falconeri may be summarized as follows: 

(Lydekker, 1880, p. 208) . . . “intermediate molars with three 

transverse ridges and large talons; ridges running directly across 

the crown of the tooth, and divided into inner and outer columns 

by an approximately mesial cleft; accessory columns [trefoils], 

situated on the inner side of this cleft in the upper, and on the 

‘Also in the Siwalik Collection from near Hasnot, India, Dhok Pathan horizon, two upper molars (Amer. Mus. 19838), an M! and M?, are referable to 
Tetralophodon falconeri, the measurements and characters comparing closely with Lydekker’s type (fide Colbert) $e are 

“pee footnote on page 353. 

“Now believed to be of Middle Pliocene age (see p. 353). 

See figure 413. 
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outer side in the lower molars, slightly blocking the middle 
of the transverse valleys; dentine islets of one column in each ridge 
trefoil-shaped . .. ; blunt tubercles at the inner extremities of 

the valleys in the upper, and at the outer in the lower molars; no 

cement.” (3) Osborn, 1923: Thus the type tooth has single 

trefoils, as in the true trilophodont stage, and rudiments (Fig. 309) 

of double trefoils, but it has practically three and three-quarters 
transverse crests, as in a subtetralophodont stage; consequently it is 

intermediate in its ridge formula in the evolution of the second 

molar tooth between Trilophodon and Tetralophodon and probably 

ancestral to the latter. (4) Awaiting a fuller knowledge of this 

important stage, we are inclined to place this animal in the genus 

Tetralophodon and to regard it as a direct or collateral ancestor of 
the 7. longirostris phylum. 

FALCONER AND Cautuey (1847), Fatconrr (1867).—Falconer 

and Cautley in 1846 [1847] figured (Pl. xxxry, fig. 1) two superior 
grinding teeth with portion of a skull which in the plate descrip- 
tions are referred to Mastodon {Pentalophodon| sivalensis (Fig. 310 
of the present Memoir). 

Osborn, 1933: Despite the reference by Falconer of these 

two superior molar teeth, M**, to a species which we now term 

Pentalophodon sivalensis, a member of the Brevirostrine, we 

observe that these teeth (Fig. 310) entirely lack the characters 

distinctive of the Brevirostrine subfamily which contains Anancus 
and Pentalophodon. The internal and external cones do not 

alternate, they are opposite each other; all the ridge-crests are sim- 

ple, transverse, asin the Tetralophodontine. The ridge formula is 
M 2* M 34. These grinding teeth, therefore, correspond with the 
rather primitive species T'etralophodon (Lydekkeria) falconeri, much 

more primitive than Tetralophodon punjabiensis and not far distant 

in their evolutionary stage from Tetralophodon (Lydekkeria) sinensis. 
The above description of the type (Fig. 309), as well as the 

ancestral relationships and geologic level, is subject to future re- 

vision. At present the subgenus Lydekkeria is doubtful. 

Tetralophodon (Lydekkeria) sinensis Koken, 1885 

Figure 311 

Yun-nan, China, Mio—Pliocene. 

Gerouoaic Locauiry.—The type of Mastodon perimensis var. 

sinensis Koken, 1885, is from Yun-nan, China, a province of vast 

size. Its geologic age is consequently uncertain. Its tetralophodont 
structure and single median trefoils, however, indicate that it is 
of Upper Miocene age. The tetartoloph (Fig. 311) is more strongly 

developed than in 7’. (Lydekkeria) falconeri (Fig. 309), but the 
rudimentary double trefoils of 7’. (L.) falconeri do not appear. 

Mastodon perimensis var. sinensis Koken, 1885. ‘Ueber 

fossile Siiugethiere aus China.’’ Pal. Abhand., Band III, Heft 2, 
p. 34. Typr.—Probably a third upper molar of the left 

side, 1.M3. Horizon AND Locaurry.—Mio-Pliocene, 
Yun-nan, China. Type Ficure.—Op. cit., Taf. xu, fig. 1. 

Type Description.—(Op. cit., p. 34): “ Der abgebildete Zahn 
wird von vier Querjochen zusammengesetzt; da sich aber am 
hinteren Ende der Ansatz zu einer fiinften Schmelzerhebung findet, 
welche, wie die genaue Betrachtung der Bruchfliche lehrt, von einer 
wohl entwickelten Wurzel gestiitzt wurde, so ist die Annahme wohl 
gerechtfertigt, dass im Ganzen fiinf Querjoche vorhanden waren.” 

Matthew and Granger (1923, p. 565) remark: “Koken in 
1885 (Footnote: ‘Koken, E. 1885. ‘Fossile Saiigethiere aus 

China.’ Pal. Abh., III, Heft 2.’] described a collection secured by 

von Richthofen, apparently from the trading junks of the Yang- 

tse-kiang and understood by him to have come from far up the river 
in ‘caves in Yun-nan.’ Whether this was the real locality re- 
mains to be verified; one has the impression from the reading of 

von Richthofen’s letter, quoted by Koken, that the traveller himself 

suspected that the locality might not have been correctly stated.” 
The five crested type of Tetralophodon (Lydekkeria) sinensis 

should be compared with the type of Tetralophodon (Lydekkeria) 
falconeri, Middle Pliocene of India, from which it differs in the 

TeTRALOPHODON (LYDEKKERIA) SINENSIS OF YUN-NAN, CHINA 

Fig. 311. Five crested type molar of Mastodon perimensis 
var. sinensis Koken, 1885, Taf. xu, fig. 1: ‘M® ferror, 1.M®] 
des linken Unterkiefers.’’ Yun-nan, China. Koken (op. cit., p. 
34) concludes: . . . “so ist die Annahme wohl gerechtfertigt, 

dass im Ganzen fiinf Querjoche vorhanden waren.” 

presence of single trefoils, a character which inclines us to regard 

it as more ancient in dental development than the Lower Pliocene 

stage of Tetralophodon longirostris. In other respects the fractured 
type of 7’. sinensis agrees fairly well with the corresponding teeth, 

MS, in the referred palate of 7’. longirostris (Fig. 315). 

Osborn, 1922: The type of the species Mastodon perimensis 

var. sinensis agrees fairly well with the third left superior molar, 

1.M&, of Tetralophodon longirostris, as shown in figure 315, in which 

the trefoils appear only on the internal lophs and the tetartoloph 

is decidedly narrower than the tritoloph. Referring to the type 

figure (Fig. 311) and to the description by Koken below, we are 

inclined to regard this tooth as probably representing a third upper 

molar of the left side in the Tetralophodon stage of development. 

This opinion differs from that of Professor Koken in establishing 

this subspecies, who considers that the type (Fig. 311) represents a 

left M,. of the lower jaw; if Osborn’s determination is correct, the 

species is in the T'etralophodon stage of development of the inter- 

mediate molars, which would place it in the genus Tetralophodon. 

Osborn, 1932: The above description and facsimile of the type 

figure leave us certain that this animal is related to the Tetra- 

lophodon phylum, rather than to the brevirostrine Anancus phy- 

lum, as suggested in Koken’s specific term perimensis var. sinensis; 

the word perimensis must therefore be dropped and the species 

read simply T'etralophodon (Lydekkeria) sinensis. It is clearly 

distinguished from T. longirostris by the presence of single trefoils; 

it also differs from the type of 7. falconeri in this character; never- 

theless both these speciee, 7’. falconeri of India and T. sinensis 

of China, may be provisionally regarded as representing an ances- 

tral stage of evolution in the Tetralophodon phylum. 



5. CHARACTERS OF THE TYPICAL GENUS TETRALOPHODON OF FALCONER, INCLUDING 

SPECIES MIGRATING FROM EURASIA TO THE WEST CENTRAL UNITED STATES 

TETRALOPHODONTIN&E! van der Maarel, 1932 

Maarel (1932, pp. 108-126) proposes the subfamily TeTRALOPHODONTIN#, to which he refers the four species 

Tetralophodon (Lydekkeria) falconeri, T. (Lydekkeria) sinensis, T. punjabiensis, T. bumiajuensis. This seems to 

be an excellent new term to distinguish the Tetralophodon phylum from the Trilophodon phylum and is adopted 

by Osborn. 

Genus: TETRALOPHODON Falconer, 1847, 1857 

Genotypic species: Mastodon longirostris Kaup, 1832. 
Syn.: Tetrabelodon Cope, 1884, not as defined by Cope but as used by other authors. In part, Lydekkeria Osborn, 1924, as defined 

by Osborn, doubtfully founded on genotype Mastodon (Trilophodon) falconeri |=Tetralophodon (Lydekkeria) falconeri] (fide Hopwood, 
letter, 1932). Includes Morrillia, progressive final stage. 

GENERIC CHARACTERS.—Pliocene Tetralophodonts more progressive than Lydekkeria;  trefoils 
doubling; lophs slowly elevating to a subhypsodont condition. Intermediate molars with four to four 
and a third transverse ridge-crests; third molars with five and a half to six ridge-crests (7. punjabiensis, 
T. elegans, T. campester), with eight ridge-crests (7. (Mor.) barbourt). Inferior and superior valleys 
with central conules (T. fricki, T. punjabiensis), reduced or lacking (T. longirostris). Enamel band on 
superior incisors only." 

This genus, based on the genotypic species Mastodon longirostris Kaup, also includes a very large animal of 

similar geologic age, namely, Mastodon grandincisivus Schlesinger, 1917, of the Lower(?) Pliocene of Maragha, 

Persia, an animal in which the grinding teeth are in a relatively primitive condition (Fig. 321), with incipient 

double trefoils; also the Middle Pliocene Mastodon punjabiensis Lydekker, 1886, from the Dhok Pathan horizon, 

Siwalik Hills, India. 

It appears probable that in Lower Pliocene time the Tetralophodonts migrated into North America, because 

the species Tetralophodon punjabiensis of the Dhok Pathan of India, Middle Pliocene stage, seems to be the last 

of this race in Asia. An early Tetralophodont to appear in America was Tetralophodon fricki of Lower to Middle 

Pliocene time. Also, as shown in the diagram (Fig. 308), all the American species of Tetralophodon are much 

more liypsodont than the European. Accordingly the less progressive American species, 7’. fricki, appears to 

lead into the somewhat more progressive 7. campester, which, in turn, leads into 7’. elegans (Fig. 329), and finally 

into the new subgeneric stage Tetralophodon (Morrillia) barbouri. 

Hopwood (letter, Feb. 10, 1932) states that the genotypic species of Lydekkeria, i.e., Tetralophodon (Lydek- 

keria) falconeri Lyd., 1877, is of the same geologic age (Dhok Pathan, Middle Pliocene) as Mastodon [= Tetralo- 
phodon| punjabiensis Lyd., 1886, and thus T. falconeri Osb. may be a contemporary of 7’. punjabiensis Lyd. 

6. EURASIATIC SPECIES OF TETRALOPHODON, CHIEFLY LOWER PLIOCENE, NAMELY, 
T. LONGIROSTRIS, T. GRANDINCISIVUS, AND T. PUNJABIENSIS 

Only four well-defined Mio-Pliocene Eurasiatic species have been discovered, exhibiting the following 
characters: (1) In all of these the grinding teeth are simple, short crowned or brachyodont; (2) the fourth crests of 
the ‘intermediate molars’ are still in formation; (3) the double trefoils are rudimentary or in process of formation; 
(4) in the third grinders the number of crests is limited to 5% to 6; (5) the second grinders are long in use (Figs. 
313, 315) but begin to disappear in the adult stage (Fig. 320); (6) the jaws are medilongirostral (Figs. 313, 320); 
(7) the inferior and superior incisors are straight (Fig. 320); (8) the posterior grinding teeth may readily be distin- 
guished from the 4 to 4% to 5+ crested grinders of Trilophodon by the more numerous crests. A synopsis of the 
known species is as follows: 

‘An inferior enamel band is observed (Fig. 317) by Schlesinger in his type of Mastodon (Bunolophodon) grandincisivus; this is exceptional. 
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Tetralophodon (Lydekkeria) fal- ¢ I I Tetralophodon grandincisivus, 
coneri, Middle Pliocene of India Lower (?) Pliocene, Mara- 

a gha, Persia 
Primitive characters as enu- Second molars somewhat re- 

merated above. duced. 
Third molars not certainly known. 

See, however, figure 310, 4-5 
crested M’. 

Double trefoils incipient. 
Very primitive. 

Third superior and inferior 
molars 5! crested (Figs. 318, 
321). 

Double trefoils not developed. 
Inferior tusks, enamel band. 

tracas loner > Treg 4 

Type oF TETRALOPHODON LONGIROSTRIS Kaup 

Fig. 312. Original type figure of Tetracaulodon longirostre Kaup, 1832, 

Taf, x1, fig. A, Mo-M3, from Eppelsheim, one-fifth natural size. Original 

in Darmstadt Museum; cast Amer. Mus. Warren Coll. 10465. Compare 

figure 313. 

Tetralophodon longirostris Kaup, 1832 

Figures 181, 196, 308A, 312-316, 319, 329A, 331, 338 

Lower Pliocene of Eppelsheim, Germany. 

Syn.: Tetracaulodon longirostre Kaup, Mastodon dubius Kaup and Scholl, 
Mastodon grandis Kaup and Scholl, of Eppelsheim. 

As shown above in comparative figure 308, the Lower Pliocene 

Eppelsheim Tetralophodon longirostris type molar (A) is far more 
primitively brachyodont than any of the American Pliocene 
Tetralophodonts (B, D, E, F). 

History.—This classic type was first described by Kaup in 
1832 as belonging to Tetracaulodon (i.e., Mastodon) angustidens as 

follows: 
(Kaup, 1832.2, p. 628): ‘Ueber zwei Fragmente eines Unter- 

kiefers von Mastodon angustidens Cuv., nach welchen diese Art in 
die Gattung Tetracaulodon Godmann gehort, von J. Kaup, Taf. 
x1... . Im November (Footnote: ‘Etwas spiiter schreibt mir 
nun Professor Dr. Schinz: in den Gruben von Elgg kommt Tetra- 

caulodon, nahe verwandt mit Mastodon, vor. ... Es ist mir 

wahrscheinlich, dass es ebenfalls Tetracaulodon longirostre (Mast. 

angustidens) ist.’| dieses Jahres erhielt das Darmstidter Museum 
aus der Kiesgrube von Eppelsheim zwei Fragmente eines Unter- 
kiefers, von welchen das hintere zwei Backenziihne, das vordere 

zwei Alveolen fiir Stossziihne enthilt. Nach den Backenziihnen 
gehért dieser Kiefer Mastodon angustidens an, das nach den 
Alveolen des vorderen Stiicks in die Gattung Tetracaulodon zu 

verweisen ist.’ 
(Kaup, 1835, p. 65): ‘“J’ai décrit plus tard dans |’/sts [Foot- 

note: ‘Isis 1832 pag. 628 pl. x1.’] deux fragments d’une machoire 
inférieure avec deux défenses, et je les ai donnés encore au M. 
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Tetralophodon longirostris, Lower Tetralophodon punjabiensis, 
Pliocene of Eppelsheim Middle Pliocene, Dhok 

om ; Pathan, Siwaliks, India 
Both grinding teeth in use. 

M2 fully 4 crested; M3 with 5% Third inferior molars with 5% 
crests. crests. 

Double trefoils rudimentary. [ : Double trefoils rudimentary. 
Somewhat progressive. Somewhat progressive. 

angustidens en le plagant dans le genre Tetracaulodon; puis j'ai 
changé le nom d’angustidens en T.. longirostris, et plus tard encore 
j'ai regardé le M. arvernensis comme synonime du M. angustidens.”’ 

Type Ficure.—Kaup’s type figure is reproduced in facsimile 
herewith (Fig. 312). The same type jaw, a portion of a right 
mandible containing r.M2s, with the front part added, appears 
beneath a referred skull in Kaup’s Atlas of 1835 (1835, Tab. XIX, 
fig. 1), cast Amer. Mus. Warren Coll. 10465. This type jaw and re- 
ferred skull (Fig. 313) appear again as a beautiful wood engraving in 
Richard Owen’s “British Fossil Mammals” of 1846, p. 271, fig. 96; 

Upper and lower jaws of the Mastodon angustidens, from Epplesheim, after Kaup. 

Fig. 313. Kaup’s composition of the referred skull and type jaws of 

‘Mastodon’ longirostris from Eppelsheim, one-ninth natural size. After 
Owen’s “British Fossil Mammals,”’ 1846, p. 271, fig. 96, Mastodon angusti- 

dens. The skull is the same as that represented in figure 315. The lower jaw 
is identical with that figured by Kaup as the type of Tetracaulodon longi- 
rostre (Kaup, 1832.2, Pl. x1, fig. A), reversed and restored by the addition 

of the anterior portion of the ramus (see Tab. xrx, fig. 1). Cast Amer. 

Mus. Warren Coll. 10470 (skull); also cast Amer. Mus. Warren Coll. 
10465 (jaw). 

our figure 313 is a facsimile reproduction of Owen's figure. It is 

significant that at this time Owen ignored Kaup’s specific name 

longirostris and referred this classic specimen to Cuvier’s species 

Mastodon angustidens. Thus it was a long time before the real and 

profound specific and generic separation of Kaup’s type (of the 

Lower Pliocene of Eppelsheim) from Cuvier’s type (of the Middle 

Miocene of Simorre) was recognized. We probably owe to Fal- 

coner, 1868, the first clear recognition of the tetralophodont stage 

of the intermediate molars. 

Synonyms or T. LONGIROsTRIS.—In the meantime Kaup dis- 

covered in Eppelsheim a beautifully preserved and unworn third 
upper molar tooth of the right side which he (Kaup and Scholl, 
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Fig. 314. Type r.M® of Mastodon grandis Kaup and Scholl, 1834. After Kaup, 

1835, Pl. xvmt, fig. 9, one-half natural size, reduced to one-third natural size in 

From Eppelsheim, Germany. Original in Darmstadt 

Museum; cast Darmstadt Mus. 161, Amer. Mus. 10481. Diameters 22498. 

the present Memoir. 

PROBOSCIDEA 

use consists of the second upper and lower incisors and of the 

second and third upper and lower molars, or six teeth in all; 

fourth milk premolars (see Fig. 304=414 ridge-crests) also second 

\ upper and lower ‘intermediate molars’ with four transverse crests; 

\ upper and lower molars with internal and external trefoils more 
or less fully developed. 

Speciric CHARACTERS OF T. LONGIROSTRIS.—The tetartoloph 

sy in M? is narrower than the tritoloph. M? presents five and a half 

lophs, each loph being divided by a median fissure; trefoils strongly 

developed at the median base of the inner cones and less strongly 

developed at the median base of the outer cones. The third lower 
molars are also five and a half crested with the trefoils more strongly 

developed at the median base of the outer cones; each of the four 

anterior transverse crests terminates in four conelets, except the 

posterior half-crest which terminates in two conelets. The specific 
measurements and proportions are given on the following page. 

A third right upper molar, probably of a large male, of Tetralophodon 

longirostris. 

hexaloph. Molar reversed to show natural position. 

1834) made the type of a new species Mastodon grandis, Kaup’s 

type figure of 1835 being reproduced in facsimile herewith 

(Fig. 314). Kaup also described another specimen 

which he (Kaup and Scholl, 1834) named Mastodon 

dubius, a last upper molar, M?’, ap. 144 mm., tr. 69 

mm. (cast Darmstadt Mus. 178) and figured in 1835, 

Tab. xvin, fig. 1. Subsequently he recognized that 

both M. grandis and M. dubius belonged to his previ- 

ously named species Mastodon longirostris. 

Of these specimens Kaup (1835, p. 77) remarks: 

“Jai fait cette distinction dans la seconde édition 

de mon Catalogue des plAtres, et j’ai donné le nom 

de Mastodon dubius 4 celui dont les dents étaient 

plus petites et dont la molaire inférieure corres- 

pondait avec ces dents, et de Mastodon grandis A 

celui qui avait les dents de fig. 9. avec les corres- 
pondantes.” The latter is a third upper molar, MS, of 

a large male example of 7’. longirostris, and this 

specimen is figured by Kaup himself (1835) on PI. 
xvi, fig. 9, as M. longirostris. 

REFERRED SPECIMENS.—Besides these two syn- 

onymous type specimens, Kaup in his important 

work of 1835 reproduced a beautiful figure of a 

referred palate and superior dentition together with 

an elongated and edentulous rostrum. In the fac- 

simile reproduction of this palate (Fig. 315) the ros- 
trum is omitted; its palatal aspect should be taken 
from Kaup’s original plate (1835, Pl. xv1, fig. 5). 
The same palate and rostrum form the basis of 
Kaup’s restoration of the skull (Fig. 313) as repro- 
duced from Owen. 

Generic CHARACTERS (GreNoTyPE Mastropon 
LONGIROSTRIS).—The generic characters deduced 
from these specimens of Tetralophodon longirostris 
are the following: 

Adult dental formula: I2-Ib, M'-M, (juv.), 

M?-M2, M’-M;. The adult dentition in functional 

Five and a half crests and a very rudimentary hexalophid. 

Observe double trefoils on proto- and metalophs, quadruple conelets on 

Fig. 315. Kaup’s original figure of referred palate and superior dentition of ‘Mastodon’ longi- 
rostris Kaup, one-third natural size. After Kaup, 1835, Pl. xvr, fig.5. Cast Amer. Mus. 10470. 
Observe double conelets on hexaloph. 

In reproducing this referred palate, the anterior part of the skull, as represented by Kaup, 
has been cut off. This is the same specimen as the skull which is reproduced in lateral view in 
figure 313, namely, after Kaup, 1835, Pl. xxx, fig. 1, and Owen, 1846, fig. 96. 
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ap. tr. I F 
Referred palate of T. longirostris M? 133 81 66 M* 196 89 re 

{ Type lower molars of 7’. longirostris M, 138 67 49 M; 189 70 37 
Type of Mastodon grandis M, nee Sape span M? 224 98 44 

The observations and measurements of the type and referred 
teeth may be verified from excellent casts in the British Museum 
and in the American Museum (Amer. Mus. 10465 and 10470). 

campester of the Lower Pliocene of Kansas. In figure 331 we 
reproduce side by side, to the same scale, the type of Tetralopho- 
don longirostris and the type of T’. campester. 

renee, 

ALi 1/12 nat. size 

es - 
” ~~ m. ¢ =. *s . . 

- ot 

T. tongirostris 
Amer. Mus. 10665 

Cast of Type 
T. giganteus 

Amer. Mus. 17359 Type 
Phiomia osborni tus 

Amer. Mus. 12468 Type 

Fig. 316. Kaup’s type jaw (D) of Tetralophodon longirostris compared with Phiomia (A), Serridentinus (B), Trilophodon (C), and Tetralophodon 

campester (E). All to the same scale of one-twelfth natural size. 

; Genus 

Tetralophodon Medilongirostrine. 
Tetralophodon Medilongirostrine. 
Trilophodon Hyperlongirostrine. 
Serridentinus Medilongirostrine. 

? Phiomia Medilongirostrine. 

S. produ T. pester 
Amer. fos. 10582 Ret Amer. Mus. 6527 Type 

SPECIES 

Tetralophodon longirostris type jaw (after cast Amer. Mus. 10465). 
Tetralophodon campester type jaw (Amer. Mus. Cope Coll. 8527) 
Trilophodon giganteus type jaw (Amer. Mus. 17359). 

Serridentinus productus ref. (Amer. Mus. 10582). 
Phiomia osborni type jaw (Amer. Mus. 13468). >wany = 

It is very important that we compare this classic species in detail 
with some of the related forms, such as Tetralophodon grandincisivus 
of the Lower Pliocene of Maragha, Persia, which seems to be some- 
what more primitive than 7’. longirostris; or with Tetralophodon 

falconeri of the Middle Pliocene of India, which also seems to be 

more primitive; or with the more progressive species T'etralophodon 

MeEpILoNGrrosTRAL JAw Srructure.—A third reason given 

above why Tetralophodon longirostris cannot be considered a 

descendant of the true Trilophodon angustidens phylum is that while 

Kaup was so much impressed with its length of jaw that he gave 

it the specific name longirostris, it is none the less medilongt 

when compared with members of the subfamily Longirostrine. Its 
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actual inferiority in size and in length of jaw is well illustrated in 

comparative figure 316 above. 

The principle of adaptive radiation to different habitats and 

modes of feeding seems to be at work in producing these medi- 

longirostral and hyperlongirostral forms of jaw. It was possible 

for the Trilophodon giganteus jaw to reach the ground and to serve 

in uprooting tubers and other plants; it does not seem possible 

that the Tetralophodon longirostris jaw reached the ground. By 

way of compensation, however, the grinding teeth of Tetralophodon 

contain more crests within the same linear space and are more 

complicated in coronal pattern. Combining Me, Ms, we count seven 

and a half to eight crests with single trefoils in T’rzlophodon gigan- 

teus; in the same linear space, we count ten full crests in Tetra- 

lophodon longirostris, with double trefoils. This superior com- 

plex molar structure may compensate for the abbreviation of the 

jaw of 7’. longirostris. 
Mepiuonairostrines (W. D. Martrurw, SEPTEMBER, 

1920; Munich Musrum).—In the Munich Museum is a very 

large tetralophodont mastodon with four crested Mz from the 

Upper (?) Miocene, Schénnbrunn, Oberbayern. Four very distinct 

crests and a small heel on Msg, five crests on M;; trefoils well marked; 

front of jaw and lower tusks just as in M.[=Turicius] turicensis. It 

is labeled M. turicensis, but is more probably Tetralophodon longi- 
rostris. [This specimen, mistakenly labeled ‘‘M. turicensis,”’ be- 

longs in the Tetralophodontine. H. F. O.] 
ScHLESINGER, 1922, pp. 44-60.—The student of Tetralophodon 

longirostris is referred to Schlesinger’s description of a young 

individual from the Upper Pontian bone beds of Baltavar, Hun- 

gary, displaying the milk dentition (op. czt., 1922, Taf. vit, fig. 7), 

of a second lower molar, r.M2 (Taf. vit, fig. 5), also of a 

tetralophodont first lower molar, 1.M, (Taf. vin, fig. 9). 

In his detailed description of this Lower Pliocene species 

(T. longirostris), as represented in the Vienna and Budapest collec- 

tions, Schlesinger (1922, p. 44) treats this animal as a descendant 

of ‘Mastodon angustidens,’ e.g., Mastodon (Bunolophodon) 

angustidens Cuvier, 

longirostris Kaup 
and as ancestral to various transition forms 

longirostris Kaup 

arvernensis Cr. and Job. 

This phylogenetic theory of Schlesinger is not accepted by Osborn in 

the present Memoir, because: (1) It is observed that Trilophodon 

angustidens belongs to the excessively long-jawed Longirostrine 

which terminate in the Upper Miocene and the Pliocene of America; 

(2) the medilongirostral Tetralophodon longirostris has its own 

descendants in the tetralophodont species of America; (3) the 

Anancus arvernensis springs not from Tetralophodon longirostris but 

from Mio-Pliocene ancestors in India, e.g., Anancus properimensis. 

to ‘M. arvernensis,’ e.g., Mastodon 

Tetralophodon grandincisivus Schlesinger, 1917 

Figures 317, 318, 320, 321 

Lower (?) Pliocene of Maragha, Persia, geologic age regarded as similar 
to that of Eppelsheim, Pikermi, and Samos. 

Gro.ocic Rancu.—This animal is more primitive than Tetra- 
lophodon longirostris. It appears from a brief study of this 
specific stage, very fully treated in Schlesinger’s great memoir of 
1922, pp. 217-219, also Taf. 1, that the author regards the geologic 
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range of this species as extending from the type locality of Maragha, 
Persia, on the east, to Austria and Hungary, on the west. It will 

be necessary before the species can be fully defined to secure more 

material from the type locality of Maragha. 

ScHLESINGER, 1917-1922.—The discovery and description by 

Schlesinger of this important specimen greatly enriches our knowl- 

edge of the genus Tetralophodon. The type incisor (Fig. 317) from 

Persia and [paratype, Osborn] molar (Fig. 318) from Austria of this 

giant form indicate an affinity to the Medilongirostrines and the 

species may be provisionally termed Tetralophodon grandincisivus. 

As described by Schlesinger, the lower tusks are partly surrounded 

by enamel; the paratype third superior molars exhibit indications 
of the valleys being invaded by accessory trefoils which will 

become more apparent when worn. The five and a half crested 

M3, supplemented by the six erested Ms; shown in Schlesinger’s 

reconstruction (Fig. 320), leads us to expect that M?-Mb will prove 

to be four crested, hence in the Tetralophodon stage, as implied 
also by Schlesinger’s comparison of this animal with Tetralophodon 

longirostris. 

Type oF TETRALOPHODON GRANDINCISIVUS 

Fig. 317. Extremity of type lower tusk of Mastodon (Bunolophodon) 

grandincisivum Schlesinger, 1917, left Iz, from the inner side. Type loc.: 

Maragha, Persia. Pliocene. Collection of Royal Museum of Vienna (Natur- 

historische Staatsmuseum) No. XII.6, 1893. After photograph loaned by 

Doctor Schlesinger. Reproduced one-fourth natural size. Compare Schle- 

singer, 1917, Taf. xxxrv, fig. 1. Observe enamel and attrition. 

Schlesinger’s reconstruction of the skull and lower jaws (Fig. 
320) represents an animal in an evolutionary stage which reminds 
us of both Tetralophodon longirostris and T. campester, as shown in 

our combined figure of these two types (Fig. 331). 
Mastodon (Bunolophodon)  grandincisivuum Schlesinger, 

1917. “Die Mastodonten des K. K. Naturhistorischen Hof- 

museums.” Denk. K. K. Naturhist. Hofmuseums, Band I, 1917, 

p. 119. Typr.—A left inferior incisor, Iz, Taf. xxxrv, figs. 1 

and 2, from Maragha, Persia. [Paratypes, Osborn] Two gigantic 

molars (M? right and M® left) from Mannersdorf near Angern, 

Austria, Taf. xv, figs. 1 and 2. Regarded as of Lower Pliocene age. 

M. grandincisivus was a giant in the strictest sense, but inferior 

in size to Deinotherium gigantissimum. Schlesinger observes 

(1917, p. 227): “In unseren Breiten stand die Entwicklung mit M. 
longirostre nicht still. Aus den Ubergangstypen von M. angustidens 

her hatte sich—offenbar im Unterplioziin—eine Form mit tetra- 
lophodonten, stark longzrostre-abnlichen Molaren abgespalten, die, 

im Gegensatze zur Entwicklungsrichtung des M. longirostre, die 

unteren Stosszihne zu einer michtigen Schaufel entfaltete; M. 

grandincisiveum n. sp. Es erreichte noch im Unterpliozin gigan- 
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tische Grésse und scheint seine Schwesterform auf ihrem Wander- 

wege zum Teil begleitet zu haben. Die bisher bekannten Fund- 

punkte, Niederésterreich. Ungarn und Persien (Maragha), deuten 

darauf hin.” 
TYPE AND PARATYPE CHARACTERS.—It is important to observe 

that the specific name grandincisivus applies to the giant lower 

incisor tooth, as reproduced in figure 317. This tooth is beveled 
on its inferior surface at the extremity and the enamel band is 

apparently thickened or not conspicuous below. It is also im- 
portant to observe that the paratype reproduced in figure 318 is 

not from Maragha but from Lower Austria; consequently there is 

considerable doubt whether the paratype belongs to the same 
specific stage as the type. Schlesinger, however, figures (1917, fig. 5) 
a juvenile skull from Maragha, in palatal view, which he refers to 

[Paratype Osporn] Lerr M® or TeTRALOPHODON GRANDINCISIVUS 

Fig. 318 

Fig. 318. One of the [paratypes, Osborn] of Mastodon grandincisivum Schlesinger, M’, left side. 
From Mannersdorf near Angern, Lower Austria. Collection of Royal Museum of Vienna (Naturhis- 

Reproduced one-half 

Observe multiple conelets on ridge-crests. 

Referred skull of young Tetralophodon longirostris from Maragha, Persia, described 
by Schlesinger, 1917, p. 80, fig. 5, as follows: ‘‘Schiidel von Mastodon (Bunolophodon) longirostre 

Ansicht von unten; rekonstruiert iiber dem Rest von Maragha. 

Horizont: 

torische Staatsmuseum). After photograph loaned by Doctor Schlesinger. 

natural size. Compare Schlesinger, 1917, Taf. xv, fig. 2. 

Fig. 319. 

Kaup (junges Tier). 
des Originals ist durch eine stirkere Grenzlinie gekennzeichnet. 

Wiedergabe: }; natiirl. Grésse.” 
Compare M® of Tetralophodon punjabiensis (Fig. 325, p. 365). 

Mastodon longirostre, his figure being reproduced herewith (Fig. 319). 

This juvenile skull is difficult of specific reference but it tends to con- 
firm the presence in Maragha of animals in the Tetralophodon stage. 

Finally we are indebted to the same author (1922) for a 

reconstruction of the skull and jaws (Fig. 320) of the species 

grandincisivus, based on materials gathered from Pestszentlérinez, 
Hungary. In this reconstruction of Mastodon (Bunolophodon) 

grandincisivus the most marked distinction from the Tetralophodon 

longirostris stage is the fact that in the adult condition the grinding 

teeth are reduced to the third molars above and below. The 
inferior molars in this reconstruction appear to be six crested. In 
the paratype grinders of the same species from Mannersdorf, 

Austria (Fig. 318), the inferior molars are five and a half crested. 

ScuiesincerR, 1922, p. 7.—“Der weitaus hervorragendste 

Rest unter den Mastodonten der Budapester Sammlungen ge- 

hért dem in meiner Monographie [Footnote: ‘G. Schlesinger: 
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Mastodonten d. Hofmuseums (L.-V. [Literaturverzeichnis] 27) 
S. 119 ff. Taf. xxv u. xxxrv.’] auf Grund mehrerer Molaren und 
eines Inzisors neu aufgestellten M. grandincisivus an. Der Fund 
bildet ein Unikum der Sammlung der ungarischen geologischen 
Reichsanstalt und wurde in der Souheitlschen Ziegelei in Pest- 
szentlérinez, siidéstlich von Budapest, aus Tonen gehoben, welche 
der mittelpontischen Stufe (nach v. Halavats) angehoren. I. 
Lérenthey [Footnote: ‘I. Lérenthey: Stratigraphie d. Tertiarbild- 
ungen v. Budapest. (L.-V. 20) S. 355.’] fasst sie als Basis seines 
oberen Pannonikums auf, [Footnote: ‘Ich kann mich nicht ent- 
schliessen von der eingebiirgerten Bezeichnung ‘Pontische Stufe’ 
abzugehen.’] das er entgegen Gy. v. Halavts ungeteilt dem 
unteren(Lyrcaea-Horizont = pontische Stufe des Wiener Beckens) 
gegeniiberstellt.”’ 

REFERRED TETRALOPHODN LONGIROSTRIS 

Die Fliche 

Unteres Plioziin. 

ScHLESINGER, 1922, pp. 154-167.—Schlesinger continues 

with a detailed comparison of the superior and inferior milk molars 

with those of ‘Mastodon’ angustidens, ‘M.’ longirostris, and ‘M.’ 

arvernensis grinding teeth (pp. 154-162). He concludes (p. 163) 
that ‘Mastodon’ grandincisivus should be reckoned with the 

tetralophodont ‘Mastodon’ longirostris and ‘M.’ arvernensis. He 

gives as special characters of the grinding teeth of ‘M.’ grandin- 

cisivus the following (Schlesinger, 1922, p. 165 and p. 167): “ Mo- 

laren stets von riesigen Dimensionen, Sperrhécker auch an der post- 

triten Seite entfaltet, an der pritriten vorne und hinten gleich- 

stark, Tiler missig weit M. grandinctsivus Schles. . . . Molaren 

von ausserordentlichen Dimensionen, mit 5X—6 Jochen; Tiler 

weiter als bei M. longirostris, Halbteile pfeilférmig gegeneinander- 

strebend (insbesondere vom 3. Joch an). Sperrhéckerbildung so- 

wohl prii- wie posttriterseits stark (namentlich an den hinteren 

Jochen) und kriftiger an den Riick- als Vorderseiten (entgegen M. 
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longirostris). Zement in den Taltiefen reichlich, die Joche oft zum 

Teil verhiillend. . . . M. grandincisivus Schles.”’ 

Summary oF CHARACTERS OF ‘MASTODON’ GRANDINCISIVUS.— 

(Schlesinger, 1922, p. 259): ‘2. Reihe M. angustidens > M. 

grandincisivus: a) Verkiirzung des Schidels, Erhéhung des Domes. 

b) Exzessives Auswachsen der Mandibelsymphyse. c) Schmelz- 

bandverlust der 72. d) Streckung der J? zur Lyraform. e) Exzes- 

sive Entfaltung der Jz. f) Reduktion der Molarenzahl. g) Joch- 

vermehrung zur Tetralophodontie. fh) Priémolarenschwund. 2) 

Reduktion des Sperrhéckers an der Riickwand der hinteren Joche.”’ 

Tetralophodon gigantorostris Klihn, 1922 

Kahn (1922, p. 87) described without figure a lower jaw from 

Bermersheim, Germany, in the Mainz Museum which he named 

Mastodon gigantorostris. A brief résumé of this species appears 

in Chapter VIII, p. 282, of the present Memoir, under the heading 

“Miocene and Pliocene Mastodonts of Baden 
and Rheinhessen, Klahn, 1922.” 

RECONSTRUCTION OF REFERRED SKULL AND JAWS OF TETRALOPHODON 

(TRILOPHODON?) GRANDINCISIVUS 

Fig. 320. Reconstruction of adult male Mastodon (Bunolophodon) grandin- 
cisivus Schlesinger. 

west. 

Tetralophodon punjabiensis Lydekker, 1886 

Figures 306, 308C, 322-325, 329, and 338 

Punjab, Dhok Pathan horizon, Siwaliks, India = Middle Pliocene. Com- 
pare Tetralophodon falconeri above. 

This Middle Pliocene stage of Dhok Pathan is similar in molar 
evolution to Tetralophodon longirostris of Eppelsheim and T. cam- 
pester of Kansas, as confirmed by the recent discovery of the com- 
plete cranium described and figured below. Thus we may revise 
the original and the more recent descriptions of Lydekker and of 
Pilgrim. 

GroLocic LeveL.—(Hopwood, letter, 1932) The type of 
Tetralophodon (Lydekkeria) falconeri is of Middle Pliocene (Dhok 

After Schlesinger, 1922, Taf. 1: “Figur 1: Rekonstruktion 
des Schidels samt Unterkiefer von der Seite, auf Grund der Reste von 

Pestszentlorinez. Figur 2: Rekonstruktion des Unterkiefers von oben gesehen.”’ 

It appears from this reconstruction that Schlesinger regards the geographic range 

of this species as extending from Maragha, Persia, on the east, to Hungary on the 
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Pathan) age, the cotypes of T. punjabiensis (Dhok Pathan 

horizon) are also of Middle Pliocene age. One may first quote 

Pilgrim’s observation (1913, p. 293) that the affinity between T. 

punjabiensis of the Dhok Pathan and T’. longirostris of Eppelsheim is 
close: . . . “the tetralophodont type seen at Pikermi in Tetrabelodon 
longirostris is also represented in the Dhok Pathan zone by a species 

which we may know by Lydekker’s name of T. punjabiensis. That 

it had an elongated symphysis is certain, although it seems likely 

that only the males were provided with lower tusks. The affinity 

between 7’. punjabiensis and T’. longirostris is very close.” 

Mate Lower Tusks.—We may connect Pilgrim’s observation 

as to the probable absence of lower tusks in females with that of 
Lydekker when he remarks on the absence of lower tusks in the Mid- 

dle Pliocene Tetralophodon (Lydekkeria) falconeri described above. 

Coryprs.—Lydekker designated his cotypes as follows 

(Lydekker, ‘Catalogue of the Fossil Mammalia in the British 

Fig. 321, Referred superior and inferior grinders, M°-Ms3, of Tetralo- 

phodon grandincisivus (?) from Pestszentlérincz, Komitat Pest, Hungary, 

after Schlesinger, 1922, Taf. rv, figs. 1 and 3, one-fourth natural size. 

Compare figure 310, Tetralophodon (Lydekkeria) (?)falconert. 

This specific reference is doubtful (compare M¥®, this figure, and M* 
paratype, Fig. 318). We observe fewer ridge-crests $i, also a relatively 

feeble development of the double trefoils, e.g., in the tetartolophid of 

M3. | These molars with single trefoils appear to belong to a much more 

primitive stage of Tetralophodon than T. grandincisivus, namely, similar 

to T. (Lydekkeria) sinensis (Fig. 311), or Trilophodon sp. 

Museum,” 1886, p. 60): ‘Mastodon punjabiensis, Lydekker, n. sp. 

The specimens [Footnote: ‘All the specimens from the Punjab 

included under M. perimensis in the Cat. Siwalik Vert. Ind. Mus. 

Calcutta, pt. i. pp. 97-99 (1885).’] on which this species is founded 

were originally referred to M. perimensis, while one of them was 

subsequently classed with M. cautleyi.” 

LectotyPr, OsBorn, 1923: We may select as the most 

recognizable of these cotypes a third inferior molar of the left side, 

1.Ms, the specimen first mentioned [as an upper true molar, M®*] in 

Lydekker’s description, namely, (op. cit., p. 60): ‘‘M.2855. Cast 

of the third left upper true molar, in an early stage of wear. The 

original was obtained from the Pliocene Siwaliks of the Punjab, 
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and is preserved in the Indian Museum, Caleutta (No. A.46); it is 
figured by the present writer in the ‘Palwontologia Indica,’ ser. 10, 
vol. 2. pl. alii. (as M. perimensis). Its dimensions are 0,242 

0,093; it differs widely from the corresponding tooth of M. peri- 
mensis (No. 40679), and still more from that of M. cautleyi (No. 

M. 2705); there are five ridges and a very narrow hind talon, con- 

sisting of three large columns, which are not arranged in a trans- 
verse line. Made in the Museum, 1886.”’ In the American Museum 

the cast of this cotype bears the number 14283. 

Cotyrr Sprcimens.—The other specimens clearly designated 
by Lydekker (1886.1, p. 60) are: Brit. Mus. 3428, fragment of a 
left maxilla; Brit. Mus. 3427, cast of a second left lower true molar. 

According to Pilgrim (see Fig.413, Vol. I, and Table, Vol. I), speci- 
mens which may be referred to 7’. punjabiensis occur also in the 

Osporn’s Lecrotypr oF TETRALOPHODON PUNJABIENSIS 

Fig. 322. One of the cotypes, l.M3 (=lectotype) of Mastodon punjabiensis Lydekker, 1886, 

p. 60, originally figured as Mastodon (Tetralophodon) perimensis (Ind. Mus. A.46). After Lydekker, 

1880, Pl. xx11, one-half natural size. From the Dhok Pathan, India. 
Lydekker erroneously (op. cit., Pl. xm) describes this five and a half crested type as a 

“Third left upper true molar; from the Punjab: drawn of the natural size, and viewed from the 
inner side.’”’ Its long narrow proportions (as compared with Mg; in M. longirostris) suggest that it is 
a third left lower true molar. Casts: Brit. Mus. M. 2855; Amer. Mus. 14283. 

New figure of lectotype, 1.M3, of Mastodon [= Tetralophodon) punjabiensis. 

A, Crown view of third left inferior molar, showing incipient double trefoils in protolophid 

Fig. 323. 

and metalophid. 
Al, External view of same molar, with five and a half plus crests. 

A2, Internal view of same molar exhibiting five and a half plus crests and double trefoils 

in the two anterior valleys. 

Salt Range, Middle Siwaliks, of Middle Pliocene age. 
Speciric Cuaracters.—Lydekker (1886.1, p. 60) observes: 

“The cheek-teeth are narrow, and have no appreciable amount of 
cement, the last true molar being still more elongated than in M. 

perimensis. There is no distinctly alternate arrangement of the 
columns, which are very tall and of great antero-posterior thickness. 
. . . The species appears to be a more specialized form allied to M. 
longirostris. . . . Its dimensions are 0,242 0,093; it differs widely 

from the corresponding tooth of M. perimensis (No. 40679), and 
still more from that of M. cautleyi (No. M.2705); there are five 

ridges and a very narrow hind talon, consisting of three large 

columns, which are not arranged in a transverse line.”’ 

Unfortunately the specific characters assigned by Lydekker 
were given under the belief that the third molar belonged in the 

upper jaw. Consequently these characters should be corrected by 

the specific characters of Osborn, 1923, as given below. 
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Speciric CHaracters (Osporn, 1923).—The measurements 
of Ms; (ap. 242, tr. 93, index 38) should be compared with those of 
the five and a half crested type of Tetralophodon longirostris (ap. 

189, tr. 70, index 37), also with those of the Lower Pliocene species 

of America, Tetralophodon campester, in which the measurements 

of M; are: ap. 195, tr. 80, index 41. We conclude that the third 

lower molar of 7’. punjaensis is relatively longer and narrower 

than that of 7. longirostris; in these proportions it also exceeds 

in narrowness the corresponding tooth of the American tetra- 

lophodont T. campester (see Fig. 308 D); it agrees with 7. 

campester in the presence of five and a half plus crests, although 

in T’. campester there is a rudimentary sixth (}) crest in front of the 

protolophid; it differs from 7’. campester in the small amount of 

cement in the valleys. 

T. punjabiensis 
Ind. Mus. A. 46 Type 

Drawn from cast 
of type Amer, Mus. 14283 

Fig. 323 

REFERRED CRANIUM OF TETRALOPHODON PUNJABIENSIS 

See Figures 306 and 324 

Approximately 500 feet below the summit of the Middle Siwaliks, Middle 

Pliocene, discovered three miles west of Dhok Pathan on the same geologic 

level as the Hipparion punjabiense ref. quarry, also on the same level as the 
cranium of Synconolophus dhokpathanensis. 

This unique cranium, with superior dentition, enables us to 

thoroughly establish the generic and specific characters of the 
Dhok Pathan stage of Mastodon [=Tetralophodon| punjabiensis 

Lyd. The measurements of M* are 209 mm. X 96 mm., as com- 

pared with 242 mm. X 93 mm., Lydekker’s measurements of the 

type Ms; of Tetralophodon punjabiensis (Figs. 322 and 323). 

Especially important is the enamel band of the superior tusks which 
is wanting in the contemporaneous Synconolophus dhokpathanensis. 

Approximately 500 feet below the summit of the Middle 
Siwaliks, Barnum Brown discovered in 1922 this superb skull of 
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Tetralophodon punjabiensis (Amer. Mus. 19686, Field No. 42), 

as well shown in five aspects in figure 324 (A, lateral, Al, palatal, 

A2, superior, A3, occipital, and A4, lateral view of r.M*). This 

cranium is an unmistakable Tetralophodon, with an apparent ridge- 

crest formula of M 2*““ M3 2~*, and with cement in the valleys 

(dotted areas in Fig. 324, Al, A4). The second superior molars are 

well worn, with four ridge-crests clearly indicated and a rudiment 

of a fifth, ie., 4; on the right and left superior grinders single 

internal trefoils appear in the form of median conules, rudiments of 

external trefoils are seen on the protoloph and metaloph. The lophs 

are elevated or subhypsodont, as in the lectotype of Mastodon 

[= Tetralophodon] punjabiensis Lydekker (Figs. 322, 323), in which 

also strong ezternal trefoils appear on all the ridge-crests, while 

internal trefoils are rudimentary on the protoloph and metaloph. 

As characteristic of Tetralophodon, both superior molars (Figs. 

306, 324 Al, 325) narrow posteriorly, but the third inferior 

molars have a higher ridge-crest formula, namely; referred M 32%, 

type M 3zan5, Le., rudiment of a heptalophid (see Fig. 323). A 

lateral enamel band appears at the tip of the left tusk (Fig. 324A). 

The cranium in lateral view shows a more rounded temporal re- 

gion than that of Tetralophodon grandincisivus (Fig. 320, after 

Schlesinger). The contracted palate (Fig. 324 Al), with posterior 

nares directly opposite the pentaloph (5) of M’, is totally different 

in position from the elongated palate and backwardly placed narial 
opening of the cranium of Synconolophus dhokpathanensis (Fig. 
630 Al). 

Osborn, 1927: Our conclusion is that Tetralophodon punjabiensis 

of the Middle Pliocene of India is in the same evolutionary stage 
as T’. campester of the Lower Pliocene of Kansas but is distinguished 
from it by the more elongate third inferior molar teeth. 

TETRALOPHODON PUNJABIENSIS 

Amer. tus (9686 ref 
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Tes a po eee bps atets referred cranium (Amer. Mus. 19686), discovered by Barnum Brown three miles west of Dhok Pathan, approxi- 
ci ae ‘ summit of the Middle Siwaliks, Middle Pliocene, on the same geologic level as the Hipparion punjabiense ref. quarry, also on the 

é level as the cranium of Synconolophus dhokpathanensis. Compare Tetralophodon grandincisivus (Fig. 320) 
A-A3, Four views of cranium, one-twelfth natural size. A4, Third superior molar, one-fourth jnatural As 



7. TETRALOPHODON FROM JAVA 

Tetralophodon bumiajuensis van der Maarel, 1932 

Figures 326, 327 

From Bumiaju, central Java. 

The discovery (van der Maarel, 1932) of a Tetralophodon in 

the Pliocene of Java is singularly welcome, especially in a horizon 

which was said to contain a primitive elephant resembling (?) Archi- 

diskodon planifrons (van der Maarel, 1932, p. 3, h, and i, also PI. 
xv, figs. 5,6, and Pl. xvi, figs. 1, 2); the 1.Ms resembles Palzxo- 

loxodon rather than Archidiskodon. In its dental evolution (Fig. 
326) and in the size and indices of the molars Tetralophodon bumia- 
juensis resembles the type of Tetralophodon longirostris (ap. 189 
mm., tr. 70mm., I. 37), rather than the lectotype of T. punjabiensis 

(ap. 242 mm., tr. 93 mm., I. 38—see Fig. 322); it is relatively 
brachyodont. 

Tetralophodon bumiajuensis van der Maarel, 1932. ‘‘Contribu- 
tion to the Knowledge of the Fossil Mammalian Fauna of Java,” 
pp. 2, 3, 108-121. Typr.—Fragmentary right mandibular 

ramus with M; in situ (Pl. vit, fig. 2, Pl. rx, fig. 3, and text figs. 

17, 18), from Bumiaju, Excavation 8; fragmentary upper jaw with 
injured left and right M® in situ (PI. rx, figs. 1, 2, and text fig. 19), 

from Bumiaju, Excavation 1+ at Kali Glagah; also fragment of 

cranium with left and right M®* in situ (Pl. vin, fig. 1, Pl. x, figs. 
2, 3, and text figs. 20, 21) with detached upper incisive tusk prob- 
ably belonging to the same individual (PI. x, fig. 1) from Bumiaju, 
Excavation 14 at Kali Glagah. All specimens, including limb 
bones and pelvis, now in the collections of the Geological Survey at 
Bandung, Java. Cast of typer.M; (Amer. Mus. 26976). Hortr- 
ZON AND LocaLity.—From Bumiaju, central Java. Pliocene. 

Upper Puiocenr Acr.—Van der Maarel states on page 197 
(op. cit., 1932) that ‘“‘The Bumiaju fauna does not contain recent 

forms; the Trinil fauna does. . . . In the Bumiaju beds a very 

primitive species of Elephas (A. planifrons) has been found; in the 

Trinil beds it is absent.” (P. 198) ‘“‘The Bumiaju specimens are 
always well fossilized; in the Trinil specimens the state of fossiliza- 

tion is in some cases far less progressed. . . . The Bumiaju beds 
are considerably more folded than in the Trinil beds.” 

(P. 199) “Summary. 1. The Bumiaju fauna is older than the 
Trinil fauna. 2. The Trinil fauna is certainly of pleistocene age 
more particularly either Lower or Middle Pleistocene, but not 

Upper Pleistocene. 3. Accordingly the Bumiaju fauna is of upper 

pliocene or lower pleistocene age.” 
Speciric CuHaracters.—(Cf. van der Maarel, op. cil., pp. 

108-121) Tetralophodon bumiajuensis is founded on a male cranium, 
jaw, and tusks. Third right inferior molar, r.M;, with prominent 

ectotrefoils, no entotrefoils, five transverse ridge-crests, a fore- 

and-aft talon, three anterior ridge-crests of approximately equal 
width; length 180 mm., breadth 70e mm., index 39e, pentalophid 

bearing four conelets, hexalophid low, rudimentary, consisting of 
three conelets. Fractured palatal cranium (PI. vi, fig. 1), with 

right and left third superior molars; upcurved incisive tusks; |. M® 
much worn, with 5% ridge-crests, length 170 mm., crown narrowing 

posteriorly, pentaloph small and narrow, hexaloph with two cones. 

Inferior incisors absent. 
Osborn, 1932: As shown in the comparative table of measure- 

ments and indices of the present Memoir (p. 351), the grinding 

teeth measurements are inferior in size to those of Tetralophodon 
punjabiensis of India, approaching more nearly those of the 7. 
longirostris of Germany. The third lower molar of 7. bumiajuensis 

Pliocene. 

bears 54 ridge-crests; it is in about the same stage of loph and 

conelet evolution as the 1.M; of the Lower Pliocene 7’. punjabiensis 
of India (see Fig. 308C). It is more progressive than the r.M; in 

T. longirostris (see Fig. 308A). 
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Tetralophodon campester. 

Amer Mus. 8527 ee 
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Tetralophodon puryabiensis ref _ ee N 

Amer Mus. 19686 j i 7 
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TETRALOPHODON CAMPESTER AND T. PUNJABIENSIS. CONTRASTS Fig. 325. 
AND Resempiances. Compare Figures 308, 329 

About one-half natural size 
Tetralophodon campester (Amer. Mus. Cope Coll. 8527) is slightly more 

hypsodont than 7’. punjabiensis (Amer. Mus. 19686); both grinders are 5)5-6 

ridge-crested or hexalophoid, the 7. campester type showing the rudiment of a 

heptaloph (4). In 7’. campester (Fig. 331 Al) prominent ecto- and entotre- 

foils appear on both the proto- and metalophs. 
Tetralophodon punjabiensis: The transverse crests represent a type more 

zygodont than 7’, campester, in the absence of entotrefoils excepting on M', M*; 

moreover the triangular form of 1.M* and the three anterior crests, proto-, 

meta-, and tritolophs, suggest a resemblance to Stegolophodon cautleyi (cf. Pl. 

rv H) rather than to 7’. campester. 
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Type or TETRALOPHODON BUMIAJUENSIS VAN DER MAarEL, 1932 

Fig. 326. Type cranium, jaw, and five to six ridge-crested grinders of T'etralophodon bumiajuensis van der Maarel, 1932, Pl. vin, figs. 1, 2, and PI. rx, 

figs. 1, 2, 3. 

(Upper left) Palate preserving M® with 54 ridge-crests. About one-fifth natural size. 

(Lower left) Mandible preserving M; with 5+ ridge-crests. About one-fifth natural size. 

(Upper right) Fragment of right third superior molar, with double trefoils on proto- and metalophs. One-half natural size. 

(Middle right) Lateral view of same showing rather blunted trito-, tetarto-, and pentalophs. One-half natural size. 

(Lower right) Type right third inferior molar (cast Amer. Mus. 26976) showing ectotrefoils on proto- to tetartolophids. One-half natural size. 

These grinders are more progressive than those of Tetralophodon punjabiensis in the presence of ecto- and entotrefoils. In the height of the three to 

four anterior ridge-crests, they are in a stage similar to that of 7. longirostris of Eppelsheim. 

4.) \ SN Fig. 327. Central Java including 

[2 the type horizon of Tetralophodon 
bumiajuensis (16) and the Plio- 
Pleistocene fossil localities of Java. 

Norte (1934): The Kendeng hori- 

zon along the Solo River contains 

the classic Pithecanthropus erectus 

Dubois associated with two species 

of proboscideans, Stegodon airawana 

f oa T and Palzoloxodon hysudrindicus of 
A yEnrjor TR >| Middle Pleistocene age. The 

P Fata oN ® Bumiaju horizon, yielding Tetra- 

} ; lophodon bumiajuensis, appears to 

. O) Semara f 

.~ SEMARANG 
“~~: 

rae.) 
: eoe ee ! ollate be of Middle to Upper Pliocene age 

F © Dj hye SApPanggirens ~. MADIOEN (ef. complete map of Java in Vol. If, 

) © JPIOKIAKART, ; |B Sampoeng Chap. XVI). 
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8. AMERICAN SPECIES OF TETRALOPHODON, OF LOWER TO MIDDLE PLIOCENE AGRE, 

NAMELY, T. CAMPESTER AND T. ELEGANS 

First we may point out (Fig. 329) that the grinders of Tetralophodon become more hypsodont and compli- 

cated than those of Trilophodon (Chap. VIII) or of Serridentinus (Fig. 328A). 

Trilophodon has fewer and simpler crests; Tetralophodon has more numerous and more complex crests; the 

diagram (Fig. 328B) enables us to understand that the mechanical relations of the upper and lower teeth are pro- 

foundly different in the two phyla: Trilophodon maintains more of the chopping motion characteristic of the 

primitive Bunomastodontide; Tetralophodon gradually acquires a grinding motion, hypsodonty, cement, double 

trefoils, and a sublabyrinthine condition of the enamel which reminds us of that in the Humboldtingw. The 

grinding teeth in the brevirostral Stegomastodon, however, are readily distinguished, first, because they possess 

S. serridens 
Amer. Mus. 10673 Re 

' 
{ T. longirostris 
H (upper) Amer, Mus. 10470 Ret. (Cast) 
' ‘lower! Amer, Mus. 10465 

ms (Cast of Type) rn 

1/4 nat. size 

SerRweNTINUS (LEFT) AND TeTRALOPHODON (Ricut) Grinpinc Toor Opposrrion 

Fig. 328. Reciprocal mechanical form of upper and lower grinding teeth. Upper molars (light lines), lower molars (heavy 

lines). After casts of type and referred molars of (A) Serridentinus and (B) Tetralophodon. One-fourth natural size. 

A, Serridentinus serridens ref. (Amer. Mus. 10673), single trefoils on outer side of lower molars (heavy), on inner side of 

upper molars (light). Both M? and Ms¢ trilophodont. 

B, Tetralophodon longirostris Kaup, casts of type and referred molars. 

quadruple trefoils in place of the double trefoils of Tetralophodon, second, because the internal and external cones 

are alternate not opposite, and, third, because the known Stegomastodon molars are much less hypsodont and 

cemented than those of 7. (Morrillia) barbouri. 

) The reciprocal mechanical relations of the upper and lower grinding teeth of Serridentinus and Tetralophodon 

are also clearly illustrated in the diagram (Fig. 328). The upper (light lines) and lower (heavy lines) grinders are 

superposed on each other exactly as they mechanically reciprocate in the grinding motion of the jaws. The 

principle of mechanical reversal in form is maintained throughout, as will be seen by closely comparing part for 

part. The upper teeth are broader and shorter in proportion; the lower teeth are longer and narrower in propor- 

tion. The upper and lower trefoils face each other. 
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Fig. 329. Exrreme Puiocens Evouurion oF TETRALOPHODON Mo.ars (cr. Fia. 308) 

All figures one-fourth natural size 

From the 5'4 ridge-crested Tetralophodon longirostris (A) of the Lower Pliocene of Eppelsheim, 
there is a marked ascent into the somewhat elevated molar crown of 7’. punjabiensis (B) of the Middle 
Pliocene of India, into the still more hypsodont 7’. elegans (C) of the Middle to Upper Pliocene of 

Kansas, and finally into the extremely hypsodont 8}4 ridge-crested 7. (Morrillia) barbouri (D, E) of 

the Middle Pleistocene of Nebraska. This progressive hypsodonty and addition of ridge-crests is 
in marked contrast to the relatively stationary condition of the third molars of Trilophodon. 

E, Tetralophodon precampester type = T’. (M.) barbouri ref. Neb. Mus. Middle Pleistocene 
of Nebraska. 

D, Tetralophodon (Morrillia) barbouri type. Neb. Mus. Middle Pleistocene of Nebraska. 
C, Tetralophodon elegans type. Nat. Mus. Middle to Upper Pliocene of Kansas. 
B, Tetralophodon punjabiensis type. Ind. Mus. Middle Pliocene of India. 
A, Tetralophodon longirostris type. Darmstadt Mus. Lower Pliocene of Eppelsheim. 

The catalogue number should read: A. M. 10465 (cast). 
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THE TETRALOPHODONTIN2®: TETRALOPHODON 

Phylum Trilophodon in America 
Milk premolars and ‘intermediate molars’ trilophodont. 

Third inferior molars originally four and a half crested, 
progressively five and a half crested. 

Central conules between ridge-crests relatively constant. 

Not, so far as we know, encased with cement. 

Persistently brachyodont; summits of crests separate. 

Single trefoils on one side of the upper and lower crowns; 
rudiments of double trefoils only in final stages. 

Lower incisive tusks very prominent, typically prod-like 
secondarily absent. 

, 

See also characters of the Trilophodon phylum enumerated 
above in preceding sections of this chapter, and in Chapter 
VIII. 
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Phylum Tetralophodon in America 
Milk premolars and ‘intermediate molars’ tetralophodont. 
Third inferior molars progressively five and a half crested 

to eight and a third crested; cement early appearing in the 
valleys and rising to the summits of the crowns; progressive 
hypsodonty very marked, crests elongated vertically becom- 
ing closely compressed at the summits and finally attaining a 
parallel columnar form in T. (Morrillia) barbouri; double tre- 
foils becoming more and more distinctly marked until they 
are equal on the inner and outer sides in 7. (M.) barbouri; 
apparently a supplementary anterior crest (ant.) arising in 
T. (M.) barbouri ref. in front of the protoloph; supplementary 
posterior crests arising behind the pentaloph, namely, hexa- 
lopb and heptaloph. Central conules variable. 

Lower incisive tusks variable, or absent(?) in females (7. 
campester). 

The above diagrams (Figs. 282, 308, 329) illustrate clearly the contrasts of Trilophodon with the ascending 
mutations in the American species referred to Serridentinus and Tetralophodon. The phyletic relations of 
Tetralophodon are positively established by the single fully known stage of Tetralophodon campester. The four 
species in America which at present we are inclined to refer to the Tetralophodon phylum are the following 
in ascending order: 

Tetralophodon (Morrillia) barbouri, by far the most progressive, eight ridge-crests. 
Tetralophodon elegans, intermediate. 
Tetralophodon campester, slightly less progressive than T’. elegans. 
Tetralophodon fricki, the least progressive, five ridge-crests. 

Generic Distinctions.—We observe that the ascending series of species of Tetralophodon (Fig. 308), 

namely, 7’. fricki (B), T. campester (D), and T. (Morrillia) barbouri (F, E), may be clearly distinguished from the 

ascending series of species of Serridentinus and of Trilophodon (Fig. 282), namely, Serridentinus productus (A), 

S. progressus (B), and Trilophodon giganteus (C). The differences correspond with those between the phylum 

Tetralophodon and the phylum Trilophodon already pointed out in the above summary. 

Tetralophodon campester Cope, 1878 

Figures 308D, 325, 330, 331, 336, and 349 

Republican River horizon, Sappa Creek, Rawlins County, Kansas, Lower 
Pliocene, probably of somewhat more recent geologic age than Pikermi, 

Eppelsheim, and Maragha. 
Compare Gomphotherium [=Tetralophodon] elegans Hay, 1917 

At present this is the best known species of Tetralophodon in 
America; Cope named it in 1878, and published his type figure of 
the skull and jaws in 1889; the skull and jaws are fully illustrated 

by Cope and Matthew (1915, Pls. cxx—cxxi). It occurs in a late 

stage of Lower Pliocene time, namely, the Pliauchenia-Peraceras 

zone of Osborn which contains Pliohippus nobilis, Protohippus, the 

rhinoceros Peraceras, and the serridentine mastodont known as 
Ocalientinus republicanus. As shown in the accompanying figure 

331, it is decidedly superior in size to Kaup’s type of T'etralophodon 
longirostris, the drawing of which is reversed to bring these two 

specimens close together for comparison. It is also, as pointed out 

by Cope in his type description, closely related to, but more pro- 
gressive than Kaup’s type of 7’. longirostris. The relative measure- 
ments and indices of these two classic species are as follows: 

T. longirostris ref. (cast, Amer. Mus. Warren Coll. 10470) M** 
T. campester type (Amer. Mus. Cope Coll. 8527) Ms 

The inferior molars cannot be directly compared because they 
are not preserved in Cope’s type specimen. 

Cope’s original description in 1878 of this important species is 
as follows: 

Tetralophodon campester Cope. ‘‘Descriptions of New Verte- 

brata from the Upper Tertiary Formations of the West.” Proc. 

Amer. Phil. Soc., Phila., Vol. XVII, 1878, p. 225 (Read December 

21, 1877); Pal. Bull. No. 28, p. 225 (Pub. Jan. 12, 1878). Typr.— 

(Op. cit., p. 225: “The cranium and under jaw, with nearly 

complete dentition, including tusks, of this species, were obtained 

by my assistant, Russell 8. Hill. The animal is mature but not old, 

as the second true (third intermediate) molar is present and much 

worn, and the last molar is worn on its anterior three-fifths.’’ Amer. 

Mus. Cope Coll. 8527. Horizon anv Locatiry.—(Cope, 

1878, p. 227): ‘From the Upper Miocene and Loup Fork horizon 

of Kansas.”’ Republican River beds, Sappa Creek, Rawlins Co., 

Kansas. Lower Pliocene. Type Ficgure.—Cope, Amer. Nat., 

1889, Vol. XXIII, p. 204, Pls. rx, x; Cope and Matthew, U.S. Geol. 

Surv. Monograph Series No. 2, 1915, Pls. cxx, cxxi, CXXI, CXXIII. 

Type Description (cr.Cope, 1878.1, p.226).—1. Third molar 

ap. tr. i; 

196 89 45 
195 80 41 

ap. tr. is 

123 81 66 

118 75 64 

M* 
M* 

=317 M? 
M? 
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[superior] with six transverse crests, and so large a heel that it 

might be described as seven crested. 2. Each crest subtransverse, 

composed of principal outer and smaller intermediate cones in 

close contact. 3. Section by wearing of third and second crests 

is that of two trefoils placed base to base, completely closing the 

valleys. 4. Valleys of other crests closed by one or two median 

tubercles, less distinctly trifoliate in section. 5. Symphysis pro- 

duced without abrupt contraction, channeled above by a narrow 

and deep groove. 6. [?] Supports no tusks, beak slightly decurved. 

7. Superior incisor with broad band of enamel which covers nearly 

one-third the diameter. 8. It is with the 7. longirostris, of Eppels- 

heim and the valley of the Danube, that the closest affinity exists. 

Fig. 330. Type of Tetralophodon campester Cope, 1878, one-eighth natural size. 
and Matthew, 1915, Pl. cxxu: “Part of skull and lower jaw. Type specimen, Amer. Mus. No. 8527, Cope Coll., : 

Fig. 1, side view of skull and jaw restored in outline;”’ ss from Republican River beds, Sappa Creek, Kansas. 

lateral view of upper tusk. Fig. 2, “lower jaw, superior view.” 

In T. campester the symphysis is much more robust, not being 

separated from the rami by any constriction, as in 7. longirostris. 

9. It is, moreover, [?] without [lower] incisive tusks, but this 
character may turn out to be individual or sexual. 10. In molar 
structure there is considerable resemblance to 7’. longirostris, but 
the latter possesses but five crests and a heel on the last molar 
{Faleoner, 1857, p. 330]. 

MEASUREMENTS 

M. 
Length of crown of second true molar..... .......... .118 
Width of crown of second true molar..................  .075 
Length of crown of third true molar................. .195 
Width of crown of third true molar... ....... . 080 

OSBORN: THE PROBOSCIDEA 

Osborn, 1923: Of the ten characters assigned above by Cope to 
T. campester, Nos. 5 and 6 are somewhat doubtful because of the 
fractured condition of the anterior part of the type jaw in which 

Cope believed there were no tusks. Inasmuch as the absence of 
lower tusks has been noticed also in T. faleonert and T. punjabien- 
sis, it is possible that the mandible of 7’. campester was also tusk- 

less; Cope himself so represented it again in his second figure of the 
type which is here reproduced in facsimile (Fig. 330). 

The true characters of this animal are more accurately dis- 

played in comparison with 7. longirostris (Fig. 331) in which the 

corresponding parts are placed side by side and drawn to the same 

seale. As restored by Osborn and mounted in the American Mu- 

Second figure, after Cope 

ts at 

seum, the lower jaw of 7’. campester does not contract, as represented 

by Cope in his second type figure, but indicates the presence of an 

inferior incisor tusk. The enamel constitutes a band on the lower 

external aspect of the superior tusk, surrounding about one-third 

of the outer diameter; it is thus more apparent on the inferior 

surface (Fig. 331 A1) and hardly appears at all in the superior 

aspect of the skull. The superior grinding teeth in 7. campester 

(A1) occupy a similar area to the grinders in 7. longirostris (B); 

it will be observed that the tetartoloph of M? is slightly broader 
than that in the Eppelsheim type; the double superior trefoils 

are more distinctly marked in the protoloph and metaloph of M3, 

but this may be due partly to the fact that they are more worn. 

We observe that the ridge formula, M 24 M 3 +22. is not quite 
’ 4 1/2-5-1/2 
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es. T. campester 
Amer. Mus. 8527 Type 

B T. longirostris 
= = Drawn from cast Amer. Mus. 10470 Ref. 

T. campester 
Amer. Mus. 8527 Type 

1/8 nat. size Bhar 
~ 

Fig. 331. Comparison of Tetralophodon campester type (Amer. Mus. Cope Coll. 8527), Lower Pliocene of Kansas, 
and Tetralophodon longirostris type and referred, Lower Pliocene of Eppelsheim, Germany. All one-eighth natural size. 

A, Restored skull and jaws of Cope’s type of 7. campester, middle-aged individual (Amer. Mus. Cope Coll. 8527), 
with M? and M? in situ. 

Al, Palatal view of same. 
C, Restored skull and type jaws of 7’. longirostris Kaup, reproduced from Owen's wood engraving of Kaup’s reconstruction 
B, Palatal view of 7’. longirostris, drawn from cast (Amer. Mus. Warren Coll. 10470) of Kaup’s referred palate 
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372 OSBORN: THE PROBOSCIDEA 

the same in the two species; the ridge formula of M; in a referred 

specimen of 7’. campester (Neb. Mus. 22-10-8-14) has five complete 

crests and two half crests, the detailed structure of which is 

clearly shown in figure 308D of this Memoir. 

REFERRED TETRALOPHODON CAMPESTER LowER Monar.—A 

third lower molar, 1.M; (Neb. Mus. 13-12-15), length 205 mm., 

breadth 84 mm., index 41; external trefoils all well developed, rudi- 

ments of internal trefoils on proto-, meta-, and tritolophids; very 

rudimentary pentalophid; cement in valleys. This tooth is inter- 

esting because the inferior molars are wanting in the type of 

Tetralophodon campester. 

(Barbour, letter, February 8, 1927): “No. 13-12-15, about 

which you inquire, was found in the valley of the Republican 

River, Red Willow County, Nebraska, by Mr. A. Canfield of 

Tecumseh, Nebraska. It comes to us through his son W. W. 

Canfield, University of Nebraska, 1919. I infer that it is 

Pliocene or very early Pliocene.”’ 

RIDGE FORMULA OF TETRALOPHODON CAMPESTER 

Tyre Rince FormuLa.—lIt is very desirable to secure an 

unworn Mz; of Tetralophodon campester from the type locality. 

The detailed crest structure of the type superior molars is beauti- 

fully shown in figure 336 of this Memoir. It is important to note 

that in his enumeration of the six and a half crests in the superior 

molars, Cope includes the half crest in front of the protoloph. It 

would therefore be more accurate to describe 7. campester as 

possessing five complete crests and two half crests, an anterior and 

a posterior: M 3 *7=“. T. campester is more progressive than 7’. 

longirostris in the stronger development of the anterior half crest. 

Ridge formula of 7. campester: M 14 M 24 M3 12212 1/2-5-1/2° 

TETRALOPHODON PRECAMPESTER! OSBORN, 1923 

Figures 308H, 329K, and 339 

Middle Pleistocene, Harlan County, Nebraska. 

Synonym of Tetralophodon (Morrillia) barbourt Osborn, 1921. 

Compare Gomphotherium [= Tetralophodon|] elegans Hay, 1917. 

Osborn, 1935: This type (Figs. 308E and 3298), originally 

described and figured on an imperfect reconstruction, now proves 

to be identical with the type of Tetralophodon (Morrillia) barbouri 

(see Fig. 339, p. 378 below). It was originally described by Osborn 

as a third inferior molar but proves rather to be a third superior 

molar, M*, because of its abbreviated proportions. 

Osborn’s original description of this species is as follows: 

Tetralophodon precampester Osborn, 1923. ‘New Subfamily, 

Generic, and Specific Stages in the Evolution of the Proboscidea.”’ 

Amer. Mus. Novitates, No. 99, December 27, p. 3 (Osborn, 

1923.601). Tyrr.—A third superior molar of the right side, 

r.M* (Neb. Mus. 10-11-7-10). Horizon AnD Locauity.— 

Harlan County, Nebraska. Middle Pleistocene. Tyre Fic- 

urp.—Figures 308K, 329E, and 339 of the present Memoir. 

OriainaL Description.—(Osborn, 1923.601, p. 3); ‘Type, a 

third inferior [superior] molar of the right side from Harlan 
County, Nebraska, in the Nebraska Museum (Neb. Mus. 10-11-7— 

10). This type exhibits five complete crests, a protoloph, metaloph, 

tetraloph, and pentaloph, also a narrow anterior half crest, as 

compared with the broad anterior half crest in 7. campester; the 
crown is relatively shorter and broader than that of the 7. campester 
Cope type; cement fills the valleys and rises at the sides of the 

crowns in the tritoloph and tetraloph.” 

“This species is published by the kind permission of Professor 

Erwin H. Barbour.” 

Tetralophodon elegans Hay, 1917 

Figures 329C, 332 

Described as Gomphotherium elegans, from McPherson, Kansas, “Equus 

beds of the Pleistocene,’’ Hay, 1917. Middle(?) Pliocene (Osborn, 1988). 

Compare Tetralophodon campester Cope, 1878, and T. precampester 
Osborn, 1923 [=synonym of 7. (Morrillia) barbouri]. Transferred by Hay 

(1928, p. 113) to Anancus elegans. 

This species undoubtedly belongs to the phylum Tetralophodon 

in the possession (1) of double trefoils in the type molar Ms, (2) 

of a long narrow crown, 217 mm. by 85 mm. at fourth ridge, index 

39, (3) of five complete ridges and one prominent half-ridge, a total 

of six which removes it from T'’rilophodon; each transverse ridge is 

surmounted by four conelets. In this species the ridge formula is 

practically the same as that in Tetralophodon campester; it seems 

to bein aslightly more progressive stage of evolution but may come 

within the range of 7’. campester; the specific name Tetralophodon 

elegans rests upon a six-crested type molar much less progressive 

than the Pleistocene species of Morrillia. 

Cuaractrrs.—In the ridge-crests the type tooth, 1.Ms, isin a 

somewhat more progressive stage of evolution than the types of 

either 7. campester or T. precampester inasmuch as the type third 

lower molar (Fig. 332) possesses five well separated crests and a 

half crest or talon which Hay describes as so large that it may be 

considered as a sixth crest. It is distinguished from 7’. (M.) barbouri 

by less progressive development of the anterior half crest, by the 

more separate condition of the five main lophs, and by the less 

prominent development of the double trefoils. Judging from Hay’s 

description and type figures (Fig. 332), the trefoils are more promi- 

nently developed on the outer cones than on the inner; whereas in 

T. campester the trefoils are developed with equal prominence on 

both the outer and inner cones. 

Hay’s type description is as follows: 

Gomphotherium elegans Hay. ‘Descriptions of Some Fossil 

Vertebrates Found in Texas.’’ Bull. Univ. of Texas, No. 71, 

December 20, 1916 (not actually published until 1917=1917.1), 

roo Pal, PPI, Typrr.— A lower left third molar.” Nat. Mus. 

8255; cast Amer. Mus. 2100. Type Locatiry.—McPherson, 

Kansas. ‘Equus beds of the Pleistocene.’”’? Middle(?) Pliocene 

(Osborn). Type Figurn.—Hay, Proc. U. 8. Nat. Mus., 

1917, LIII, Pl. xxv1, figs. 1, 2 (1917.3). Typ DescripTion.— 

(Hay, op. cit., 1916 [1917.1], pp. 21 and 22): ‘Lower last molar 

i he specific term precampester is a nomen nudum, since the type of Tetralophodon precampester proves to be identical with the type of the previously de- 
seribed T'etralophodon (Morrillia) barbouri, as clearly shown in Figs. 338 and 339, p. 378 below. 
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long and narrow; with five crests and a talon. Besides the but- 

tresses on the outer halves of the crests, there are buttresses on 

the inner halves of the three anterior crests. 

composed each of one or more conules. The length of the type 

molar is 217 mm.; the width at the first [fourth] cross-crest, 85 mm. 

The talon is so large that it may be regarded as a sixth crest, but 

in other specimens it may be less strongly developed. The two 

principal cones composing each crest seem to be made up each of 

two subordinate cones closely pressed together. A deep narrow 

cleft runs the length of the tooth between the right and left halves 

of the crests. There is a strong tendency to the formation of 

conules in the valleys between the crests.” 

The buttresses are 

Type (Two Lower Fiaures) or TETRALOPHODON 

ELEGANS 

Fig. 332. Type (lower figures) of Gomphotherium 
elegans Hay, 1917.3, Pl. xxv1, figs. 1 and 2, one-third 

natural size. Five and a half to six crested lower left 

third molar, from McPherson, Kansas. Nat. Mus. 

8255; cast Amer. Mus. 2100. 

Referred (?) three crested tooth (upper figure) 

resembling T'rilophodon, from near Waco, Texas, after 

Hay, 1917.3, Pl. xxvi,fig. 3; also figured in Hay, 1917.1, 

Pl. 1m, fig. 2. 

“An upper right second molar which is referred to this species 

belongs to the collection of Baylor University. This was found in 

Pleistocene deposits on Hog Creek, McLennan county, Texas, not 

far from Speegleville, a town about eight miles west of Waco. A 

view of the grinding surface is here presented (pl. m1, fig. 2). The 

crown is complete, but the roots are broken off. It appears that 

the inner anterior root did not extend so far under the second crest 

as in Mammut americanum. The tooth is unusually large, being 

145 mm. long and 90 mm. wide. There are three crests and a 

large talon. The wear of the two anterior crests has produced on 

the inner half of each of these a large trefoil. The enamel of that 

part of these which joins the outer cone is considerably folded. The 

valleys between the crests are closed by the buttresses whose wear 

produces the front and rear elements of the trefoils. There are 

very distinct buttresses connected with the outer half of each of 

the crests. Here and there are accessory conules, especially at the 

ends of the transverse valleys.” 

Osborn, 1921: The above type description (1916 [1917}) was 

written first and is placed first in Hay’s Bibliography (March 8, 

1921). On June 1, 1917, Hay published another description from 

which we take the following facts and citation: 

Hay, 1917.3, p. 219.—The specimen was found about 1908 

near McPherson, Kansas, in a sand pit, at a depth of about 35 

feet, in section 34, township 19 north, range 3 west. The region 

about McPherson is covered by deposits which the author attributes 

(p. 221) to the Sheridan, or Equus, beds, an early phase of the 

Pleistocene. ‘“‘We have in this tooth, therefore, evidence that the 

bunolophodont mastodons continued on into the Pleistocene.” 

This the author confirms by reference to other specimens believed 

to be of the same geologic age. The type, a left third lower molar, 

.. Outer ends of 

Inner 

ends of valleys partially closed by accessory conules. . . . The 

length of the tooth is 217 mm.; its width at the first cross-crest, 

83 mm.; at the fourth, 85 mm. 

ments and the figures (pl. 26, figs. 1, 2) that the tooth is a long and 

possesses “‘five cross-crests and a large talon. . 
valleys closed by buttresses and forming trefoils on wear. 

It will be seen from the measure- 

relatively narrow one. There are present six cross-crests, the 

hindermost one being something more than a talon. The inner and 

the outer halves of each crest are separated by a narrow but very 

deep cleft. Each half of each crest may be regarded as composed of 

two cones, the principal one and another nearer the mesial cleft. 

The latter does not rise quite as high as the principal cone and is 

separated from the latter by a cleft.’’ 

GroLocic AGE, Ossorn, 1923. The early Pleistocene age of 

this specimen is important if Hay is correct in attributing the type 

to the Sheridan formation which with Hay we have placed in the 

Aftonian, or 1st Interglacial time. Such a recent age seems im- 

probable when we consider the relatively primitive condition of the 

type grinder and the relatively progressive condition of Tetralo- 

phodon (Morrillia) barbouri of Middle Pleistocene age. We there- 

fore regard this tooth as of Middle(?) Pliocene age. 

Puy.Letic RELATIONSHIP.—Hay (1917.3, p. 220) erroneously 

compares the type tooth with Leidy’s species ‘M.’ floridanus of the 

Florida Pliocene, and observes that the latter is more primitive in 

possessing single trefoils and in its four and a half crested Ms; 

he also compares the tooth with the species Gomphothertum [ = Cor- 

dillerion) tropicus Cope of the Blanco Pliocene and remarks that in 

Tetralophodon elegans there is a greater subdivision of the principal 

cones and a larger number of accessory conules. Osborn’s opinion 

is that the type of G. elegans represents a species somewhat more 

progressive than Tetralophodon campester and that the referred 

specimen (Fig. 332, upper) belongs to the more primitive genus 

Trilophodon. 
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Trilophodon (?Tetralophodon) brazosius' Hay, 1923 

Brazos River, near San Felipe, Texas. Probably of Pliocene age. 

The species ‘ Anancus’ brazosius Hay, 1923, is difficult to deter- 

mine without an examination of the type specimen (Fig. 333), but 

it appears to be referable to the genus Tetralophodon’, in a specific 

stage characterized by transverse cones in M: and double trefoils 

in the five crested Ms. 

Anancus brazosius Hay, 1923. ‘‘Characteristics of Sundry 

Fossil Vertebrates.’’ The Pan-American Geologist, Vol. XX XIX, 

pp.. 112-114. Tyrx.—Part of the right ramus of a lower jaw 

in the Agricultural and Mechanical College, College Station, 

Texas. Horizon AND Locauiry.—Brazos River, near San 

Felipe, Texas. Probably of Pliocene age. Type FicurE.— 

Hay, op. cit., 1923.2, Pl. vm, figs. 1 and 2. 

Type CHaracrers.—(Hay, 1923.2, pp. 112, 113): “The jaw 

and teeth are well fossilized and the teeth are beautifully preserved; 

only the front end of the second molar is damaged slightly. The 

second molar is worn on all of the crests; the third molar on only 

the first and second crests. The second molar presents three crests 

and a talon which at its inner end is so large as to suggest a fourth 

crest. In the worn condition of this tooth trefoils appear at both 

the outer and the inner ends of the crests. The length of the tooth 

is 130 mm.; its width, 76 mm.” 

“The hindermost molar presents five cross-crests and a rear 

tubercle. The outer ends of the valleys are blocked by accessory 
cusps which cling to the main cusps. On wear there are produced 

trefoils. On the inner side of the tooth trefoils would, on further 

wear, appear on two or three of the front crests. The main cusps 

of the crests are columnar and well spaced. The enamel is mostly 

smooth. A thin coat of cement is found in the valleys and on the 

bases of the cusps. The length of the tooth is 220 mm.; the width, 

85 mm. The pulp cavity is yet large. The mandible appears to 

have been slender. The depth at the front of the hinder molar is 

133 mm.; the thickness, 125 mm.” 

(Hay, op. cit., ef. p. 113): These teeth resemble Gomphotherium 

elegans, now to be known as Anancus elegans, with specific differ- 

ences only. “The figures (pl. viii) show the cusps of Anancus 

brazosius to be of different form and to be not so closely spaced. 

OSBORN: THE PROBOSCIDEA 

The hindermost molar of A. elegans appears to be more abundantly 

supplied with accessory cusps than the Brazos species. In the 

writer’s description of A. elegans, he referred to this species an 

upper second molar that had been found near Waco, Texas. It is 

Type oF TeTRALOPHODON! BRAZOSIUS 

Fig. 333. Part of right ramus of lower jaw of Anancus 
brazosius Hay, containing type second and third inferior molars, 

r.M»-3, crown and internal aspects. One-fourth natural size. 

After Hay, 1923.2, Pl. vii, figs. 1 and 2 (ef. p. 120). 

possible that this molar really belongs to the species described in 

this paper.” 

Osborn, 1926: In the present Memoir the type of Gompho- 

therium elegans Hay has been transferred to Tetralophodon elegans. 

Accordingly in the present Memoir Anancus brazosius is referred 

to Tetralophodon' (?Trilophodon) brazosius Hay; it is difficult to 

identify this type third inferior molar of A. brazosius, but on the 

whole it presents a close resemblance to the third inferior molar of 

T. campester (Fig. 308D), also to that of T. elegans Hay (Fig. 332). 

Osborn, 1934: The incomplete fourth ridge-crest of M2 

resembles T'rilophodon' rather than Tetralophodon. 

9. TETRALOPHODON FRICKI SP. NOV., FROM THE PLIOCENE OF TEXAS 

In 1930, under the direction of Mr. Childs Frick, a fine palate of a mastodon was unearthed in northern 

Texas, a few miles north and east of Clarendon. No other remains were found in association with it. The specimen 

was first described by Frick in 1933, in his article ‘‘New Remains of Trilophodont-Tetrabelodont Mastodons,” as 

follows: ‘(?) Tetralophodon species. From Northern Texas.” 

After prolonged examination, the present author regards this specimen as representing a new and distinct 
species, of more primitive character than the classic Tetralophodon campester of Cope and agreeing more closely 
with the recently described Tetralophodon bumiajuensis Maarel of Java. It is therefore a most weleome addition 
to our knowledge of the Tetralophodonts. 

Osborn (1935) now refers this specimen to Trilophodon because of the three-crested condition of Mo. 
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Tetralophodon fricki sp. nov. 

Figures 308B, 334, 335 

From northern Texas, a few miles north and east of Clarendon. Lower 
to Middle Pliocene. 

The type (F:A.M. 23342), consisting of the basicranial region, 
complete palate, partly worn second and third superior molars of 

both sides, superior tusks with broad external enamel band, four 
complete ridge-crests on the second superior molars, five complete 
ridge-crests on the third superior molars, is somewhat doubtfully 
referred to Tetralophodon. The author takes great pleasure in 

naming this species after his friend Mr. Childs Frick, in further 
recognition of his fine explorations and researches in the Pliocene 
of North America. 

The first bibliographic reference to this type is that of Frick 
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(1933, p. 607), as follows: ‘‘(?) Tetralophodon species. From 
Northern Texas. The inferior area of a skull with enamel-banded 
tusks and Tetralophodont dentition, obtained from a deposit in 
northern Texas, is interpreted as of a Tetralophodont-Longirostrine. 
ExampLe.—Partial skull with enamel-banded tusks and m*-m’, 
dorsal half of cranium missing. F:A.M. 23342. Figured this paper, 
Figs. 12 and 23B.”’ Reproduced herewith (Fig. 334) is Frick’s 
figure (Fig. 12) of the palate. 

The accompanying figures of the superior molar teeth and the 
comparative photographs of the palate of Tetralophodon fricki and 
Platybelodon grangeri (Fig. 335) clearly exhibit the parallelism of 
these species in the possession of a four-crested second superior 
molar. ; 

The superior molars (M*, M*) exhibit central conules 

(CCC) in the valleys be- 
tween the proto-, meta-, 

trito-, and _ tetartolophs; 

conules are an unusual 

Tetralophodon fricki Type 

F:AM.23342 

feature in Tetralophodon, 
the central conules being 

usually absent; these con- 

ules cannot be interpreted 

as detached anterior trefoil 

spurs; they appear on the 

entoconelets of the four 

anterior crests. The ridge- 
crests (47e mm.) in the 

worn M? are about as lofty 

as those in M® of Tetralo- 

phodon longirostris (cast 

Amer. Mus. 10484). In M?® 

the second ridge-crest is 

estimated as 70 mm. in 

length. The 5+ crested 
third superior molars ex- 
hibit the characteristic for- 
ward inclination of each of 
the five crests. This five- 
crested condition agrees 

with the five-crested con- 
dition of Tetralophodon 
bumiajuensis of Java and is 
more primitive than the 
six-crested condition of T. 
campester. 

In this and other re- 
spects the type of Tetra- 
lophodon fricki appears to 
be a smaller and more 
primitive form than the 
type of 7. campester and is 
possibly referable to an 

Fig. 334. Type PaLate aNp DENTITION OF TETRALOPHODON FRICKI SP. NOV. 

(Upper) Palatal aspect of the type (F:A.M. 23342), compare Frick, 1933, fig. 12, one-seventh natural size. 
(Lower) Second and third superior molars of the left side, |.M*", one-fourth natural size. 
Observe characteristic four-crested ].M? with prominent central conules (CC) and posterior trefoils on proto- and 

metalophs. The posterior grinders exhibit two rudimentary and five well-developed ridge-crests, six altogether; also in- 
cipient anterior (14) and posterior (4) ridge-crests; small central conules (CCC), rudimentary entotrefoils on the three 
anterior crests; relatively more hypsodont than 7'etralophodon longirostris. 

earlier geologic horizon than 

the Republican River which 
yielded Cope’s classic type, 
T.campester. The principal 
comparative measurements 

are as follows: 
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R.M? 

Length 

Breadth 

Index 

Height of tritoloph 

R.M$ 
Length 

Breadth 

Index 

Height of metaloph 

Length of right superior 

tusk on curve to border 

of alveolus 

Left, ditto 

Length, condyle to pre- 

maxillary symphysis 

Transverse occipital 

condyle 

Platybelodon grangeri 

Borissiak. 

Observe the somewhat similar palatal aspects but wholly dissimilar pattern of the molar ridge-crests. 

OSBORN: 

Tet. fricki Type 

(F:A.M. 23342) 

128 mm. 

73 

Fig. 335. TrTRALOPHODON AND PLATYBELODON CRANIA 

THE PROBOSCIDEA 

Tet. campester Type 

(A.M. Cope Coll. 8527) 

118 mm. 

75 

64 

20+ 

195 

80 

41 

67 

790+ (1000e) 

Not present 

900e 

199 

F:AM.23342 

Tetraloph hae fricki 

One-twelfth natural size 
Tetralophodon fricki (center) is a primitive member of the Tetralophodontine of Maarel. 
Platybelodon grangeri, the ‘flat-tusker’ of the Gobi Desert, is a very progressive member of the serridentine subfamily Platybelodontine 

Plat. grangeri Ref. 

(A.M. 26479) 

128 mm. 

67 

Not present 

Not present 

920 

200 

Platybelodon grangeri 



10. FINAL HYPSODONT SUBGENERIC STAGE OF TETRALOPHODON, NAMELY, 

T. (MORRILLIA) BARBOURI, MIDDLE PLEISTOCENE 

Suspcenus: MORRILLIA Osborn, 1924 

Original reference: Osborn, Amer. Mus. Novitates, No. 154, Dec. 24, 1924, p. 1 (Osborn, 1924.634). 
Genotypic species: Tetralophodon barbouri Osborn, 1921. 

SuBGENERIC CHARACTERS.—Complete doubling of trefoils; lophs elevated, hypsodont, closely 
appressed ; (?) pro-protolophid crest nearly completed, lophs increasing from seven to eight; thick coating 
of cement in valleys. As compared with the primitive subgeneric stage Lydekkeria of the Mio-Pliocene, 
this final Middle Pleistocene stage of Tetralophodon has made remarkable progression. Unfortunately 
the subgenus rests at present on two grinding teeth; consequently we must be on our guard against 
positively placing it as a terminal member of the phylum Tetralophodon. 

This new subgenus Morrillia was named in honor of the Honorable Charles H. Morrill, “in recognition of his 

generous support of the field expeditions and collections made under the direction of Professor Erwin H. Barbour 

which have yielded such astonishing results, especially in the subfamily Longirostrine, including the T'rilophodon 

and the Tetralophodon |Tetralophodontinz]| of Nebraska.” 

Uncertain Poytetic RELATIONS.—Examination of the diagrams (Figs. 308, 329) certainly appear to show 

that the grinding teeth of Tetralophodon campester are evolving in a direction which naturally would lead into 7. 

(Morrillia) barbouri. As indicated above, T. barbouri may represent a distinct generic stage of Tetralophodon 

to which the subgeneric name Morrillia has been applied (Osborn, 1924.634), distinguished by marked hypso- 

donty, cement, and 7% to 8% crests. The affinity of this extremely progressive stage to the genus Tetralophodon, 

rather than to the genus Stegomastodon, e.g., S. mirificus, is indicated by the double trefoils, internal and external, 

on the superior ridge-crests, as clearly shown in figure 308F, which may be contrasted with the quadruple trefoils 

of the most progressive stage of Stegomastodon, namely, S. aftoniz. In Tetralophodon (Morrillia) barbouri the 

internal and external cones are opposite; in S. arizone (Fig. 649) they are strongly alternating. 

In Tetralophodon (Morrillia) barbouri the cones are strongly hypsodont, valleys filled with cement; in Stego- 

mastodon arizonz the cones are subhypsodont, valleys less filled with cement. 

Consequently Tetralophodon (Morrillia) barbouri may not be regarded as related to the phylum Stegomastodon; 

it appears certainly to belong to the phylum Tetralophodon. 

Tetralophodon (Morrillia) barbouri Osborn, 1921 

Figures 308F, 329D, E, 337, 339, and 349 

Cambridge, Furnas County, Nebraska, Middle Pleistocene. 
Syn.: Tetralophodon precampester Osborn, 1923. 

This extremely progressive species was made the type (Osborn, 

1924.634, p. 1) of the subgenus Morrillia, distinguished from the ge- 

nus Tetralophodon by the extreme hypsodonty of the crests, the heavy 

coating of cement, the multiplication of the crests to M 3 *°""*" 

as compared with M 3 of T.. campester, namely, M 3¢3235)5- 

The specific name Tetralophodon barbouri was given by Osborn 

in 1921 (1921.515) in honor of Professor Barbour of the University 

and Geological Survey of Nebraska, to whom the writer was in- 

debted for the privilege of describing this specimen, and to whom 

palzontology is indebted for greatly increasing our knowledge of 

the American Longirostrines and other bunomastodonts. As shown 

in the comparative figure (Fig. 329D, E), this species is by far the 

most progressive of all the Tetralophodonts. With its seven anda 

half to eight and a third crests and partial coating of cement, its 

evolution is much beyond that of 7. campester, with six total crests 

on the superior grinders and without cement. The intermediate 

molars are unknown, but it is safe to infer that the ridge formula 

was: M24,M3*2"*"4, 
Tetralophodon barbouri Osborn, 1921. “The Evolution, 

Phylogeny, and Classification of the Proboscidea.” Amer. Mus. 

Novitates, No. 1, January 31, 1921, pp. 9 and 10. Type 

SpreciMEN AND Loca.ity.—‘ Grinding tooth with double trefoils, 

seven and a half to eight crests, and cement;” Neb. Mus. 4-22- 

6-16. The type locality of this tooth according to the 
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1m Inp.Mus.A46 IYPE 

~ T. campeste. > —*" 
Cc = — Amer. Mus. 8527 Type —— == 

ee (upper) 

Fig. 338. Type of Tetralophodon punjabiensis (upper) and of T.. longi- 

rostris (lower). One-fourth natural size. 

Fig. 336. Type palate of Tetralophodon campester Cope. One-fourth 

natural size. ~ \ Tetralophodon(Morrillia) pr ecampester 

| sf) “feb Ttas.|0-11-7-10 Type 

Tetralophodon(Morrittia) barbouri 

Nebraska Mus. 4-22-6-16 Type 

Tyre or TETRALOPHODON (MORRILLIA) BARBOURI TETRALOPHODON (MorRILLIA) BARBOURI REF. 

F ig. 337. Type left third superior molar of Tetralophodon (Morrillia) Fig. 339. Type right third superior molar of Tetralophodon precampester 

barbouri Osborn, 1921 (Neb. Mus. 4-22-6-16), one-half natural size. This final Osborn, 1923 (Neb. Mus. 10—-11-7-10), restored and redrawn in comparison 

\49-8-V/ (=8!4) ridge-crested stage, extremely hypsodont, presentsa very marked with the type of 7. (Morrillia) barbourt. T. precampester is a synonym of T. 

progression upon the relatively brachyodont type of 7. longirostris Kaup (cf. (M.) barbouri, namely, it has }+-2-8-1g (=8/s) ridge-crests, crest 14 being an im- 

Fig. 308A). perfect cingulate ridge half developed. One-half natural size. 
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Nebraska State Museum records is Cambridge, Furnas County, 

Nebraska. Type Ficure.—Osborn, 1924.634, p. 2, fig. 1—fig- 
ures 308F, 329D, and 337 of the present Memoir. 

Type Descriprion.—(Op. cit., 1921.515, p. 10): ‘A second 

new species is the Tetralophodon barbouri, of which the type (Neb. 

State Mus. No. 4.22.6.16) is a grinding tooth with double trefoils, 

seven and a half to eight crests, and cement; thus advanced much 

beyond T.. campester with six and a half crests on the superior grind- 

ers, without cement... .[{p. 9] In all Pliocene species observed the 

intermediate molars are four-crested; hence they fall within the 

genus Tetralophodon Warren [1852], Falconer [1847]. From the 

Middle Miocene apparently to the close of the Middle Pliocene 

there was a steady addition of crests to m$, rising from four and a 
half crests in the Middle Miocene (7. angustidens) to seven and a 
half crests in the Middle Pliocene [Middle Pleistocene] (7. barbouri, 

new species). At the same time the crests become subhypsodont 
partly coated with cement.” 

Osborn, 1923; The type of this species might be mistaken for a 
specimen of Anancus, but it is readily distinguished (1) by the 

extreme hypsodonty of the lophs, (2) by the double trefoils of the 

surface of the crown as compared with the quadruple trefoils in the 

corresponding molar teeth of Stegomastodon, (3) also as shown in 

figure 337 of this Memoir, by opposition of the internal and ex- 

ternal cones instead of alternation as in Stegomastodon (Fig. 643). 

11, SUMMARY OF EVOLUTION AND MIGRATION 

TretTrRALoPHODON.—The strikingly progressive evolution of the posterior grinders of Tetralophodon, from the 

low-crowned, brachyodont grinders of 7. longirostris to the lofty, hypsodont, and heavily cemented grinders of 

T. (Morrillia) barbouri, is beautifully displayed in the diagrammatic figures (Figs. 308 and 329). 

LypEKKERIA.—The hypothetical Miocene stage Lydekkeria, with single trefoils and incipient double trefoils, 

also incomplete fourth crest on M 2, still awaits verification. 

Morritura.—The final hypothetical hypsodont stage Morrillia is still represented by only two third superior 

grinding teeth (Figs. 337, 339), appropriately dedicated to Prof. Erwin H. Barbour, in further recognition of his 

fine life work in revealing the Proboscidean world of ancient Nebraska. 

From the limited evidence now at hand, it would appear that Tetralophodon became rare in Eurasia early in 

Pliocene time but lingered until Middle Pleistocene time on the ancient flood-plains of Nebraska. The progres- 

sive hypsodonty of Morrillia is doubtless an adaptation to the increasing aridity and hardness of the browsing 

and partly grazing diet. 

a eA 
~ BIOOMM.,6'1034"e TETRALOPHODON FRICKI 

TEXAS 

\ 
TETRALOPHODON SINENSIS 2025mm.,6'734e TETRALOPHODON BUMIAJUENSIS 

CHINA JAVA 

Fig. 339a. Wortp Micration or TETRALOPHODON. 

TETRALOPHODON FALCONERI 
INDIA 

2440MM,8’e TETRALOPHODON (MORRILLIA) BARBOUR! 
NEBRASKA 2440mm,8’e 

TETRALOPHODON ELEGANS 2300MM.7’o." 
1850MM.,6'3a"e KANSAS 

RESTORATIONS TO A ONE-HUNDREDTH SCALE BY MarGret FLInsca, 

UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

(Left) Tetralophodon (Lydekkeria) sinensis and 1’. fricki; (center) T. bumiajuensis and 7’. (Lydekkeria) falconeri; (right) T. elegans and T. (Morrillia) 

barbouri. 
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OCALIENTINUS (SERRIDENTINUS) FLORIDANUS LEIDY 

Restoration to a one-fiftieth scale, by Margret Flinsch, December, 1932, under the direction of Henry Fairfield Osborn 

Fig. 340. Characteristic and abundant serrate-toothed mastodont of the Lower Pliocene Alachua formation of Florida, with 

associated herd of Hipparions (Hipparion ingenuum) and of amphibious rhinoceroses (Teleoceras proterus). A similar stage, O. (Ser.) 

republicanus, occurs in the Republican River formation of northwestern Kansas. 

SERRIDENTINUS PRODUCTUS CoPE 
Restoration to a one-fiftieth scale, by Margret Flinsch, December, 1932, under the direction of Henry Fairfield Osborn 

Fig. 341. Drawn after the model (Fig. 365) of restored skeleton (Figs. 371, 372) from the base of the Clarendon formation, Lower Pliocene of Texas, collected by the American Museum Expedition of 1899. 
This uppermost Miocene stage of Serridentine evolution occurs abundantly in the lower levels of the Santa Fé marls (Mio-Pliocene) 

of New Mexico, from which the type mandible (Fig. 367) was described by Cope in the year 1875. The associated fauna includes 
two canids (Aelurodon wheelerianus and Hemicyon ursinus); a primitive equine (Merychippus calamarius), and one progressive equine (Hipparion gratum); two cameloids (Procamelus gracilis and Pliauchenia humphreysiana); one procervid (Palzxomeryz teres). 
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CHAPTER X 

HISTORY OF THE NEW FAMILY SERRIDENTIDAE,! SERRATE-TOOTHED MAS- 
TODONTS. ORIGIN AND GEOGRAPHIC DISTRIBUTION OF THE MEDIUM- 

: JAWED SERRIDENTINUS OF EUROPE, ASIA, AND NORTH AMERICA 

DISTINCTIONS BETWEEN THE NEWLY RECOGNIZED GENUS SERRIDENTINUS, FORMERLY CONFUSED WITH TRI- 
LOPHODON. FIRST APPEARANCE IN THE MIOCENE OF CENTRAL EUROPE. DISCOVERY IN MONGOLIA, CHINA, AND 
INDIA. LEIDY OBSERVES OCCURRENCE IN THE SOUTHEASTERN UNITED STATES (FLORIDA). COPE OBSERVES NEW 
MEXICO AND TEXAS STAGES. OSBORN DESCRIBES NEW SPECIES FROM FLORIDA, SOUTH CAROLINA, GUATEMALA, 
AND MONGOLIA. DISCOVERY OF THE SERRIDENTINE FLAT-TUSKER PLATYBELODON AND DREDGE-TUSKER TORYNO- 
BELODON; OF THE SOUTH AMERICAN NOTIOMASTODON. 

1. European forest origin of the Serridentine. Migration 
into North America, and apparent division into 
forest-dwelling and arid plateau-dwelling forms, 
persisting into the Upper Pliocene. 

Clear separation of Serridentinus from Turicius, Tri- 
lophodon, and Tetralophodon, by characters of the 
tusks and of the grinding teeth. 

2. Order of discovery and description of thirty-four species 
of the Serridentine, four of the Platybelodontine, 8 

~I Progressively long-crowned plains- and desert-loving 
species of the western and southwestern states 
(Serridentinus anguirivalis and S. nebrascensis of 
Nebraska, S. serridens and S. serridens cimarronis 
of Texas, Serbelodon(?) precursor, Pliocene of Mt. 
Blanco). Also the species S. brewsterensis of the 
Lower Pliocene of Florida; S. guatemalensis of 
the Central American plateau, Upper Pliocene. 

Recently described genera (Ocalientinus, Serbelodon) and two of the Notiomastodontinz, during the period 
1873-1935. and species in the Frick Collection. 

3. Synopsis of subfamily, of generic, and of specific char- 9. Discovery of two short-jawed, blunt shovel-tuskers 
acters. Ascending phylogenetic order of the species. (Serbelodon and Trobelodon) of Serridentine rela- 

4. Eurasiatie species: Serridentinus subtapiroideus, S. mon- tionship. 
goliensis, Ocalientinus (Ser.) florescens, S. gobiensis. 10 

5. More progressive plains-loving species of the mid-western 
states (Serridentinus progressus, S. proavus, S. 
productus). Skeleton compared with that of 11. 
Trilophodon giganteus. 

6. Progressive forest-loving species of northwestern Kansas, 19. 
Ocalientinus (Serridentinus) republicanus; of the 
Lower Pliocene of Florida, O. (S.) floridanus, O. (S.) 
bifoliatus, also O. (S.) floridanus leidii; of the Plio- 
cene of South and North Carolina, O. (S.) obliquidens. 

Primitive and progressive Serridentingw of the Siwaliks 
of India. 

Serridentines of Japan and China, Miocene and Plio- 
cene. 

Flat-tuskers or Platybelodontine of central Asia and 
western America (Platybelodon and Torynobelodon). 

APPENDIX: Serridentinus filholi Frick and S. nebrascen- 
sis Osborn. 

(May, 1935) Since 1926, when the main portion of the present Chapter X was completed, nineteen new species of ‘Serridentines’ 
and ‘Platybelodontines’ have been discovered and described from North America, India, Mongolia, western Asia, and southwestern 
United States, as listed on pages 384, 385. These new species (1928-1935) amplify the geographic range and strongly confirm the 
separation of this subfamily, also of the subfamily Platybelodontine. Two species (Serridentinus simplicidens and Mastodon ob- 
scurus) are now redetermined as Trilophodon. Trilophodon progressus and Stegomastodon nebrascensis are found to belong in the 
subfamily Serridentine. Important genera (Torynobelodon of Nebraska, see Chap. VIII, p. 338, and this chapter, p. 470), also Ocalien- 
tinus, Serbelodon, and Trobelodon of the Frick Collection from New Mexico, Texas, Nebraska, and Mexico) are added. See Appendix 
to present Volume I for description of Gomphotherium? |Ocalientinus| emmonsi Hay, 1930. 

(July, 1935) As described and figured (PI. XII) in the Appendix of the present Volume I, the new South American genus Notio- 
mastodon Cabrera proves to be a typical member of the new family Serridentide; see also description and figures in Chapter XII, 
and Pl. IX of this chapter (X); for the reception of this genus, the present author is making the new subfamily Notiomastodontine. 

1. EUROPEAN FOREST ORIGIN AND SEPARATION FROM OTHER TRILOPHODONTS 

These ‘serrate-toothed mastodonts’ rarely occur in the same geologic formations in association with T'ri- 

lophodon, although in both France and America they are frequently found in the same geographic regions and in 

the same periods of geologic time. Consequently, as explained in Chapter II, we regard these medilongirostral 

or mediumi-jawed ‘Serridentines’ as examples of local adaptive radiation; arising in western Eurasia as forest- 

dwelling and swamp-dwelling forms, they gave rise to forest-dwelling and plateau-dwelling forms in America. As 

they occur together in the Mio-Pliocene of New Mexico the skeleton of Serridentinus shows a marked inferiority 

in size to that of Trilophodon (see Fig. 372 of the present Memoir). 

‘For definition of the new family SERRIDENTID, also new subfamily NoriomastoponTin.®, see Appendix of the present Volume I. 
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MEASUREMENTS 

Trilophodon giganteus Serridentinus productus 

Estimated shoulder height, 2440 mm. =8 ft. 1682 mm.=5 ft. 64 in. 

ORIGIN OF SERRIDENTINUS.—With their profound initial differences in molar tooth structure it is obvious 

that the Serridentine sprang not from the progressive Phiomia osborni, in which central conules are displayed, 

but from a more primitive species of unknown African mastodont, in which central conules are absent. In many 

other features the phylum Serridentinus is related to primitive members of the Bunomastodontide, especially in 

the superior enamel-banded incisive tusks and in the inferior broadly flattened incisive tusks without enamel. In 

still other characters the Serridentinz closely parallel the phylum Trilophodon, namely, in the permanently three 

crested ‘intermediate molars,’ Dp 4-M 2; in fact, in the third inferior molar, M;, certain of the well-worn 

grinders of Serridentinus so closely resemble well-worn grinders of Trilophodon, that it is not surprising that keen 

observers like Cope failed to separate these two phyla. Finally there is a strong resemblance between the 

grinding teeth of primitive species of Serridentinus, of New Mexico and Florida, and Mastodon (Bunolophodon) 

subtapiroidea Schlesinger [=Serridentinus subtapiroideus| of EKibiswald, Styria; there are also other Miocene 

specimens of Europe which show relationships to Serridentinus. 

. 

/ 

' Serridentinus progressus 
7 Amer. Mus. 8529 Type 

Img 

Type OF SERRIDENTINUS PROGRESSUs! 

TYPE OF SERRIDENTINUS SERRIDENS Fig. 343. Type third inferior molar of the left side, 
Fig. 342. Type second superior molar of the right side, r.M?, of Mastodon serridens Cope, _1.Ms, of Trilophodon [Serridentinus| progressus Osb., showing 

one of the genotypic species of the genus Serridentinus Osborn, of the subfamily Serri- the presence of ectotrefoil spurs springing from the ectocone- 

dentinz Osborn, showing serrate spurs springing from the internal conelets. Crown and inner _ lets, as contrasted with the mesotrefoil spurs springing from 

views. Four-ninths natural size. the mesoconelets. 

TURICIUS AND SERRIDENTINUS.—One of the most interesting results of the prolonged research in preparation 

for this Memoir is the discovery of two clearly distinguishable phyla of mastodonts (Turicius and Serridentinus) 

which by all previous investigators both in Europe and America had been confused with the phylum Trilophodon. 

The types of the genus Turicius have been clearly described above in Chapter VII. In the present chapter it 
is shown that the grinding teeth, e.g., of Mastodon (B.) subtapiroidea of the Lower Miocene lignites (Figs. 351, 
352), widely differ from those of Trilophodon and strongly resemble those of Serridentinus, as seen in a compari- 
son of figures (Fig. 350); it is possible that Turicius and Serridentinus arise from a similar stock not unlike Serriden- 
tinus subtapiroideus. The evolution of the true Turicius phylum, however, is entirely distinct, leading into sharply 
crested forms such as 7’. virgatidens, while the Serridentinus phylum is (A) increasingly Serridentine, ending in 
Ocalientinus (Ser.) floridanus, or (B) more crested, ending in S. guatemalensis. 

'This species, originally deseribed by Osborn (1923.601, p. 3) as T'rilophodon progressus, now proves to be Serridentinus progressus. 
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PLATE IX 

Restoration of the South American Serridentine Notiomastodon ornatus Cabrera, one twenty-seventh (left) and one-fiftieth 

(right) natural size. By Margret Flinsch, 1935, This restoration is based on the adolescent type mandible (upper figure, 

one-fourth natural size) in the Buenos Aires Museum (Buenos Aires Mus. 2157; cast Amer. Mus. 27797) and a referred adult 

tusk (La Plata Mus. 8-45, see figure 557B of the present Memoir). 
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SERRIDENTINUS AND TRILOPHODON.—There are also several pronounced characters which clearly separate 

the species assembled in the subfamily Serridentine from those assembled in the subfamily Longirostrine. But 

the outstanding or salient feature is observed in the fundamental structure of the superior and inferior grinding 

teeth: First, the central conules observed in Phiomia osborni and in all species of Trilophodon are entirely absent 

in Serridentinus; second, these central conules are functionally replaced in Serridentinus by crests which arise 

on the sides of the superior internal cones and on the inferior external cones; third, these internal and external 

crests subdivide into two, three, four to six (Fig. 342) smaller conelets, which give rise to a serrated aspect. Con- 

sequently these animals are appropriately termed the ‘serrate-toothed mastodonts’ or Serridentine. 

Turicius 

Conules retrogressive in the valleys 

between the crests. 
Trefoil crests from ecto- and ento- 

conelets feeble. 

Superior incisive tusks, I’, oval in 
section, with sharply defined enamel 

band, except in 7. virgatidens. 
Inferior incisive tusks, I, straight, 

suboval in section, without enamel, 

undergoing progressive reduction. 
Maximum molar ridge-crests: 214. 
Three grinders, M1-M_ 3, in final 

function. 
Brachyodont to subhypsodont. 
Medilongirostral. 

Serridentinus 

No central conules. 

Trefoil crests from ecto- and ento- 

conelets strong, progressive. 

Tusks, I’, laterally compressed, with 

broad enamel band. 

Tusks, Is, large, horizontally flattened, 

not reaching the ground. 

Maximum ridge-crests: sui: 
Two grinders, M2, M3, in final 

function. 

Brachyodont to subhypsodont. 

Medilongirostral. 

Trilophodon 
Strong central conules. 

Trefoil crests from 

uniting with conules. 
mesoconelets 

Tusks, I*, rounded, with ename! band. 

Tusks, lz, greatly elongated, reach- 

ing the ground. 

Maximum ridge-crests: g-isx. 

One grinder, M*-Msz, only in final 

function. 

Persistently brachyodont. 

Hyperlongirostral. 

2. ORDER OF DISCOVERY AND DESCRIPTION OF THIRTY-FOUR SPECIES OF THE 

SERRIDENTINA, FOUR OF THE PLATYBELODONTINE, AND TWO OF THE 

NOTIOMASTODONTIN®, DURING THE PERIOD 1873-1935 

Species OF SERRIDENTINUS.—It has required very prolonged and intensive research to separate the twenty- 

three species of Serridentinus at present known from their original references to other genera as shown in the 

following table. It is certainly remarkable that the type of Mastodon obscurus' Leidy, 1869, proves to belong to the 

genus Serridentinus, not only in its fundamental molar structure but in its broad resemblance to many other 

species more recently discovered on our own eastern and southeastern coast. Quite close to the Miocene Mastodon 

obscurus Leidy of Maryland is the Serridentinus simplicidens' Osborn, 1923, of the Lower Pliocene of Pierce, 

Florida. The early geologic arrival of these two primitive species on our southeastern coast is followed by the 

continuous evolution of a progressive series of species including Mastodon |=Serridentinus| floridanus* Leidy, 

1886, S. [floridanus] leidii? Frick, 1926, S. brewsterensis Osborn, 1926, of central Florida, S. obliquidens’ Osborn, 

1926, of Charleston, 8. C., and of Tarboro, N. C., and finally three new genera (Ocalientinus, Serbelodon and Tro- 

belodon) described by Frick (1933) from the Santa Fé marls in the southwest and the Ainsworth beds of Nebraska 

(see Sections 8 and 9). 

Thus the following table presenting the chronology of discovery and description should be studied with the 

geographic distribution map (Fig. 344), indicating all* the localities in which the types of the thirty-four species of 

Serridentine and the four species of Platybelodontinz were found, and compared with the two tables (p. 387) 

showing in part the supposed evolutionary order of ascent and of diphyletism. 

‘Recently (December, 1932) redetermined as belonging to the genus T'rilophodon. 

*Referred (1933) to the genus Ocalientinus. 

See footnote on page 384. 
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Fig. 344. Geographic distribution of thirty-four! species of the Serridentinz, four species of the Platybelodontine, and two species of the Notiomasto- 

dontine. The white dots within the black areas represent the approximate localities where the types were discovered. The white crosses represent referred 

specimens mentioned in the present Memoir. 

CHRONOLOGIG ORDER OF DISCOVERY AND DESCRIPTION OF THIRTY-FOUR SPECIES OF SERRIDENTINA, 

FOUR OF PLATYBELODONTIN®, AND TWO OF NOTIOMASTODONTIN 4 

GroLocic AGE 

Upper Miocene 
Upper Miocene 
Lower Pliocene 
Lower Pliocene 

. Pliocene 
Upper Pliocene 

Lower Pliocene 

Lower Pliocene(?) 

Lower Middle 
Miocene 

[Lower Pliocene 

Pliocene (?) 

Lower to Middle 
Miocene 

Lower Pliocene 

Lower (?) Miocene 

Lower Pliocene 

Lower Pliocene 

Lower Pliocene 

1873 
1875 
1884 
1886 

1888 
1892 

1893 

1903 

1917 

1923 

1923 

1924 
1924 

1924 

1926 

1926 

1926 

See Figure 344 

OricInAL NAME Speciric REFERENCE IN PRESENT 
MeEmoIR 

Mastodon proavus Cope, Pawnee Creek, Colorado = Serridentinus proavus 
Mastodon productus Cope, Santa Fé marls, New Mexico =Serridentinus productus 
Mastodon serridens Cope, of Clarendon (?) age, Texas = Serridentinus serridens 
Mastodon (Trilophodon) floridanus Leidy, Mixson’s bone 

bed, near Williston, Levy County, Florida =Ocalientinus (Serridentinus) floridanus 
Mastodon argentinus Ameghino, Argentina = Notiomastodon argentinus 
D.[Dibelodon| precursor Cope, Mt. Blanco, Llano Estacado, 

Texas = Serbelodon(?) precursor 
Tetrabelodon serridens cimarronis Cope, Clarendon of i 

Texas, east of Llano Estacado, Texas = Serridentinus serridens cimarronis 
Mastodon Lydekkeri Schlosser, Réthliche Sande = Tientsin, 

Honan, etc., north China = Serridentinus lydekkeri 
Mastodon (Bunolophodon) angustidens Cuv. f. subtapiroidea 

Schlesinger, Lower Helvetian, Wies, near Hibiswald 
(Steiermark), Austria = Serridentinus subtapiroideus 

Serridentinus simplicidens Osborn, Pierce, Florida =Trilophodon simplicidens (see Chap. VIII, 
p. 285, also fig. 231)] 

Trilophodon progressus Osborn, Driftwood Creek, Hitch- 
cock County, Nebraska = Serridentinus progressus 

Serridentinus mongoliensis Osborn, Loh, Mongolia = Serridentinus mongoliensis 
Stegomastodon nebrascensis Osborn, Snake Creek, west- 

ern Sioux County, Nebraska = Serridentinus nebrascensis 
Hemimastodon annectens Matsumoto, Banjébora, Kami- 

nogd-mura, Kani District, Province of Mino, Japan = Serridentinus annectens 
(?) T. [Trilophodon] (S.) [Serridentinus]) leidii Frick, 

Mixson’s bone bed, near Williston, Levy County, =Ocalientinus (Serridentinus) floridanus 
Florida leidit 

Serridentinus republicanus Osborn, Republican River 
formation, northwestern Kansas = Ocalientinus (Serridentinus) republicanus 

Serridentinus angwirivalis Osborn, Snake Creek (upper 
levels), Sioux County, western Nebraska = Serridentinus anguirivalis 

"No. 4a (Mastodon |Notiomastodon] argentinus Ameghino, 1888), No. 27a (Torynobelodon loomisi Barbour, 1929), No. 27b (Notiomastodon ornatus Cabrera, 
1929), No. 27¢ (Gomphotherium? {Ocalientinus| emmonsi Hay, 1930), and No. 36 (Trilophodon [Serridentinus] wimani Hopwood, 1935) were determined by the 
present writer too late for insertion on the above map (Fig. 344). See, however, maps (Fig. 189, No. 35, and Fig. 501, Nos. 5 and 28) for plotting of 7. loomisi 
N. argentinus, and N. ornatus. 
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16. Mio-Pliocene 1926 Serridentinus browni Osborn, Lower Chinji, Lower Siwaliks, 
near Chinji Bungalow, India = Serridentinus browni 

17. Lower Pliocene 1926 Serridentinus brewsterensis Osborn, Brewster, Florida = Serridentinus brewsterensis 
18. Pliocene, redeposited 1926 Serridentinus obliquidens Osborn, near Charleston, South 

in Lower Pleistocene Carolina =Ocalientinus (Serridentinus) obliquidens 

19. Upper Pliocene 1926 Serridentinus guatemalensis Osborn, Chinautla, Guate- ; 
mala = Serridentinus guatemalensis 

[Miocene 1928 T'rilophodon (Serridentinus?) inopinatus Borissiak and 
Beliaeva, Turgai region, Asia =Trilophodon inopinatus, see Chap. VIII) 

[Middle to Upper 1928 Serridentinus fricki Peterson, Douglas Mountain, Weller 
Miocene Ranch, Moffat County, Colorado =Trilophodon fricki, see Chap. VIII} 

20. Upper Miocene 1928 Platybelodon Danovi Borissiak, Kuban region, north 
Caucasus. Chokrak beds = Platybelodon danovi 

21. Upper Miocene 1929 Amebelodon grangeri Osborn, Tairum Nor Basin, Mongolia = Platybelodon grangeri 
22. Lower Pliocene 1929 Serridentinus bifoliatus Osborn, Brewster, Polk County, 

Florida = Ocalientinus (Serridentinus) bifoliatus 

23. Middle Pliocene 1929 Serridentinus hasnotensis Osborn, near Hasnot, India = Serridentinus hasnotensis 
24. Mio-Pliocene 1929 Serridentinus metachinjiensis Osborn, Lower Chinji, 

Lower Siwaliks, near Chinji Bungalow, India = Serridentinus metachinjiensis 
25. Mio-Pliocene 1929 Serridentinus chinjiensis Osborn, Lower Chinji, Lower 

Siwaliks, near Chinji Bungalow, India = Serridentinus chinjiensis 
26. Mio-Pliocene 1929 Serridentinus prochinjiensis Osborn, Lower Chinji, Lower 

Siwaliks, near Chinji Bungalow, India = Serridentinus prochinjiensis 
27. Pliocene 1929 Serridentinus florescens Osborn, Kholobolehi Nor region, 

Mongolia = Ocalientinus (Serridentinus) florescens 

27a. Middle Pliocene 1929 Torynobelodon loomisi Barbour, southwest of Republican 
City, Harlan County, Nebraska = Torynobelodon loomisi 

27b. Lower(?) Pleistocene 1929 Notiomastodon ornatus Cabrera, Monte Hermoso, Prov- 
ince of Buenos Aires, Argentina = Notiomastodon ornatus 

27c. Pliocene 1930 Gomphotherium(?) emmonsi Hay, marl beds of North 
Carolina =Ocalientinus emmonsi 

28. Lower Pliocene 1931 Torynobelodon barnumbrowni Barbour, Snake River, near 
Valentine, Cherry County, Nebraska = Torynobelodon barnumbrowni 

29. Upper Miocene 1932 Serridentinus gobiensis Osborn and Granger, near Iren 
Dabasu, Mongolia = Serridentinus gobiensis 

30. ? 1933 Serridentinus filholi Frick, Gers, France = Serridentinus filholi 
31. Mio-Pliocene 1933 Ocalientinus ojocaliensis Frick, Ojo Caliente, New Mexico =Ocalientinus ojocaliensis 
32. Mio-Pliocene 1933 Trobelodon taoensis Frick, Santa Cruz, New Mexico =Trobelodon taoensis 
33. Lower Pliocene 1933 Serbelodon barbourensis Frick, near Ainsworth, Nebraska = Serbelodon barbourensis 
34. Mio-Pliocene 1933 Trilophodon barstonis Frick, Mohave Desert, California = Serridentinus barstonis 
35. Upper Pliocene 1933 Serbelodon burnhami Osborn, near Ricardo, California = Serbelodon burnhami 
36. Middle(?) Miocne 

(Sarmatian) 1935 Trilophodon wimani Hopwood, Sining Hsien, Province 
of Kansu, China = Serridentinus wimani 

Grocrapuic RANGE.—The geographic distribution of the above species is decidedly discontinuous, namely, in 

India, Mongolia, China, Japan, Austria, France, California, western Nebraska, Kansas, Colorado, New Mexico, 

Texas, Guatemala, Mexico, Florida, North and South Carolina, and Argentina. In the Lower Miocene lignites 

of Eibiswald (Styria), Austria, occur the type and referred specimens of Serridentinus subtapiroideus which exhibit 

a grinding tooth structure very similar in form to the primitive grinders of Trilophodon obscurus of Maryland. 

CoMPANIONSHIP WITH RuINOcEROSES.—In Mongolia, Serridentinus mongoliensis occurs in the same beds 

with the smaller form of hornless rhinoceros Baluchitherium mongoliense. In Pawnee Creek, Colorado, S. proavus 

occurs in the same beds with A phelops megalodus and Teleoceras medicornutus. In Kansas, Ocalientinus (S.) repub- 

licanus occurs in the same beds with Tetralophodon campester. In Florida, O. (S.) floridanus occurs in the same 

beds with Teleoceras proterus. In New Mexico, S. productus oceurs in the same beds with the more recent T'ri- 

lophodon pojoaquensis. In the upper Snake Creek beds of western Nebraska, Serridentinus anguirivalis occurs in 

the same beds with other proboscideans such as S. nebrascensis, Pliomastodon matihewi, and Rhynchotherium 

anguirivalis. 



Fig. 345. Proboscidean localities of eastern coast 

of United States. Compare Osborn, 1910.346, fig. 171. 

6. Miocene of Maryland, Choptank formation. 
Trilophodon obscurus type. 

5. Pliocene of North Carolina, Tarboro. 

tinus (Ser.) obliquidens ref. 

4. Pliocene redeposited in Pleistocene phosphate 

beds of South Carolina, Charleston. Ocal. (Ser.) oblig- 

uidens type. 

3. Pliocene of Florida, Alachua clays, Mixson’s 

bone bed, near Williston. Ocal. (Ser.) floridanus type. 

2. Pliocene of Florida, Bone Valley formation, 

pebble phosphate beds, Brewster, Pierce. Types of 

Trilophodon simplicidens, Serridentinus brewsterensis, 
Ocal. (Ser.) bifoliatus. 

1. Pleistocene, Peace Creek, Florida. 

Ocalien- 

OSBORN: THE PROBOSCIDEA 

GroLocic RANGE.—The known geologic range of Serridentinus 

accompanied by these various rhinoceroses appears to be from the 

Middle Miocene to the Upper Phocene, from Mongolia to central 

Florida. From this friendly association of various species of Serriden- 

tinus with various species of rhinoceroses, Baluchitherium, Aphelops, 

Teleoceras, we infer that Serridentinus enjoyed similar local habitats, 

similar food regions, and similar temperature zones to those of the 

rhinoceroses and mastodonts above mentioned. It is probable that 

Serridentinus and the rhinoceroses flourished during the same geo- 

logic periods, but the rhinoceroses disappeared from America during 

Upper Pliocene time, also Serridentinus, i.e., Ocalientinus (Ser.) 

obliquidens, which thus far has not been discovered in Pleistocene 

time (Simpson, 1930, p. 208). 

DIPHYLETIC SUCCESSION OF SpEcrES.—We have observed in 

Chapter VIII that all the ascending species of Trilophodon appear 

to belong in two phyla: (A) With slender jaws, (B) with massive jaws 

(p. 331, also see Figs. 188 and 282). 

The species of Serridentine appear to belong in two ascend- 

ing phyla: (A) With roundly blunted cones and conelets which never 

form completely sharpened crests but terminate in rounded cones, 

and (B) with sharply pointed crests and smaller serrations of the 

trefoil spurs. It appears that these two Serridentine phyla evolved 

independently and gradually became adapted to different local 

habitats: (A) To a moister climate and the more succulent food of 

the eastern coast (Figs. 345, 359); (B) to a dryer climate and the 

more resistant food of the western plateaus. 

The separation of the above phyla (A) and (B), in the ease of 

certain species, is not very sharply indicated, consequently the 

LOWER MIOCENE 
Parahippus Zone 
PARAHIPPUS Pit No jase 1 Phos Co. 
ENTELODON JeWillSfon (uidon Plantation) Wi 
MESOCYON 

?BLASTOMERYX 
20XYDACT YLUS 

MIDDLE MIOCENE 
Merychippus Zone 
MERYCHIPPUS 

PLIOCENE 

Hipparion Zone 
HIPPARION 

SERRIDENTINUS, PLIOMASTODON 
APHELOPS, TELEOCERAS 
PLIAUCHENIA 

PLEISTOCENE 
Equus Zone 
EQUUS, TAPIRUS 
ARCHIDISKODON COLUMBI 

ARCHIDISKODON IMPERATOR 
ODOCOILEUS, BISON, 

CHLAMYTHERIUM, GLYPTODON, DASYPUS 

elbourne=Vero 
lero=Melbourne 

Fig. 346. Serridentines of the Florida Pliocene and contemporary Hip- 

parion, Pliomastodon, rhinoceroses, and camels. Diagram by Matthew, May, 
1926. 
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diphyletic division into (A) and (B) is to be regarded as more or less provisional until more complete material 

is discovered. 

The phylogenetic or ascending order of evolution of the thirty-four species is, however, perfectly clear; it is 

indicated in (1) the size of the third grinding teeth, (2) the number of ridge-crests, and (3) the elevation of the 

ridge-crests. The phylogenetic order, therefore, is followed below in the order of systematic descripton of the 

species of Serridentinz, with the exception of those of the Siwaliks (see Section 10 of the present Chapter). 

According to the partly theoretic division referred to above, the diphyletic grouping into (A) and (B) of the 

species of Serridentine known at the present time is as follows: 

Two ASCENDING PHYLA OF SERRIDENTINA IN PROVISIONAL ORDER 

(A) WITH ROUNDLY BLUNTED CONES AND CONELETS, NOT (B) WITH RIDGE-CRESTS PROGRESSIVELY ELEVATED AND 

FORMING SHARPENED OR ELEVATED CRESTS. RIDGE- SHARPENED, AND FINELY SERRATED TREFOIL SPURS. 

'Doubtfully referred (1935) to the genus Serbelodon. 

CRESTS WITH DOUBLE INTERNAL (ENTO-), EXTERNAL 

(BCTO-) CRESTS OR SPURS. 

THIRD SUPERIOR MOLARS SUBQUADRATE IN FORM, 

SLIGHTLY CONTRACTING POSTERIORLY. 

Ocal. (Ser.) obliquidens, Pliocene, near Charleston, S. C. 
Crests strongly inclined forwards. Ms, ap. 193e mm., tr. 83e 

mm.; with ? 5\ ridge-crests. 
Serridentinus hasnotensis, Middle Pliocene, near Hasnot, 

India. Crests massive, vertical. M®*, ap. 190e mm., tr. 94 

mm.; with 4% ridge-crests. 

Ocal. (Ser.) floridanus, Alachua clays, Pliocene, near 

Williston, Florida. Crests somewhat inclined. Ms, ap. 226 

mm., tr. 85 mm.; with 5} ridge-crests. 

Ocal. (Ser.) bifoliatus, Pliocene, Brewster, Florida. Ms, 

ap. 195 mm., tr. 81 mm.; with 5 ridge-crests. 
Ocal. (Ser.) republicanus, Republican River, Kansas. Ms, 

ap. 210 mm., tr.70mm.; with 4% ridge-crests. Pliocene. 

Serridentinus nebrascensis, Lower Pliocene, Snake Creek, 

Sioux County, Nebraska. M!, ap. 83 mm., tr. 59 mm., with 

3 ridge-crests. 

Serridentinus browni, Mio-Pliocene, near Chinji Bungalow, 

India. Msg, ap. 170e mm., tr. 80 mm.; with 4% ridge-crests. 

Serridentinus metachinjiensis, Mio-Pliocene, near Chinji 

Bungalow, India. Crests subhypsodont, no cement. Ms, ap. 

214 mm., tr. 85 mm.; with 4% ridge-crests. 

Serridentinus proavus, Pawnee Creek, Colorado. P*, 

ap. 52mm., tr. 47 mm.; with 2 ridge-crests. Upper Miocene. 

Serridentinus productus, Santa Fé marls, New Mexico. 

Ms, ap. 164 mm., tr. 74 mm. ; 4% ridge-crests. Upper Miocene. 

Serridentinus mongoliensis, Loh, Mongolia. Ms, ap. 138 

mm., tr. 63 mm.; with 3% ridge-crests. Lower to Middle 

Miocene. 

Serridentinus prochinjiensis, Mio-Pliocene, near Chinji 

Bungalow, India. Mg, ap. 105e mm., tr. 58 mm. 

Serridentinus subtapiroideus, Eibiswald (Styria), Aust ria. 

M3, ap. 150 mm., tr. 83 mm.; with 44 ridge-crests. Miocene. 

Ocal. (Ser.) florescens, Kholobolchi Nor region, Mongolia. 

Mz, ap. 131e mm., tr. 45+ mm.; with 3 ridge-crests. Pliocene. 

Serridentinus gobiensis, Iren Dabasu, Mongolia. Ms, ap. 

195 mm., tr. 87 mm.; with 4% ridge-crests. Upper Miocene. 

2To the above three species the Frick Collection has added T'robelodo: 

from the Mohave Desert, California. 

RIDGE-CRESTS WITH TREBLE OR QUADRUPLE INTERNAL 

(ENTO-), EXTERNAL (ECTO-) CRESTS OR SPURS. 

THIRD SUPERIOR MOLARS SUBTRIANGULAR IN FORM, 

RAPIDLY CONTRACTING POSTERIORLY. 

Serridentinus guatemalensis, Upper Pliocene, Chinautla, 

Guatemala. M®, ap. 170e mm., tr. 83 mm., with 4% ridge- 

crests. 

(?)Serridentinus' precursor, Upper Pliocene, Mt. Blanco, 

Texas. M3, ap. 155e mm., tr. 70 mm.; with 4% ridge-crests. 

Serridentinus brewsterensis, Lower Pliocene, Brewster, 

Florida. M%, ap. 179 mm., tr. 87 mm.; with 34-4 ridge-crests. 

Serridentinus chinjiensis, Mio-Pliocene, near Chinji 

Bungalow, India. M®, ap. 160e mm., tr.91mm.; with 4 ridge- 

crests plus cingulum. 

Serridentinus serridens cimarronis, Lower Pliocene, 

Clarendon of Texas. M®, ap. 140 mm., tr. 80 mm.; with 3% 

ridge-crests. 
Serridentinus anguirivalis, Pliocene, Snake Creek, Ne- 

braska. M3, ap. 145e mm., tr. 8le mm.; with 4 ridge-crests. 

Serridentinus serridens, Lower Pliocene, Texas. M®* 

with 4% est. ridge-crests. M?*, ap. 130 mm., tr. 80 mm. 

Apaprations (A).—The relatively low, blunt grinding teeth in 

all the above species (A) were apparently adapted to the 

more succulent vegetation of the well-watered lowlands 

of Florida and of the Atlantic States north to Maryland. 

Apaprations (B).—The sharpened grinding teeth in the 
above species (B) were apparently adapted to the less suc- 

culent vegetation of the more arid plateaus and uplands 

of the Pliocene of Texas and Mexico. The only exceptions 
are the species Serridentinus brewsterensis, which occurs 

in Florida, and S. chinjiensis occurring in India. 

Frick CoLiection, 1933* 

Ocalientinus ojocaliensis, Mio-Pliocene, Ojo Caliente, 

New Mexico. M3, ap. 177 mm., tr. 85 mm., with 43 ridge- 

crests; Ms, ap. 191e mm., tr. 75e mm., with 4% ridge-crests. 

Serbelodon barbourensis, Lower Pliocene, near Ainsworth, 

Nebraska, M®, ap. 141 mm , tr. 88 mm., with 4); ridge-crests; 

Ms, 170 mm., tr. 77 mm., with 44 ridge-crests. 

Serbelodon burnhami, Upper Pliocene, near Ricardo, 

California. 

n taoensis from Santa Cruz, New Mexico, and Trilophodon |Serridentinus) barstonis 



HyPERLONGIROSTRAL SPECIES OF TRILOPHODON (Lrrr) AND MEDILONGIROSTRAL 
ConTRAST BETWEEN 

SeRRIDENTINUS AND OCALIENTINUS (RIGHT). Compare FIGurE 234 
SPECIES OF 

RESTORATIONS BY MarGRET FLINSCH, UNDER THE DIRECTION OF Henry FatrFIELD OSBORN 
s y Ns M. i gees eae 

Uniform scale of one-hundredth natural size, as restor ed in 1932-1933 

Fig. 347. The relatively small body size, abbreviate jaws, and low stature of five species of the 

are to be compared with the larger stature and longer 
forest-loving Serridentinus and Ocalientinus 

jaws and tusks of eight species of Trilophodon. 

TRILOPHODON PHIPPSI 2600MM.,8’6%” 
NEBRASKA 

2594mm,,8/6" 
S. DAKOTA 

TRILOPHODON GIGANTEUS 
N. AMERICA 

AG 
TRILOPHODON LULLI 2000 mm., 8/o%"e 

NEBRASKA 

TRILOPHODON CHINJIENSIS 2500MM., 82%” e 
INDIA 

TRILOPHODON OSBORNI 2106MM., 6/10 Ye” 
NEBRASKA 

C 
TRILOPHODON ANGUSTIDENS 2295mmM,7/6%” 

N. EUROPE FRANCE 

Trilophodon phippsi. Restored from complete 

skeleton in Denver Museum; mandible lacking 
inferior tusks. Height 2600 mm. 

Trilophodon giganteus. Restored from nearly 

complete skeleton in American Museum (Amer. 
Mus. 17359). Height 2594 mm. 

Trilophodon osborni. Restored from complete 
cranium and partial skeleton in the Nebraska 

Museum. ‘Height 2106 mm. 

Trilophodon angustidens. Restored from 
cranium and jaws in the Paris Museum. Height 
2295 mm. 

TRILOPHODON FRICKI 2100MM.6/10%e 
COLORADO 

TRILOPHODON GAILLARD! 
FRANCE 

2295MM., 76% e 

Trilophodon lulli. Restored from the type 

upper tusks and lower jaw in the Nebraska 

Museum. Height 2600 mm. 

Trilophodon chinjiensis. Restored from com- 

plete mandible in the American Museum (Amer. 

Mus. 19421). Height 2500 mm. 

Trilophodon fricki. Restored from type jaw 

in the Carnegie Museum. Height 2100 mm. 

Trilophodon gaillardi. Restored from type jaw 

in the Lyons Museum (cast Amer. Mus. 21904). 

Height 2295 mm. 

388 

2714mm.,81034’e 

& 

OCALIENTINUS FLORIDANUS 
FLORIDA 

= 

a> so 

OCALIENTINUS QJOCALIENSIS 2262mM..7’5’e 
NEW MEXICO 

SERRIDENTINUS SERRIDENS 
TEXAS 

1900 MM.,6'2 4” e 

(727MM.,5' 8” 
TEXAS 

SERRIDENTINUS GOBIENSIS 
MONGOLIA 

" (850MM. 6" %”e 

Ocalientinus floridanus. Restored from superior 

and inferior grinding teeth in the U. 8. National 
Museum. Height 2714 mm. 

Ocalientinus ojocaliensis. Restored from superb 

skull and jaws together with skeletal parts in 
the American Museum (F':A.M. 21294). Height 

2262 mm. 

Serridentinus serridens. Restored from com- 

plete cranium in the American Museum (Amer. 

Mus. 10673). Height 1900 mm. 
Serridentinus productus. Restored from com- 

plete cranium and partial skeleton in the Ameri- 

can Museum (Amer. Mus. 10582). Height 1727 

mm. 
Serridentinus gobiensis. Restored from lower 

jaw and dentition in the American Museum 

(Amer. Mus. 26461). Height 1850 mm. 



3. SYNOPSIS OF SUBFAMILY, OF GENERIC, AND OF SPECIFIC CHARACTERS. ASCENDING 

PHYLOGENETIC ORDER OF THE SPECIES 

SuPERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILy: SERRIDENTID Fam. nov. 

SupramMity: SERRIDENTINAE Osborn, 1921 

Original reference: Osborn, Bull. Geol. Soc. Amer., 1921, Vol. XXXII, p.°330 (Osborn, 1921.526). 

SuBraMity CHaracters.—(1) The Serridentinze of Osborn are based on the genus Serridentinus 
Osborn, 1923. (2) The jaws are medilongirostral. (3) The ‘intermediate molars’ are trilophodont 
from the beginning to the end of the phylum Serridentinus as well as from the beginning to the end of 
the phylum Trilophodon. (4) The grinding teeth are relatively broader than in Trilophodon; (5) the 
trefoil crests or spurs arise on the znner conelets of the superior, and on the outer conelets of the inferior 
molar ridge-crests; (6) median conules never arise in the center of the valleys, as in Trilophodon; (7) 
the prevailing ridge formula is practically the same in Serridentinus as in Trilophodon, namely, Dp 4§ M 14 
M 23 M3;5,. (8) The superior incisive tusks persistently curve downwards and outwards and retain a 
broad functional enamel band. (9) The inferior incisive tusks are without enamel, broadly flattened, 
closely appressed, and are never greatly elongated as in Trilophodon. (10) Functional retention and 
usage of the second and third molar teeth, M 2, M 3, in both upper and lower jaws, in contrast to the 
Longirostrine (Trilophodon) and Tetralophodontine (Tetralophodon), in which mastication is finally 
concentrated on the upper and lower posterior molars, M 3. 

S. serridens 
Amer. Mus. 10673 Re’ 

T. tongirostris 

fupper) Amer. Mus. 10470 Ret (Cast) 
‘lower) Amer. Mus. 10465 

(Cast of Type) m 

1/4 nat. size 

SERRIDENTINUS (LEFT) AND TETRALOPHODON (RiGHT) GRINDING TEETH SUPERPOSED. Compare Ficures 308, 329, 349, anp 350 

Fig. 348. Heavy lines indicate lower grinders; light lines indicate upper grinders. 

A, Serridentinus serridens. Observe external trefoils of lower molars (=heavy lines); internal trefoils of upper molars 

(=light lines). 

B, Tetralophodon longirostris. Observe central trefoils, single or double, of lower molars (=heavy lines), double trefoils 

(central) of upper molars (=light lines). ‘f se 

Comparison of M®-Mg in A and B clearly illustrates the profound difference between the grinding teeth in the Serridenting 

(A) and the Tetralophodontine (B). 

The known Serridentinze now (1935) embrace thirty-four species which are subdivided into two phyletic 

series adapted respectively to moister and to dryer climatic conditions, as shown in (A) and (B) on page 387. 

389 
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The above ten subfamily characters should be compared with those of the subfamily Longirostrine enu- 

merated on page 231. The Longirostrinz consist of one generic phylum, namely, LEG elects Gneliding Choero- 

lophodon); the Tetralophodontine of one, namely, Tetralophodon (including yeas and Morrillia),; the 

subfamily Serridentine branch into four generic phyla, in which the more recent species are distinguished from 

those geologically more ancient chiefly by progressive characters such as (a) reduplication of the conelets on the 

\ 
Tetralophodon(Morrillia) barbouri a At 

Nebraska Mus 4-22-6-16 Type 
Ps a LM3 3 re al Vd ‘ z 

x4 é, | Ri <= - aa ae ee 

Se a in camoester = a Sy 4 \ if H 
Cc 2 Amer. Mus. 8527 Type — ' ‘ 

—— 1 

S. productus 2 yy S. productus 
Amer. Mus. 10582 Ref. : = Amer. Mus. 10582 Ref. 

(upper) : — (lower) 

Qil 1/4 nat, size 

Fig. 349. Contrast of adult second and third superior and inferior molars in Tetralophodon (C) and Serridentinus (A, Al), third molars in place; also in 
Morrillia (B). All one-fourth natural size. 

Genus: Tetralophodon B, Tetralophodon (Morrillia) barbouri type; left M°, with 8% crests, double trefoils, cement. Side and crown views. 

C, Tetralophodon campester type; M* with 5 full and 2 half crests, no cement. 

Genus: Serridentinus A, Serridentinus productus referred superior molars, M'*; 3}4 crests in M°. 

Al, Serridentinus productus referred second and third inferior molars; 4) crests in M3. 

A and Al, Dentition of adult skull (Amer. Mus. 10582), compare figures 369 and 370. 

‘Also with the generic characters of Ocalientinus, Serbelodon, and T'robelodon of Frick (see Sections 8 and 9). 
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sides of the crests, (b) progressive elevation of the ridge-crests from the purely brachyodont condition (e.g., Serri- 

dentinus mongoliensis) to the elevated condition (e.g., Ocal. (Ser.) floridanus), and (c) progressive addition of 

ridge-crests (e.g., M 3, ridge-crests 3%, 4%, 5). 

Consequently it appears at present that the Serridentine are polyphyletic, in contrast to the monophyletic 

Longirostrine. 

LONGIROSTRIN/: TREFOILS CENTRAL; SUPERIOR INCISIVE 
TUSKS ROUNDED, PROGRESSIVELY HORIZONTAL AND ELON- 
GATED; INFERIOR TUSKS PROGRESSIVELY ELONGATED (COM- 
PARE Figs. 172, 188). 

HyPERLONGIROSTRAL 

Trilophodon. Typified by Trilophodon angustidens; jaws 
extremely elongate and slender, increasing in length in ascend- 
ing species; third superior molars and especially third inferior 
molars narrowing to an index of 39 in 7’. angustidens; con- 
ules arising in the center of the molar crowns; trefoils from 
the center of the external cones in the lower molars, from the 
center of the internal cones in the upper molars. 

This phylum embraces all the Hyperlongirostrines, for 
example: Typical Trilophodon angustidens, Simorre, Sansan; 
T. (Genomastodon) osborni, Nebraska, T. giganteus, South 
Dakota. 

MEDILONGIROSTRAL 
Tetralophodon. Typified by Tetralophodon longirostris; 

jaws of medium length; intermediate molars with four ridge- 
crests, posterior molars with ridge-crests increasing from five 
and a half to eight and a third (Morrillia). 

SERRIDENTIN®: TREFOILS LATERAL; SUPERIOR INCISIVE 
TUSKS LATERALLY COMPRESSED, DOWNCURVED AND OUT- 
CURVED; INFERIOR TUSKS FLATTENED, LESS ELONGATED 
(COMPARE Fias. 350, 366, 370). 

MEDILONGIROSTRAL 

Serridentinus. Typified by Serridentinus serridens, etc.; 
jaws moderately elongate, relatively stout, less rapidly in- 
creasing in length, tending to decurvature; third inferior 
molars relatively broader with an index of 47 in S. productus; 
trefoils arising from the outer side of the external cones in the 
lower molars, from the inner side of the internal cones in the 
upper molars. 

This medilongirostral phylum is represented chiefly by 
the following: The genotypic species Serridentinus serridens 
of the Lower Pliocene of Texas, S. productus of the Upper 
Miocene of New Mexico, Ocal. (Ser.) floridanus of the Lower 
Pliocene of Florida, also by Siwalik species described below, 
and other forms distinguished in the present Memoir, up to 
1935. 

Recently discovered medilongirostral serridentine mas- 
todonts are: Ocalientinus ojocaliensis, Serbelodon barbourensis, 
and S. burnhami. 

DENTAL PROPORTIONS IN SERRIDENTINUS 

Crowns or Grinpers (Fig. 349).—The contrast between the crowded and medianly placed conules and 

trefoils of Tetralophodon campester (C), of T. (Morrillia) barbouri (B), and the internal-external crests or spurs of 

Serridentinus productus (A, A1) is very clearly shown in the accompanying carefully prepared figure. In the highly 

progressive species of Tetralophodon, T. campester (C) and T. (Morrillia) barbourt (B), double internal and ex- 

ternal trefoils arise in addition to the central conules; the crushing crown thereby assumes a chcerodont, plicated, 

or ptychoid structure adapted to grinding action. On the other hand, the cutting crown of S. productus (A, Al) 

elaborates the crests or spurs as in Ocalientinus (Ser.) florescens, but there are never more than single trefoils on 

the inner and outer sides respectively; the transverse crests, therefore, retain the cutting or chopping function. 

Breaptu or Grinpers (Fra. 350).—We observe that in Serridentinus (1) the superior and inferior grinding 

teeth, Dp 4-M 3, are relatively much broader than in either Trilophodon or Tetralophodon. (2) The indices of 

the third superior and inferior molars of Serridentinus, especially of M® (index 60) and M, (index 47), are much 

broader than in the typical Trilophodon in which M*=index 51 and M,=index 39. (3) When we compare these 

third superior and inferior molars in Serridentinus productus and in S. progressus with those of the true Tetra- 

lophodon campester, as beautifully drawn in the accompanying figures 343, 349, 350, and 331, we also observe a 

very marked difference in the relatively arrested development of M*-M, in Serridentinus. 



inner views 
S. floridanus 

outer views \ yt El 7—~.. Nat, Mus. 3083 Type E2 
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mer, Mus. 17725 
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S. productus 
Amer. Mus. 10582 

*. obscurus (6) 
Phila. Acad. 13278 Type 
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T simplicidens BI 
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Serridentinus mongoliensis 

Amer. Mus, 19152 Type 

SeRRIDENTINUS (D1, D2, F—F2) anp Ocaurentinus (E-E2) Inrerior GrinpErs SERRATED. TREFOILS FROM ECTOCONELETS ONLY. 

Comparative Series Bl, B2, Cl, C2 (TrmoprHopon) 

ONE-THIRD NATURAL SIZE 

Fig. 350. Observe especially: (1) Progressive increase in size; (2) addition of a pentalophid; (3) serration or denticulation of 

ectolophid crests or spurs; (4) external views to the left; (5) internal views to the right. Superior Serridentinus grinders are shown 

in other diagrammatic figures, e.g., figure 349 A, Al. 

Drawn to the same scale and placed in the same position for direct comparison are the Mongolian and American specimens of 
Serridentinus of the third inferior molar teeth, M3. To the left the external views showing the serrated ectolophid; to the right the 
internal views; in the center (F) the least progressive, (E) the most progressive members of the series. 

E, E1, E2, Ocalientinus (Ser.) floridanus type, Lower Pliocene of Florida. 

D1, D2, Serridentinus productus ref., Lower Pliocene of Texas. 

C1, C2, Trilophodon obscurus type, Miocene of Maryland. 
B1, B2, Trilophodon simplicidens type, Lower Pliocene of Florida. 
PF, F1, 2, Serridentinus mongoliensis type, Miocene of Mongolia. 
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Genus: SERRIDENTINUS Osborn, 1923 

Original reference: Osborn, Amer. Mus. Novitates, No. 99, p. 2 (Osborn, 1923.601). 

Genotypic species (cf. Osborn, 1923.601, p. 2): Based upon the genotypic species Mastodon productus Cope, M. serridens Cope, M. 
floridanus Leidy, . . . below, characteristic of the southeast coast of the United States, abundant in Florida; clearly distinguished 

from Trilophodon by the serrate crests ascending on the outer cones of the lower molars and on the inner cones of the upper molars; 

true trefoils, i.e., intermediate conules in the center of the valleys, observed in all species of Trilophodon, are wanting. 

Generic CHARACTERS.—(1) Ridge-crests progressively increasing in number from three and three- 
quarters (Serridentinus mongoliensis) to four and a fifth (S. productus), to five and a quarter (Ocalien- 
tinus (Ser.) floridanus). 

Primitive ridge formula: ?Dp 4% ?P 43¢ M 14 M 2% M3 ~2"2eeeare te 3 3/4 progressive to 5 V/4 

(2) Primitive Miocene molars brachyodont with more or less prominent lateral crests or trefoil spurs 
on the internal cones of the superior molars and on the external cones of the inferior molars (3) Three 
superior and inferior grinding teeth (M 1-M 38) in use at the same time. (4) Cones gradually elevating 
from the extremely brachyodont (S. subtapiroideus) to the more elevated, subhypsodont (Ocal. (S.) 
floridanus, Ocal. (S.) republicanus) stage. (5) Serrations or conelets of trefoil spurs progressively more 
prominent with tendency to reduplicate (Ocal. (Ser.) floridanus, Ocal. (S.) florescens). 

GEOLOGIC, GEOGRAPHIC, AND PRoGRESSIVE RANGE.—(1) This previously unrecognized genus first appears 

in the geologically very primitive Serridentinus mongoliensis discovered to the north of the eastern Altai in Mon- 

golia, apparently of Lower to Middle Miocene age; the third inferior molar, Ms, is characterized by only three 

main crests and a low fourth crest (Fig. 350 F, Fl, F2). (2) A primitive succeeding (Upper Miocene) stage, - 

though geographically remote, is Serridentinus productus of the Santa Fé marls of New Mexico (Fig. 350 D1, D2), 

in which M; exhibits four somewhat more elevated crests and a more distinctly serrated condition of the trefoil 

spurs. (3) The accompanying diagram illustrating the progressive structure of the third inferior molar is 

arranged in ascending order of size also in the apparent ascending order of the progressive characters of the third 

inferior molar teeth, viewed in the internal aspect (Fig. 350 F2-E2), in the external aspect (F1-E1). Trilophodon 

simplicidens (B1, B2) and Trilophodon obscurus (C1, C2) were included in this figure as they were considered at 

the time as referable to the genus Serridentinus. 

One of the genotypic species of this genus is Mastodon |= Serridentinus] serridens Cope from the Pliocene of 

Texas. This specific stage (see Fig. 342) is much more progressive than that of any of the Miocene species 

shown in the table below giving the ascending phylogenetic order. Yet in all the following twenty species now re- 

ferred to this genus, the above generic characters may be observed in different degrees of evolution. 

ProvisIonAL ASCENDING PHYLOGENETIC ORDER OF THE SPECIES OF SERRIDENTINUS' 

(A) BLUNT RIDGE-CRESTS (B) SHARP RIDGE-CRESTS 

PLIOCENE M10cENE PLIOCENE 

Serridentinus obliquidens* Serridentinus gobiensis 

Serridentinus hasnotensis Serridentinus mongoliensis 

Serridentinus floridanus* Serridentinus annectens 

Serridentinus bifoliatus* M10-PLi0cENE 

Serridentinus republicanus* Serridentinus browni 

Serridentinus progressus : 
Serridentinus(?) filholi 

Serridentinus productus 
Serridentinus proavus 

1As to blunt- and sharp-crested Serridentine phyla, compare also Appendix. 

2Now referred to the genus Ocalientinus Frick, 1933. 
’Now (1935) doubtfully referred to Serbelodon. 

Serridentinus lydekkert Serridentinus metachinjiensis 

Serridentinus florescens” Serridentinus prochinjiensis 

Serridentinus nebrascensis M10cENE 
Serridentinus subtapiroideus 

Serridentinus quatemalensis 
(?)Serridentinus precursor* 
Serridentinus brewsterensis 
Serridentinus serridens cimarronis 
Serridentinus anguirivalis 
Serridentinus serridens 

M10-PLIOcENE 
Serridentinus chinjiensis 



394 OSBORN: THE PROBOSCIDEA 

The above arrangement of the species in ascending phylogenetic order is preliminary to a fuller knowledge of 

their real characters. In addition to the thirty-four species listed above (p. 384), it seemed possible that the 

Mastodon angustidens var. libyca of Fourtau, North Africa, might belong to this Serridentine phylum, since the 

third inferior molar, Ms, lacks the excessively long, narrow character of T’rilophodon and resembles Serridentinus 

in proportion. Finally it has been placed in the subfamily Longirostrine (see Chapter VIII, p. 260). 

ProGressiveE Hyrsoponty.—The height of the tritolophid or of the tetartolophid in M; may be used as a 

means of determining the hypsodonty in the following specimens: 

0. (S.) floridanus, Leidy’s type, r.M3, of Mastodon floridanus (cast Amer. Mus. 17725), height of tetartolophid........ 80 mm. 

S. productus, Cope’s type, r-Mz, of Mastodon productus (Nat. Mus. 2346), height of tetartolophid............... 42 

S. proavus, Cope’s type of Mastodon proavus (Amer. Mus. Cope Coll. 8523), height of (?)tritoloph of r.M'....... 52e 

T. obscurus, Leidy’s type, 1.M3, of Mastodon obscurus (Phil. Acad. 13278), height of tetartolophid............ 52 

T. simplicidens, Osborn’s type, r.Ms, of Serridentinus simplicidens (Amer. Mus. 1907), height of tetartolophid. .......35 

I. Ascending Phylum (A). Blunt Ridge-crests 

ASCENDING PHYLUM (A) OF SERRIDENTINUS, INCLUDING ALL SPECIES WITH ROUNDLY BLUNTED CONES AND 

CONELETS, NOT FORMING SHARPENED OR ELEVATED CRESTS. 

TREFOIL SPURS WITH SINGLE, DOUBLE, OR TREBLE 

THE RELATIVELY LOW, BLUNT GRINDING TEETH IN ALL THE SPECIES 

(ENTO-), EXTERNAL (ECTO-) CONELETS. 
CONELETS. 

RIDGE-CRESTS WITH DOUBLE INTERNAL 

DESCRIBED BELOW WERE APPARENTLY ADAPTED TO THE MORE SUCCULENT 

VEGETATION OF THE WELL-WATERED LOWLANDS OF FLORIDA AND 

OF THE SOUTH ATLANTIC STATES 

4. EKURASIATIC SPECIES 

Serridentinus subtapiroideus Schlesinger, 1917 

Figures 351 Bl, B2(?), 352, 353 

Wies, near Hibiswald (Styria), Austria. 

Sansan. 

This Middle Miocene forest-living species (Figs. 351-353), of 

the lignites of Eibiswald, proves to belong in the genus Serridentinus 

and represents a stage of evolution more progressive than T'rilopho- 

don obscurus of Maryland and close to S. productus of the Upper 

Miocene of New Mexico and the Lower Pliocene of Texas. The 

third superior molar of S. subtapiroideus (Fig. 352) is more 

progressive than that of S. productus (Fig. 370), because it is 

composed of four plus ridge-crests. 

Speciric CHARACTERS OF SERRIDENTINUS SUBTAPIROIDEUS 
(Figs. 352, 351 B1).—Trefoil spurs with single conelets arising 

from the inner cones in the superior molars, from the outer cones in 
the inferior molars, inner and outer cones partly separated by a 
longitudinal fissure. Summits of inferior cones surmounted by 
two to three conelets, summits of superior cones surmounted by 
three conelets; subzygodont aspect of the lophs; superior and 
inferior molars relatively broad and short as compared with the 
typical Trilophodon angustidens; M2, ap. 112 mm., tr. 72 mm., 
index 64; M°, ap. 150 mm., tr. 83 mm., index 55; M? elongated 
subtriangle, narrowing posteriorly (unlike Trilophodon), four 
plus ridge-crests, height of external cone of protoloph 45e mm. 

Mastodon (Bunolophodon) angustidens Cuv. f. subtapiroidea 
n. f. Schlesinger, 1917. “Die Mastodonten des K. K. Natur- 

Lower Middle Miocene, age of 

historischen Hofmuseums.”’ Denks. K. K. Naturhist. Hofmu- 

seums, Band I, 1917, pp. 30, 31, 35, 37. Cotyprs.—A juve- 

nile maxilla (Taf. m1, fig. 2, and Taf. rv, fig. 1) and an adult maxilla 

containing r.M?* (Taf. vu, fig. 3—cast Amer. Mus. 2572), 

in the K. K. Naturhistorische Hofmuseum of Vienna; a right 

third inferior molar, r.M3, of an adult specimen (Taf. vim, figs. 

1, 2), in the K. K. Geologische Reichsanstalt, Vienna, also a left 

third superior molar, ].M? (p. 31, text fig. 3) in the Palaontologische 

Institut der Universitat, Vienna. Horizon AND LocaLiry.— 

Wies, near Eibiswald (Styria), Austria, lower Helvetian, lower 

Middle Miocene. 

Cotyrrs (Fias. 352 AND 353 OF THE PRESENT Mermorr).— 

The cotypes of the above species (Schlesinger, 1917, pp. 30, 31, 35, 

37), as fully described and figured in Schlesinger’s Memoir, are all 

from the lignites of Eibiswald, no single specimen being designated 

by the author. Consequently we may properly select as one of the 

cotypes highly characteristic of this important species the following 

figured grinding teeth: M?, M of the right side (Taf. vu, fig. 3); 

Schlesinger’s figure of these teeth is reproduced in figure 352 of the 

present Memoir. Other of Schlesinger’s cotypes, as enumerated 

above, are an M? of the left side (p. 31, fig. 3), a juvenile maxilla 

(Taf. 11, fig. 2, and Taf. 1v, fig. 1), and a right third inferior molar of 

an adult specimen (Taf. vim, figs. 1, 2). 

Coryrr Drscriptrion.—The cotype description is based solely 

on the molar teeth, as follows (op. cit., p. 37): ‘““B. M. (Bl.) angus- 

tidens Cuv. f. subtapiroidea n. f£. Typus: Formen von Eibiswald. 
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M 8 aus je 4-42 (bisweilen 3x) Jochen, jedes aus zwei spitzen Haupt- 
héckern, welche deutlich mehrspitzig sind. An der pritriten 
Halfte nur an den vorderen Jochen je ein schwacher Sperrhécker 
vorn und hinten. Die mangelhafte Ausbildung von Zwischen- 
héckern lisst den Zahn tapiroid erscheinen. Taler tief und ziem- 
lich offen. Kaufiguren breit, lanzettformig bis oval und zur 
Horizontalebene mehr oder weniger geneigt.’’ 

Fig. 351. 

Typical Trilophodon: A1,A2 

Al, “Mastodon (Bunolophodon) an- 

gustidens Cuvier forma typica autorum. 

Abbildung 3: Mg sin. (stark nieder- 

gekaut); man achte auf die kreis- 

férmigen, horizontalen Kaufiguren 

und die miichtigen, auch noch am 
hinteren Hang des letzten Joches vor- 
handenen Sperrpfeiler. Fundort: Poys- 
dorf (Niederésterreich), Sandgrube des 

Heinrich Schédl. Horizont: Grunder 
(=Obere Helvetische) Stufe des Mio- 

ziins. Wiedergabe: Natiirl. Gr.’’ A left 
third lower molar, 1.Ms3, of Trilophodon 
angustidens. After Schlesinger, 1917, 
Taf. vm, fig. 3. One-third natural size. 

A2, Right M! referred to Mastodon 

(Bunolophodon) angustidens, from the 
sands of Guntersdorf, Helvetian Mio- 

cene of Austria. After Schlesinger, 
1917, Taf. m1, fig. 2 (crown view), and 
Taf. m, fig. 1 (inner view). One-third 

natural size. 

SERRIDENTINUS SUBTAPIROIDEUS (BI, B2?); COMPARED WITH 

TRILOPHODON ANGUSTIDENS (Al, A2) WITH CENTRAL CONULES 

Serridentinus: B1, B 2 (?) 

Bl, ‘Mastodon (Bunolophodon) 

angustidens Cuvier forma subtapir- 

oidea nova forma. . Abbildung 

3. Maxillarrest mit M?*dext. von 
der Kaufliiche. Fundort: Braun- 

kohle von Vordersdorf bei Eibiswald 

(Steiermark). Horizont: Untere 

Helvetische Stufe des Mioziins. 

Wiedergabe: 4 naturl. Gr.” Cotype 
third superior molar, r.M*, of Ser- 

ridentinus sublapiroideus. After 

Schlesinger, 1917, Taf. vu, fig. 3, 

one-third natural size (see also Fig. 

352). Cast Amer. Mus. 2572. 

B2 (?), Lower incisors from lig- 

nites, Eibiswald (Steiermark), re- 

ferred by Schlesinger, 1917, Taf. 1, 

fig. 6, to Mastodon (Bunolophodon) 

[=Serridentinus sub- 

One-third natural size. 

angustidens 

tapiroideus}. 

CoMPARISON WITH SERRIDENTINUS PRODUCTUS (FIG. 349).— 

The excellent cast of the cotype specimen (Amer. Mus. 2572), 
presented to the American Museum by Doctor Schlesinger, enables 

us to place this specimen (Fig. 352) in close comparison with the 

teeth of Serridentinus productus (Fig. 349). 

Cuaracters oF Cotyrr (Fra. 353). 

353, described by Schlesinger as a subspecies, namely, ‘M. (Bl.) 
The cotype (see Fig. 

angustidens Cuv. f. subtapiroidea n. f.,” is a relatively short and 
broad third superior grinder of the left side, 1.M?. Figure 353, 
after a photograph kindly loaned by Doctor Schlesinger, displays 
the characters of this tooth in some respects more clearly than the 
figure in Schlesinger, 1917, p. 31, fig. 3. This cotype tooth has three 
main crests, protoloph, metaloph, tritoloph, and an incomplete 
tetartoloph. It is excluded from Trilophodon by the absence of 

Ricut Seconp anp Tried Surerton Mouars or SERRIDENTINUS 

SUBTAPIROIDEUS 

Fig. 352. Cotype figure of Serridentinus subtapiroideus from Eibiswald 
(Styria), Austria, after Schlesinger, 1917, Taf. vu, fig. 3: “Abbildung 3: 

Maxillarrest mit M?** dert. von der Kaufliche. Fundort: Braunkohle von 
Vordersdorf bei Eibiswald (Steiermark). Horizont: Untere Helvetische Stufe 

Wiedergabe: 45 natiirl. Gr.” Reduced to one-half natural size 
Cast Amer. Mus. 2572. 

des Mioziins. 

median conules in the center of the valleys; it shows affinity to 

Turicius by the presence of more or less serrate or denticular crests 

extending down the sides of the internal cones. Thus there are no 

median trefoils, but we find internal trefoils on the superior molars 

clearly seen on the protoloph and the tritoloph. The summits of 

the three transverse crests tend to become zygodont; both the 

inner and the outer cones split into two conelets, e.g., Schlesinger, 

1917, p. 37. . . . “jedes aus zwei spitzen Haupthéckern, welche 

deutlich mehrspitzig sind.’”’ This is a primitive stage of the molar 

tooth pattern characteristic of the American species of Serridentinus. 

Hasirat.—The animal is described by Schlesinger (op. cit., 
p. 45) as more zygodont and as frequenting the forested swamps 

(sumpfwald) of the Miocene lignites of Styria, Wies, near Eibis- 

wald, where a referred ‘M.’ tapiroides Cuvier is also recorded (op. 

cit., p. 56), also at Steinheim (op. cit., p. 57). On the contrary, 

Sansan is regarded by Schlesinger (op. cit., p. 59) as containing a 

dry forest fauna of the savanna type interspersed with larger and 

smaller grass meadows in which occurs the typical 7’. angustidens. 

CHARACTERISTIC OF LiGNitic Deposits (SCHLESINGER, 1917).— 

Following the type description there are in Schlesinger’s Memoir 

of 1917 frequent references in the text and in the figure and plate 

legends to animals which he refers to Mastodon (Bunolophodon) 

sublapiroidea. On page 228 he compares this animal with Cope’s 

Mastodon productus and M. proavus and with Leidy’s M. obscurus, 

but he does not separate it into a distinct phylum either in the 

text or in his concluding review, pp. 224-230, entitled, “ Zusammen- 

fassung der phylogenetischen Ergebnisse.” 

In the plates (Pls. u, m1, vm, and vim) Schlesinger distin- 
guishes between Mastodon (Bunolophodon) angustidens forma typica, 
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chiefly found in sand deposits, and Mastodon (Bunolophodon) 

angustidens var. subtapiroidea, chiefly found in lignitie deposits of 

Helvetian age, Middle Miocene. Examples of the latter are: 

P’, Taf. m1, fig. 2, and especially the beautiful figure of M?, 

M3, Taf. vu, fig. 3, Eibiswald (Steiermark), reproduced herewith 

(Figs. 352, 351, B 1), also Ms, Taf. vim, figs. 1,2. M?, M’, Eibiswald, 

of Taf. vu, fig. 3, measure 253.7 mm., as compared with 297 mm. 

in the two corresponding teeth of Serridentinus productus from 

the Clarendon, Lower Pliocene of Texas. 

Scuiestncer, 1922—In his Memoir of 1922, Taf. vu, figs. 

5-7, also fig. 9, Schlesinger adds a number of teeth from Hungary 

in the Budapest Museum which he refers to his species subtapirozdea 

in the legends but which appear to Osborn to belong rather to M. 

angustidens forma typica. In the same work, Taf. vit, fig. 10, a 

tooth figured as belonging to subtapiroidea we should regard as 

belonging to Pliomastodon praetypica (Chap. VI). A similar tooth 

Cotyrr Surrrior Mouar, Lerr M’, or 
SERRIDENTINUS SUBTAPIROIDEUS 

Fig. 353. One of the cotypes of M. (Bunolophodon) 

angustidens Cuy. f. subtapiroidea Schlesinger, 1917, 

left side, 1.M*. Type loc.: Wies near Eibiswald 

(Steiermark), Austria; lignites, Helvetian,lower Mid- 

dle Mioceme. After original cotype specimen in the 

collection of the Palaeontological Institute, Univer- 

sity of Vienna. Photograph loaned by Doctor Schle- 

singer. Reproduced one-half natural size. Compare 

Schlesinger, 1917, p. 31, fig. 3. 

Observe that in this cotype the tetartoloph is much 

less strongly developed than in the cotype (Fig.352); 

consequently Osborn doubts whether this cotype 

specimen is typical of the species. 

is described as follows in the legend of Taf. x1v: ‘Mastodon 

(Mammut) americanus Pennant forma praetypica Schlesinger. 

Figur 5: M? deat. von der Kaufliche. Fundort : Rakoskeresztir, 

Komitat Pest. Horizont: Levantin (Mittelplioziin). Wiedergabe: 

¥% natiirl. Gr.” 

Serridentinus mongoliensis Osborn, 1924 

Figures 350 F-F2, 354 

Loh formation, Lower to Middle Miocene, Mongolia. 

One of the most welcome discoveries of the Central Asiatic 
Expedition of 1922 was the type of Serridentinus monqoliensis 
found in the Loh formation, of Lower to Middle Miocene age, 
Mongolia. These lower grinding teeth serve to demonstrate the 
migration of a very primitive member of the phylum Serridentinus 
through the heart of northern Asia en route to North America. 
The type consists of a fragmentary series of lower grinding teeth 

'Throughout the description of 

outer view 
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of the right and left sides (Amer. Mus. 19152), including 1.Dp,,! 

1.My, r.-Me-s. 
A generic character of Serridentinus is displayed (Fig. 354) 

in the single conelets on the external side as an ectolophid, best seen 

in the outer view. Thespecimen occurred in a thin deposit of olive- 

colored clays and light gray sandstone resting on the red-banded 

beds of the Hsanda Gol formation at Loh, now believed to be of 

Middle Miocene age. In the same beds occurs the small species 

‘Baluchitherium’ mongoliense. 
Serridentinus mongoliensis Osborn, 1924. “‘Serridentinus and 

Baluchitherium, Loh Formation, Mongolia.”” Amer. Mus. Novi- 

tates, No. 148, November 11, 1924, pp. 1-3. Typr.—A series 

of right and left inferior grinding teeth: r.Ms, r.Ms, also a left 

deciduous premolar, |.Dp,, and one left grinder, ].M:; in juvenile 

condition, Dp, greatly worn, M, partly worn, M»-; embedded in the 

1 Horizon anp Locauiry.—Loh, near camp. jaw. Upper 

Serridentinus mongoliensis 
Amer. Mus, 19152 Type 

Fig. 354. Type of Serridentinus mongoliensis (Amer. Mus. 19152), four lower 

grinding teeth, P4 (Dps)-M3, Loh formation, Lower to Middle Miocene, Mongolia. 

After Osborn, 1924.630, fig. 1, p. 2. One-fourth natural size. 

(Upper) external view. (Middle) crown view. (Lower) internal view. The 

teeth are from the right side, except the fourth deciduous premolar, l.Dps,' and 

the first molar, 1.M; (rev.), which are from the left side. 

olive clays. Loh formation, Lower to Middle Miocene, Mongolia. 

Found by J. B. Shackelford, July 15, 1922, Field No. 71 (Amer. 

Mus. 19152). Type Ficgure.—Op. cit., 1924.630, p. 2, fig. 1. 

Type DescripTion.—(Op. cit., 1924.630, pp. 2,3): ‘The type 

specimen was found in an extremely fractured condition and was 

restored, as shown in figure 1. It required great skill in reconstruc- 

tion; the restored parts are indicated by dotted lines. The princi- 

pal measurements in millimeters, all estimated, and indices (I.) 

are: 

ps (dps) -ms ine. = 420e 

Ps (dps), much worn, ap. 65, tr. 51, I. .78 

my, left, ap. 99) tr: 58) 15.59 

me, right, ap. 108, tr. 59, I. .55 

ms, right, ap. 188, tr. 63, I. .46 

. . . As compared with S. productus, the type of S. mongoliensis is 

a smaller animal, m;-3 measuring 340 mm. _S. mongoliensis is also 

Serridentinus mongoliensis the fourth permanent premolar (P4) in figure 354 is incorrectly described as an 1.Dps. 
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less progressive, each loph consisting of four conelets (by reduplica- 
tion of the two primary cones, corresponding with the protoconid 

and metaconid in each loph), and two large trefoil conules on each 

side of the external cones (corresponding with the protoconid). 
More in detail: the crown of dp, is entirely worn off; the crown of 

left m; is largely worn off; in the crown of m: the protolophid is 

wanting; the metalophid has the typical structure described above, 

namely, four conelets, two trefoil conules; in the tritolophid the 
cones are less distinctly paired into conelets, there is a small 

anterior trefoil conule and a large posterior. In the right ms, the 

protolophid has a very large anterior trefoil conule, a small posterior; 

the metalophid is typical, consisting of four symmetrical conelets 

and two symmetrical trefoil conules; the trito!ophid is less progres- 

sive; the tetartolophid is depressed and consists of three main 

conelets. These specific characters may be verified by applying 

the magnifying lens to figure 1 [Fig. 354 of the present Memoir].”’ 

“Spreciric CHARACTERS.—Ridgecrest formula of S. mongolien- 

sis: P 493; M ly M 23 M 33. In each typical ridgecrest (e.g., 

the metalophid) three [four] conelets and two trefoil conules 

attached to the external cones. 

ductus.” 

Osborn, 1926: The observations in the above quotation of the 

original description of 1924 are entirely confirmed by subsequent 

studies. This Mongolian species certainly belongs in the genus 

Serridentinus; furthermore, it belongs in series A in which the 

cones and conelets have excessively obtuse, rounded summits. 

In the type figure (Fig. 354) both the fourth lower deciduous pre- 

molar and the first lower molar probably belong in the left jaw. 

Molar proportions as in S. pro- 

Ocalientinus (Serridentinus) florescens Osborn, 1929 

Figure 355 

Kholobolchi Nor region, Mongolia, five to eight miles north of camp. 

Khunuk formation, Pliocene, possibly equivalent to the Hung Kureh beds of 

the Tsagan Nor region. 

Serridentinus' florescens Osborn, 1929. ‘‘New Eurasiatic 

and American Proboscideans,’’ Amer. Mus. Novitates, No. 393, 

1929, p. 6 (Osborn, 1929.797). Typr.—Second inferior 

molar of the right side, r.M2, crushed laterally. Collected by 
Walter Granger on June 30, 1925; Amer. Mus. 21615, Field No. 
543. Horizon anpd Locauiry.—Kholobolehi 
Mongolia, five to eight miles north of camp, Khunuk formation, 

Pliocene, possibly equivalent to the Hung Kureh beds of the 

Tsagan Nor region. Tyre Ficure.—Op. cit., Osborn, 

1929.797, p. 7, fig. 7. 
The specific name florescens refers to the remarkable florescence 

or blossoming out of the external trefoil spurs into broad antero- 
posterior plates crowned with four to five conelets which greatly 
exceed in prominence those of any other species of Serridentinus. 

The.type tooth was first regarded as akin to Serridentinus mongolien- 

sis, but on examination (see Fig. 355) it appears that this unique 

molar has progressed far beyond S. mongoliensis (Fig. 354) in the 

elevation and elaboration of the outer cones which apparently rise 

above the inner cones (Fig. 355A). The length of the type crown 

(13le mm.) exceeds that of r.Mz in S. mongoliensis (108 mm.); the 

breadth of the tritolophid is 45+ mm. and is greatly contracted by 

lateral crushing; the estimated height of the three internal cones 

(45e mm.) exceeds the height of the internal cones of S. mongoliensis 

Nor region, 

‘Referred (1935) to the genus Ocalientinus. 
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(40e mm.); the summit of the external cones and spurs (50e mm.) 

exceeds that of S. mongoliensis (42e mm.). Consequently this 

second inferior molar of S. florescens represents an individual] about 

The 

anterior border gives rise to a low cingulum; the tooth is apparently 

one-fifth larger than the type individual of S. mongoliensis. 

broader behind; the posterior border terminates with a low postero- 

Tyre or OCALIENTINUS (SERRIDENTINUS) FLORESCENS 

A second inferior 

molar of the right side, r.Mz (Amer. Mus. 21615), from the Kholobolehi 

Reduced to about 

Laterally crushed; actual length 13le mm. 

A, Internal aspect, anterior surface of the crown to the left, exhibiting 

Fig. 355. Type of Serridentinus floresce ns‘ Osborn. 

Nor region, Khunuk formation, Pliocene, Mongolia 

two-thirds natural size. 

three large internal cones and florescent external crests. 

B, External aspect of same tooth, with anterior surface of the crown to 

the right, showing partly fractured external crests 

After Osborn, 1929.797, p. 7, fig. 7. 

internal conelet; the internal cones are bifid, supporting a large 

inner and lesser median conelet; the external cones are compressed 

transversely and expanded anteroposteriorly rising to a central 

apex, with one anterior and three posterior conelets on the trefoil 

spurs. 

Ocalientinus (Ser.) florescens appears to represent a progres- 

sive stage in the evolution of the serrated crests of the ectocone- 

lets, comparable with those of O. (S.) floridanus, as shown in Fig. 

379, p. 417, below. 

GroLocy.—The type was collected by Dr. Walter Granger, 

who gives the following description of the locality and level: 

In the Kholobolchi Nor region of Mongolia there are three 

areas of late deposits considered, in the field, as being of Pleistocene 

age; the geologists were of the opinion that these three exposures 

were of the same age, and the name ‘“‘ Khunuk” was given to the 

formation. The three exposures mentioned in the Kholobolchi 

Nor region are respectively north, northeast, and east of the lake; 

the type of florescens' comes from the northern 

exposure of the ‘“‘Khunuk” and represents the only specimen ob- 
Serridentinus 

tained in that particular locality. 
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Serridentinus gobiensis Osborn and Granger, 1932 

Figures 357 and 286G, Gl 

From the Tung Gur Upper Miocene beds, about forty miles southeast of 

Iren Dabasu, Inner Mongolia. 

The type of this species was discovered in 1930 by Roy Chap- 

man Andrews, chief of the Central Asiatic Expedition, on the 

western edge of the Tung Gur tableland (Fig. 356) in the Tung 

Gur formation, Platybelodon grangeri life zone, now regarded as of 

Upper Miocene age. 
Associated with these Platybelodonts or ‘flat-tuskers’ was the 

type specimen (Amer. Mus. 26461) of the genus Serridentinus 

described by Osborn and Granger (1932.886) as Serridentinus 

gobiensis, a welcome addition to the Serridentine fauna of the 

ancient Gobi, to which the species Serridentinus [Ocalientinus] 

florescens was previously referred. 

Serridentinus gobiensis Osborn and Granger, 1932. “‘Platy- 

belodon grangeri, Three Growth Stages, and a New Serri- 

dentine from Mongolia,’ Amer. Mus. Novitates, No. 537, 

1932, pp. 11-13. Typr.—‘‘A finely preserved right ramus of 

the lower jaw supporting M>.-3 and with complete symphysis and 

both incisors.” Amer. Mus. 26461. Horizon anp LocaLity.— 

From the Tung Gur Upper Miocene beds, about forty miles south- 

east of Iren Dabasu, Inner Mongolia. Typr Ficgure.—Op. 

cit., Osborn, 1932.886, p. 12, fig. 8. 

Spreciric CHARACTERS OF S. GOBIENSIS.—EHxtreme length of 

ramus from tip of incisor tooth to posterior border=1090 mm. 

Extension of lower incisor beyond alveolar border=125 mm. 

Greatest diameter of tusk at alveolar border =50 mm. Mb, 

ap. 125 mm., tr. 85 mm. Ms, ap. 195 mm., tr. 87 mm. The 

lower border of the ramus, from the alveolar edge to the angle of 

the jaw, is a nearly straight line which is set off at an angle of about 

15° from the plane of the molar crowns. Lower tusks rounded on 

the lower and outer surface and somewhat flattened on the lingual 

face. Mp» with three ridges, M; with four ridges and a heel. Ser- 

®]} 8 
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Fig. 356. The two working camps of the 1930 Central Asiatic Expedi- 

tion are here shown in Wolf Camp in the Upper Miocene (Platybelodon) beds 
of the Tung Gur tableland and Camp Margetts to the westward in the Upper 
Eocene (Irdin Manha) and mid-Oligocene (Houldjin Gravels). After Osborn 
and Granger (Osborn, 1932.886, fig. 1). 
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> SERRIDENTINUS 

GOBIENSIS 

TYPE 

A.M.2646l 

Fig. 357. Type of Serridentinus gobiensis Osborn and Granger, 

1932, p. 12, fig. 8. Amer. Mus. 26461. From the Tung Gur forma- 

tion, Upper Miocene. 
An isolated adult specimen exhibiting the rodlike inferior 

incisors; M2 with three ridge-crests, M3 with four and a third ridge- 

crests. Three aspects of the mandible after retouched photograph, 
one-twelfth natural size. Inset—retouched photograph of r.M3 

exhibiting the crescentic external spurs characteristic of the genus 

Serridentinus; one-sixth natural size. 

rated spur-crests or molar borders. Molar pattern extremely 

simple and lophodont. 

Serridentinus gobiensis may be compared with other trilopho- 

donts from Central Asia. From Trilophodon (Serridentinus?) 

inopinatus Borissiak it differs in its much greater size—the Ms; 

being about one-third longer—and in the presence of an extra 

half-loph on M;. The rather highly elevated condyle and coronoid 

in S. gobiensis is a further distinction from Borissiak’s form. From 

S. mongoliensis Osborn, from the Loh formation, and Ocal. (S.) 

florescens Osborn from the Khunuk beds, both of the western Gobi, 

this species S. gobiensis is readily distinguishable by the simplicity 

of the molar pattern. It is without much doubt older geologically 

than O. (S.) florescens, which is probably not older than the Pliocene. 

Serridentinus gobiensis is in a stage of evolution closely similar 
to that of the Miocene S. subtapiroideus of Hibiswald (Styria), 
Austria, contemporaneous in France with Sansan and Simorre. 

Compared with S. subtapiroideus Schlesinger (Figs. 351, B1, and 
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352), in which M? measures 150 mm., the third inferior molar, Ms, 
of Serridentinus gobiensis measures 195 mm.; the rudiment of the 

fifth crest or pentaloph observed in M® of S. sublapiroideus (Fig. 
352) naturally would correlate with the distinct, conical penta- 

lophid talon in M; of S. gobiensis. 

he 

Serridentinus with its small sub-rounded tusks probably had 

quite different food habits and consequently a different local 

range from its geologic contemporary, Platybelodon grangeri. It 

was an ‘uproot-tusker.’ The fact that, aside from a few tooth 

fragments, the type jaw of Serridentinus gobiensis is the only 

mastodont, other than Platybelodon, found in the 
00 

» 

102° Tung Gur regions would indicate that either it 

was a relatively rare form or that its main habitat 

was different from that of the ‘flat-tuskers.’ 

Fig. 358. 
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PROBOSCIDEA 
Serridentinus productus Ref. x 

Trilophodon brazosius Type x 

Serridentinus serridens Type x 

Serbelodon(?) precursor Type > 

Rhynchotherium falconeri Type x 

Rhynchotherium sp. x 

Stegomastodon mirificus Ref. x 

Stegomastodon texanus Type x 
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Stegomastodon successor Type 

Stegomastodon arizonx» Type 

Cordillerion defloccatus Type 

Cordillerion gratum Type 

Cordillerion orarius Type 

Cordillerion bensonensis Type 

Archidiskodon (?)nebrascensis Ref. 

6) Pleistocene | 

@ Blanco 

® Hemphill 

@ Goodnight 

poreinaneet 

@) Clarendon 
100° 

i Levett Bradley.195" SCALE 
—4 MILES 

Mastodon progenius Ref. 

Mastodon americanus Ref. 

Tetralophodon fricki Type 

PERISSODACTYLA 
Teleoceras fossiger 

Aphelops cf. mutilus 

Protohippus perditus 

Pliohippus fossulatus 

Plesippus cumminsit 

Plesippus simplicidens 

Hipparion phlegon 

Hipparion eurystylum 

Hipparion lenticulare 

Hipparion affine 

Hipparion occidentale 

Equus excelsus 

Equus giganteus 

ARTIODACTYLA 

Procamelus robustus 

Pliauchenia spatula 
Camelops hesternus 

Platygonus bicalcaratus 

EDENTATA 
Glyptotherium leranum 

Glyplotherium arizonae 

Megatherium mirabile 

Megalonyz leptostomus 

Mylodon harlant 

x x x 

tx 

x X 

x XX 

XXX xX 

x 

x 
<a = Saab 

Se This is a | is a preliminary list. A more complete list will be given in Volume II, Chapter XVI (Archidiskodon). While the accompanying map does not in- 

clude Arizona, where the San Pedro beds are located, a column has been inserted showing the P roboscidea of these beds; the associated fauna is omitted. 
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OSBORN: THE PROBOSCIDEA 

Fig. 359. Mro-PLioceNE TrRTIARIES OF FLoRIDA. AFTER 

Simpson, 1930, p. 152, Fic. 1. ADAPTED FROM CoOKE AND Mossom. 

Fossil fauna of Florida, from Lower Miocene to Upper Pleistocene 

time; chiefly due to studies of Dall (1887-1896), Leidy and Lucas 

(1884-1896, 1899), Cope (1889-1896), Gidley (1891, 1913, 1926, 1928), 

Matthew (1909-1924), Osborn (1909, 1910), Sellards (1910-1924), 

Chamberlin (1917), Holmes (1924-1926), Loomis (1924, 1925), Cooke 

(1926, 1928), Cooke and Mossom (1929), Simpson (1928-1933). 

Hawtuorn formation. Highly characteristic Lower-Middle Mio- 

cene equines: (Anchitherium-Hypohippus), Archxohippus, Parahippus, 

Merychippus (3 sp.). Cameloids: Oxydactylus, ?Miolabis. Canids: 

Cynodesmus, Amphicyon. Tragulids and cervids: ?Leptomeryz, Blasto- 

meryx. Oreodont: ?sp. Rhinoceroids: Hornless rhinoceros (A phelops). 

Western correlation = Upper Harrison-Rosebud-Sheep Creek, Lower 

and Middle Miocene of Nebraska and South Dakota. No Proro- 
SCIDEANS. 

Axacuua formation. Lower Pliocene. First Mastoponts: 

(Ocalientinus (Ser.) floridanus abundant; O. (S.) flor. leidti also occurs. 

Equines: Hipparion ingenuum, H. plicatile, H. minor. Cameloids: 

?Megatylopus major, ?Procamelus minor, ?P. minimus. Rhinoceroids: 
Aphelops longipes, Teleoceras proterus. Loe.: Archer, Williston, 

Newberry, Neals, Juliette, Dunnellon, Hernando. Western correla- 

tion =late Miocene-Lower Pliocene, Upper Snake Creek, W. Nebraska, 

Republican River, Kansas. 

Bonr VauiEy formation, pebble phosphates; same age as ALA- 

cuva hard rock phosphates. Mastodonts: Ocalientinus (Ser.) florida- 

nus, Ser. brewsterensis, O.? (S.) obliquidens, Trilophodon simplicidens, 

Pliomastodon sellardsi (cf. P. matthewi, Upper Snake Creek). Equines: 

Hipparion ingenuum, H. plicatile, H. minor, H. phosphorum. Rhinoce- 

roids: Aphelops longipes, Teleoceras proterus. Cameloids: Indet. 
Canids: Agriotherium (cf. Eden, Calif., A gregori). Procyonids: 
Leptarctus. 

MeE.LrourNE. Lower to Middle Pleistocene, including ‘Peace 

Creek’ or ‘Peace River’; Seminole (Holmes, 1924-1926), Pinellas Co., 

W. Florida; Sarasota Co.; Manatee Co., Bradenton (Parelephas 

floridanus); predominantly Pleistocene with derived Pliocene fossils, 

e.g., Hipparion. Mastoponts: Mastodon americanus. Frrst Ev- 

PHANTOIDS: Parelephas columbi (Melbourne, Vero, East Florida), 

Archidiskodon imperator (Melbourne, Venice). Equines: Equus com- 

plicatus, E. leidii. Tapiroids: Tap. veroensis. Peccaries: Mylohyus 

gidleyi. Edentates: Megalonyzx (ef. jeffersont), Mylodon (cf. harlant). 

Armadillos: Tatu bellus, Chlamytherium septentrionale. Glyptodont: 

Boreostracon floridanus. 

TypicaL GENERA 

Recent: Odocoileus, Lynx, Procyon, Didelphis, Neofiber, also derived Plio-Pleistocene fossils. 
Equus, Mastodon, Parelephas, Archidiskodon, Smilodon, Tanupolama, Boreostracon, etc., also 

Marine, almost barren of vertebrates, but proboscideans occur. 

Bone Valley and Alachua, nearly pure Lower Pliocene fauna. Hard rock and land pebble 
phosphates. Hipparion, Serridentinus, Ocalientinus, Trilophodon, Pliomastodon. Teleoceras, 
Aphelops, Agriotherium, also derived Miocene fossils reworked in Pliocene and later times. 

Unified formation, with distinctive faunas at different levels 

B, Middle Miocene: Merychippus, Amphicyon, etc. 

A, Lower Miocene: Parahippus, Dinohyus, Cynodesmus, ete. 

MELBOURNE 
PLEISTOCENE derived Pliocene fossils. 

ANASTASIA, etc. 

Bone VALLEY ALACHUA 

Brewster Williston 

Pierce Archer 
PLIOCENE Mulberry Newberry 

Christina Neals 

Juliette 

Dunnellon 

Hernando 

B Middle Miocene 

Newberry 
Midway 

MIOCENE HAwrHorn Quiney 
A Lower Miocene 

Gilchrist County 
Near Tallahassee 

Newberry 
OLIGOCENE No mammals yet discovered. 

EOCENE OcaLa Limestone Basilosaurus (Zeuglodon). Noland mammals. 



5. MORE PROGRESSIVE PLAINS-LOVING SPECIES OF THE MID-WESTERN STATES 

Serridentinus progressus Osborn, 1923 

Figures 171, 188, 282, 343, 360, 361, 369 
Pliocene (?), Driftwood Creek, Hitchcock County, Nebraska. 

Originally described (Osborn, 1923.601, p. 3) as Trilophodon 

progressus, this type ramus is redefined as Serridentinus progressus; 
in M; the ectoconelets give off the characteristic serridentine spur; 
the mesoconelets are correspondingly reduced; there are no central 

conules such as characterize T’rilophodon. 

Osborn’s original description of this species is as follows: 

Trilophodon progressus Osborn, 1923. “New Subfamily, 

Generic, and Specific Stages in the Evolution of the Probosci- 
dea.” Amer. Mus. Novitates, No. 99, December 27, 1923, p. 3. 

elongation or hypsodonty of the lophs, and points towards the 
still more hypsodont stages, Trilophodon giganteus Osborn and 
T. ligoniferus Cope-Matthew.”’ 

The type of this hyperlongirostral stage (Figs. 360,361) is a left 
ramus of the lower jaw (Amer. Mus. Cope Coll. 8529), from Drift- 
wood Creek, Hitchcock County, Nebraska. It is the same specimen 
that Cope figured as ‘‘T'etrabelodon proavus”’ in his revision of the 
Proboscidea (Cope, 1889.2, p. 202, Pl. x1), under the impression that 
it was related to his species Mastodon proavus of Pawnee Buttes, 
Upper Miocene of Colorado, which Osborn considers as belonging 
to Serridentinus proavus; for internal view of this jaw, see figure 282 

B; for crown view of the third inferior molar, figure 343, for the 

PLATE XI. OS 

ma 

Tetrabelodon proavus Cope. 
fy 

Type OF SERRIDENTINUS PROGRESSUS OSBORN 

Fig. 360. Type left mandibular ramus of T'rilophodon progressus Osborn, 1923 (Amer. Mus. Cope Coll. 8529). After Cope’s 

figure erroneously referred to “T'etrabelodon proavus"’ (Cope, 1889.2, p. 202, Pl. x1). 

Nebraska. Compare corrected figure of same jaw (Fig. 361A1). 

Typr.—A left ramus of the lower jaw (Amer. Mus. Cope Coll. 

8529). Horizon anp Locauiry.—Pliocene (?), Driftwood 
Creek, Hitchcock County, Nebraska. Type FicgurE.— 
Figures 360 and 361 of the present Memoir. 

Tyre Descriprion.—(Op. cit., 1923.601, p. 3): he type 

of this hyperlongirostral specific stage is a left ramus of the lower 

jaw (Amer. Mus. Cope Coll. 8529), from Driftwood Creek, Hitch- 
cock County, Nebraska, the same specimen having been figured by 

Cope as ‘Tetrabelodon proavus’ in his revision of the Proboscidea, 
The ridge formula is the same as in the typical Trilophodon angus- 

tidens, namely: M3,-*+5. This tooth, however, exhibits a very 
marked evolution beyond the typical 7’. angustidens in the vertical 

an 

From Driftwood Creek, Hitchcock County, 

same crown view, more detailed, figure 361. The above figures 

enable us to compare this type precisely with the medilongirostral 
S. productus (Fig. 369 C) and the hyperlongirostral T. giganteus 

(Figs. 171 and 259). The dental measurements and indices are as 

follows: 

M: M; 
ap. tr. Ai 

Incomplete 20le 88 de 

In figure 361 is shown the right third inferior molar, r.Ms, 

of the type (Amer. Mus. Cope Coll. 8529) as it appears from 

above in the ramus (A1), also as it appears when enlarged in de- 

401 



B A2 m3 (inner view) 

S productus Ref. 

Amer. Mus. 10582 (rev.) 

All 1/8 nat. size 

19-20 ARISTOGENES z 

ee ee RL errs 

S progressus Type 

Amer. Mus. 8529 

/ ‘ 6). y) OAZ 

Serridentinus progressus Osborn | Fig. 361. Type jaw (A, Al) and third lower molar (A2) of Serridentinus 

| | / — progressus Osborn (Amer. Mus. Cope Coll. 8529) in comparison with (B) 

V2 2 referred adult skull of S. productus (Amer. Mus. 10582). Compare Cope’s 
figure of the same jaw (Fig. 360 of the present Memoir). 

(Lower left) Third inferior molar of Serridentinus progressus Osborn 

x compared with the corresponding molar of S. productus. 

BR Serridentinus progressus exhibits 44 ridge-crests surmounted by 19-20 
aristogenes; observe that the fourth ridge-crest or tetartolophid, is much 

simpler than the corresponding fourth ridge-crest of S. productus which dis- 

; plays 4 conelets as compared with 2 conelets in S. progressus. The number 

/ of aristogenes in S. progressus (19-20) rises to 22-24 in the corresponding 

molar of S. productus. 

ry yy 
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SS AM 14383 Cast 

Ti jpe Serridentinis productus Cope 

22-24 ARISTOGENES 
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tailed comparison with Serridentinus productus; in the diagram 

the trefoil spurs certainly arise from the ectoconelets of Ms and are 

not ‘central conules’ as they first appeared to be; the marked 

progression over S. productus is clearly shown. 

It would appear that these three species may mark three 

ascending stages in different lines of ascent: 

Height of 

Total Total Index  tritolophid 

length width above 

base of 

crown 

T. ligoniferus type, M; 245 92 38 65 

T. giganteus type, Ms 172 91 53 70e 
S. progressus type, Ms; 201e 88 de 70 

Osborn, 1933: According to the above measurements and in- 

dices, Serridentinus progressus is really inferior in dimensions and 

in hypsodonty to both 7’. giganteus and T. ligoniferus. As shown in 

figure 361, the type of S. progressus with 19-20 aristogenes is less 
progressive than the type of S. productus with 22-24 aristogenes. 

Fic. 6. TZetrabelodon angustidens proavus Cope; typical speci- 
men from the Loup Fork bed of Colorado, two-thirds natural size. 
Original. 

TyprE OF SERRIDENTINUS PROAVUS 

Fig. 362. Original figure of type r.P* of Mastodon proavus 

Cope, 1873, two-thirds natural size. Pawnee Creek beds, 
Colorado. After Cope, 1889.2, p. 202, fig. 6, originally figured 
as Tetrabelodon angustidens proavus. Amer. Mus. Cope Coll. 

8523. 

Serridentinus proavus Cope, 1873 

Figures 362, 363 

Upper Miocene, Pawnee Buttes, Pawnee Creek (B), Weld County, 

Colorado. 

This species (Figs. 362, 363) rests upon: A complete fourth 

superior premolar of the right side, r.P*; portion of an internal 

cone of a superior molar of the right side, r.M', and probably a left 

astragalus; which are now recognized as the types of Mastodon 

[=Serridentinus] proavus Cope, of approximately the same geologic 

age as the Serridentinus productus of the Santa Fé marls. The 

measurements are given below. 

Grotocic Acr.—The typical (lower) Pawnee Creek beds 

(Merychippus sejunctus zone) of the late Middle Miocene yield 

403 

traces of mastodon, fragments of a humerus and tooth, and part of 

a lower jaw found at the head of Two Mile Creek (F. B. Loomis, 

letter of November 5, 1920). The (upper) Pawnee Creek beds 

(Protohippus zone), perhaps early Pliocene, also yield simple 

grinding teeth similar to the type of M. proavus (F. B. Loomis, 

1921). We cannot be certain whether the type of ‘Mastodon’ proavus 

comes from the lower ‘ Merychippus sejunctus’ or from the upper 

‘Protohippus’ zone of the Pawnee Creek. 

History.—In the Upper Miocene of Pawnee Buttes, Colora- 
do, Cope collected his fragmentary teeth of ‘Mastodon’ proavus in- 

cluding a fourth superior premolar, r.P* (type, Fig. 362), also a 

portion of the internal cone of a superior molar, r.M', and probably 

a left astragalus. He did not subsequently clarify this species, for 

in April, 1889, p. 202, he figured (op. cit., fig. 6) the type premolar 

under the name Tetrabelodon angustidens proavus, and erroneously 

referred a lower jaw to it (op. cit., Pl. x1), a jaw which Osborn has 

since made the type of Trilophodon {= Serridentinus| progressus 

(see Fig. 360). Osborn now demonstrates that these teeth belong 

to the genus Serridentinus, consequently to the species Serridenti- 

nus proavus. 

zm= __. 

if Z rpt 

{ i 4 & ‘ ‘ i : 
eae | we > t 

‘ » a wi 

. ' Amer: Mus 8523 Type ¥ 

hs SERRIDENTINUS PROAVUS 

‘ ee Pun, cert cee OAN Pte cP ESBUIUS acon. cass eres BO 

as 

Fig. 363. New figure of the type of Serridentinus proavus (Amer. Mus. 

Cope Coll. 8523), from Pawnee Creek beds, Colorado, for comparison with 

Cope’s original type figure. Right fourth superior premolar, r.P*, and frag- 

ment of right first superior molar, r.M'. Observe the trefoil rudiments on the 

internal side of r.P*. 

Mastodon proavus Cope, 1873. “Synopsis of New Vertebrata 

from the Tertiary of Colorado obtained during the Summer of 

1873,’ October 16, 1873, p. 10. Typr.—(Op. cit., 1873.2, p. 

10): “Represented by an entire anterior molar, portions of posterior 

molars, and an astragalus, all found associated by the writer. They 

probably pertain to the same individual.” (Cope, 1889.2, p. 203, 

footnote): . . . “originally represented by a penultimate milk 

molar, with two cross-crests, and the fragments of a probable last 

premolar.”” Amer. Mus. Cope Coll. 8523. Horizon AND 

Locatity.—Collected by Cope, Hayden Survey of summer of 1873, 

at Pawnee Buttes, Pawnee Creek, Weld County, Colorado. Upper 

Miocene. Tyre Ficure.—Cope, 1889.2, p. 202, fig. 6, under 

the name Tetrabelodon angustidens proavus. 
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Typr Description (Corr, 1873.2, pp. 10, 11).—(1) Each 

crest composed of two obtuse lobes. (2) Valleys open and spread- 

ing as in M. ohioticus. (3) No intermediate or accessory lobes or 

cones. (4) Lateral and posterior cingula. (5) Length .055 m., 

width .050 m., elevation of cones .025 m., astragalus, transverse 

diameter, .100 m., long diameter .093 m. 

Osborn, 1921: In 1921 Osborn suggested that the type tooth 

might belong to M. (=Rhynchotherium) brevidens. 

Osporn (1922.564, p. 4).—In 1922 Osborn suggested that it 

might be a true member of the Mastodontinz, referable to the genus 

Miomastodon: “Mastodon proavus Cope, 1873, late Middle Mio- 

cene, Pawnee Creek, Colorado=Miomastodon proavus....- - It 

is probable that the so-called ‘Mastodon’ proavus of Cope from the 

Middle Miocene of Pawnee Creek, Colorado, is another representa- 

tive of the genus Miomastodon; on the other hand, ‘Mastodon’ 

brevidens Cope, 1889, from the late Middle Miocene, from the Deep 

River beds of Montana, probably belongs to the genus Rhyncho- 

therium, distinguished by short molar teeth (hence R. brevidens) 

and internal lobes bearing trefoils on crests one and two.” 

Osborn, 1924: Osborn perceived the true relationships of this 

type to the genus Serridentinus, as clearly shown in the accom- 

panying new figure (Fig. 363); consequently Mastodon proavus 

Cope, 1873, becomes a representative of the Upper Miocene or 

Lower Pliocene specific stage of this genus in America. The frag- 

mentary type of M. proavus may now be confidently referred to the 

genus Serridentinus, in view of the similarity of the type to the 

corresponding teeth in the geologically more recent Serrzdentinus 

serridens ref. (Amer. Mus. 10673). 

MraASUREMENTS S. proavus Type _ S. serridens Ref. 

(Amer. Mus. (Amer. Mus. 

Cope Coll. 10673) 

8523) 
jos we, dle ap. tr. I. 

Fourth superior premolar, r.P! 52 47 204 Oe cee 
51 51 100 (7. P*) 

Height of entoloph cone in 

r.M} 50 
Height of entoloph cone in P* 23 

Width astragalar facet for tibia 

and fibula Cl 
Width astragalar facet, antero- 

posterior 75 

Width astragalo-navicular facet 61 

Width astragalo-calcaneal facet 68 

The fourth upper premolar, r.P4, is composed of a pair of lobate 

anterior and posterior ridge-crests, each consisting of a smoothly 

rounded external lobe and of an antero-internal lobe from which a 
trefoil spur ascends on the anterior border, the posterior border 
being smooth, as are also the sides of the postero-internal lobe. As 
also shown in figure 363, the supposed postero-internal cone of M! 
exhibits two very distinct trefoil spurs, one on the anterior 
and one on the posterior slope. It is these internal trefoil ridges 
and the absence of central conules that establish the affinities of 
these teeth to the corresponding teeth of Serridentinus serridens, 
as shown in the accompanying figures. 

OSBORN: THE PROBOSCIDEA 

DISTINCTION BETWEEN SERRIDENTINUS PRODUCTUS 

AND S. SERRIDENS (FIG. 364) 

The mature cranium of Serridentinus productus (A), with the 

third molar, M3, in function, is relatively much more primitive 
than the young adult cranium of S. serridens (B) in which P 4— 

M 2 are functioning while M 3 is still buried in the jaw. Conse- 
quently S. serridens is a much larger and more progressive species 

with a very broad palatal-pterygoid region and large distinct 
occipital condyles. S. productus may be fully described first; 

the more progressive S. serridens leads into the sharp-crested 

Serridentines of the arid plateaus. 

‘enamoi~~ 

enamel “a ~-~ ename! 

S. productus 
iy Amer. Mus, 10582 

SPU tg)! 

Fig. 364. Palatal view of crania of (A) Serridentinus productus and (B) 

S. serridens compared, one-twelf{th natural size. 

A, Referred Serridentinus productus palate (Amer. Mus. 10582) fully 

described below in the present chapter. This is an adult cranium with M'? 
functional. Observe the simple postpalatine area, pterygoids, and posterior 

nares, apparently adapted to a less vigorous and muscular jaw than in S. serri- 
dens, in correlation with a more succulent diet and with more rounded cones 

and conelets. 

B, Younger skull of Serridentinus serridens ref. (Amer. Mus. 10673), with 

PM? functional, M® still buried in the cranium. Observe the broad palatal- 

pterygoid-postnarial region, adapted to heavy musculature as compared with 

S. productus (A); observe also the broad, spreading, laterally acute shape of 

the occipital condyles as compared with the more closely compressed condyles 

of S. productus (A). This cranium is a type that we should expect to find in 

Adaptation B series of Serridentinus, adapted to dry, arid plateau conditions 
of life. 

Serridentinus productus Cope, 1875 

Figures 170-177, 281, 282, 341, 347, 349, 350, 361, 364, 365, 367-372 

Type: Santa Fé marls A of New Mexico, Upper Miocene (type locality). 

Referred: Clarendon formation of Texas, Lower Pliocene (locality of 
referred skull). See also Frick Coll. (pp. 407, 408), and observations of Frick 
and Simpson (p. 440 below). 

The Santa Fé marls A of New Mexico yielded Cope’s type of 
Mastodon {=Serridentinus| productus, 1875, from levels which are 



SERRIDENTINUS PRODUCTUS. MIDDLE-AGED MALe 

Fig. 365. Model of Serridentinus productus, Upper Miocene of New Mexico 

(Clarendon), after skeleton (Fig. 371), one fifty-fifth natural size. Margret Flinsch, 1928. 

S. serridens 
Amer. Mus, 10673 Ref, 

V8 nat. size 

ne- 

and Lower Pliocene of Texas 

Youna ApuLtT SKULL OF SERRIDENTINUS SERRIDENS CLARENDON OF TEXAS 

Fig. 366. Palatal and superior views of voung adult skull of Ser entinus serridens re 

' ‘ his foure and in fig 
shown in figures 364 and 387. One- ighth natural size. Observe the fourth superior pre molar, P*, in this figure and in figu 

see figures 362 and 363 for comparison with that of Cope’s type of 5. proavus 

Al, Palatal view broadened by crushing; the grinders in place are probably p* bilophodont 

The unworn M? exhibits the serrate internal trefoils so conspicuous in Cope’s unworn type of 

A, Superior view of same cranium 

105 

‘yy 

Amer. Mus. 10673); same 
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Fig. 367. Adult type of Mastodon productus Cope, 1875, one-sixth natural size. After Cope, 1877.1, 

Pl. uxx, figs. 1-3. Nat. Mus. 2346; cast Amer. Mus. 14383. From Santa Fé marls A (?) (lower levels), 

Upper Miocene, New Mexico. 
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Fig. 368. Juvenile (Amer. Mus. 21112) and adult jaws of Serridentinus productus (Amer. Mus. 21111, neotype, and 21113, referred) in comparison with adult jaw of T'rilophodon pojoaquensis [ =Ocalientinus ojocaliensis] (Amer. Mus. 21123), all from the 
Santa Fé marls, New Mexico, Frick Coll., 1925. After Frick, 1926, p. 128. Observe (as in Fig. 372) that Serridentinus productus is 
greatly inferior in size to the contemporary O. ojocaliensis. For full references see explanation of figure 174in Chapter VIII. 

406 
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S. productus 
Amer. Mus. 10582 Ref rev.) 

All 1/8 nat. size 
S. rrogressus 
Amer. Mus. 8529 Type 

SERRIDENTINUS PRODUCTUs (B, C) AND TrRILOPHODON [ =SERRIDENTINUS] PROGRESSUS (A—A2) 

Fig. 369. Comparison of adult skull of Serridentinus productus (B) and lower jaws and teeth of Serridentinus progressus (A-A2). One-cighth natural 

size. The greatly elongated rostrum of A, Al is wanting. 
B, Adult skull of S. productus (Amer. Mus. 10582) reversed in drawing: the same skull as that shown in the mounted skeleton (Figs. 371 and 372). Observe 

that three grinding teeth, M'®, are in use above; that M; has dropped out of place; that M*-Msg are relatively short and broad. 
C, Referred right third inferior molar, r.M3, of Serridentinus productus (Amer. Mus. 10582), enlarged from figure 349 Al. 

A, Type jaw and teeth of Serridentinus progressus (Amer. Mus. Cope Coll. 8529), left lateral view, external aspect of Ms; A2, inner aspect of same 

tetralophodont tooth (four and a half crests); Al, superior view of same. 

Central conules in all the four and a half crested teeth of T'rilophodon arise from the center of the valleys and connect only with the outer lobes of the 

inferior molars. Observe in Serridentinus (a) absence of ‘central conules,’ (b) reduction of median conelets, and (c) presence of trefoil spurs from ectoconelels. 

probably of Upper Miocene age; a nearly perfect referred specimen 

from Clarendon A, lower levels of Texas, amplifies our knowledge of 

this species, which is clearly distinguishable (Fig. 350, D1) from 
Trilophodon obscurus (Fig. 350, C1) of the Middle Miocene of 
Maryland, also from the geologically more recent S. serridens 

(Figs. 387-390) in which the molar ridge-crests are much sharper 
and more elevated. Since S. productus is the most fully known in 

skull, teeth, and skeleton of all the species of Serridentinus, it 
deserves a complete description in this Memoir. 

Histrory.—This is the animal originally described by Cope in 
1875 as Mastodon productus from the type, a lower jaw (Fig. 367) 

from the Santa Fé marls, Upper Miocene, New Mexico, and which 
he described more fully in 1877 as ‘‘ Mastodon, sect. Trilophodon, 

Falconer.”’ Subsequently the skull and jaws of a similar animal 

were described and figured by Osborn (1910.346, p. 299, fig. 149) 

as Trilophodon productus; they are now referred to Serridentinus 

productus, and are so figured in the present Memoir. 

Frick, 1926 (Fics. 174, 368 or THE PresENT’Memorr).—A 

most weleome recent discovery in the Santa Fé marls was that by 

the Childs Frick Expedition of 1925, which secured three additional 

specimens referable to Serridentinus productus, as follows: 
Adult neotype jaw (Amer. Mus. 21111), Frick Coll. 

Juvenile referred left ramus (Amer. Mus. 21112), Frick Coll. 

Juvenile referred jaw and milk teeth (Amer. Mus. 21113), 

Frick Coll. 

These neotype and referred specimens are shown in figure 174 

(after Frick, 1926) in comparison with the adult jaw of Ocalientinus 

ojocaliensis. This new comparison confirms the profound differ- 

ences in size and proportion which existed between nearly con- 

temporaneous species in the two genera Serridentinus and Ocalien- 
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tinus occupying an approximately similar habitat. The reader is 

referred to Frick’s complete description of these specimens (Frick, 

1926, pp. 142-160). 

Marerrats —This animal is now among the best known. (1) 

The type of this species is an adult jaw (Fig. 367) in the United 

States National Museum (Nat. Mus. 2346), cast (Amer. Mus. 

14383), of the Upper Miocene Santa Fé marls of New Mexico. 

In this specimen the two posterior molars, Mz, Mg, are fully func- 

‘tional. (2) The species is also finely represented by the skull and 

jaws of an adult individual (Amer. Mus. 10582) secured in the 

year 1899 by J. W. Gidley in the Clarendon beds, Lower Pliocene 

of Texas, for the American Museum collection, in which the three 

superior grinders are present, namely, M 1-3 (see Figs. 349, 370). 

With this skull were associated many parts of the skeleton, as 

mounted in the American Museum (Fig. 371). This skull is of 

middle age, because the functioning teeth are M', M?-Mp, the third 

posterior molars not yet having come into wear. 
Cope’s original descriptions and references may be cited in 

general as follows: 
Mastodon productus Cope, 1875. “On a New Mastodon and 

Rodent.’’ Proc. Acad. Nat. Sci. Phila., Vol. XX VI, 1874 [1875], pp. 

221, 222: Typr.—Nearly complete lower jaw containing 

tusks and second and third inferior molars, Me, Ms, of each side, 

Nat. Mus. 2346; cast Amer. Mus. 14383. Type FicurE.— 

Rept. U.S. Geog. Surv. W. 100th Mer., 1877, Vol. IV, Pt. II, p. 306, 

Pls. uxx, figs. 1-3, Lxxt, fig. 3, M; from the inner side. TYPE 

Locatiry.—_Santa Fé marls, New Mexico, approximately of the 

same age as the Clarendon beds (lower levels) of Texas (Upper 

Miocene transition to Lower Pliocene). Neotypr.—(Cf. 

Frick, 1926, p. 160) An adult mandible containing Ms, Ms, and 

tusks of both sides, from the Santa Fé marls, New Mexico, Amer. 

Mus. 21111, Frick Coll. Compare also Frick, 1926, fig. 7A, p. 

128—figures 174 and 368 of the present Memoir. 

Type DerscripTion.—(Cope, op. cit., 1875.1, p. 222): ‘The 

posterior inferior molar supports five transverse series of tubercles, 

of which the posterior is less developed than the others. Each 

series is composed of two cusps of a conic form which are separated 

deeply from each other, and are not united at the base so as to be- 

come confluent on attrition. The cones of the outer side support 

one or two accessory tubercles on a line with their inner or median 

face, so that the transverse section of a worn tooth with the two 

accessory cusps is that of a trefoil with the lobes inwards. The 

penultimate molar in the same jaw supports three transverse series. 

The symphysis is elongate depressed and subspatulate; its proximal 

half is excavated, the distal half flattened. Two tusks project 

from the extremity; they are short, obtuse, and flattened on the 

inner side. Total length of a specimen which is entire from the end 

of the symphyseal tusks to just behind the last molar, 29 inches; 

length to first molar (penultimate), 19 inches; length of first molar, 
4.25 inches; of last molar, 6.5 inches; width of same, 3 inches. 

Width across the rami at end of last molar, 18 inches; do. between 

anterior borders of first molar, 2.5; do. of symphyseal spout, least, 

4.5 inches; at base tusks, 4.75 inches. Length of free portion of 

symphyseal tusks, 4 inches; diameter of do. 1.75 inches.” 

In Cope’s fuller description, 1877.1, p. 306, he refers to the 

animal as “Mastodon, sect. Trilophodon, Falconer”; he describes 
certain referred specimens also found in the Santa Fé marls near 

San Ildefonso, New Mexico. 

DETAILED DESCRIPTION OF ADULT DENTITION, SKULL, 

AND SKELETON REFERRED TO SERRIDENTINUS 

PRODUCTUS (CHIEFLY AMER. MUS. 10582). 

SEE FIGURES 349, 369, 370 

The finely preserved adult skull and jaws (Amer. Mus. 10582), 

found in the Clarendon in 1899 by J. W. Gidley, shows the 

true cranial characters and proportions of an animal in a more 

advanced stage of wear of the incisor tusks and with a full series of 

superior grinding teeth or true molars, M'*, in use at the same time. 
It differs from the young adult skull of Serridentinus serridens 

described below in having lost the fourth superior and inferior pre- 

molar teeth and in having substituted the third superior and inferior 

molars, as illustrated in the beautiful series of drawings by Mrs. 
Sterling reproduced in figures 369 and 370 in which all the homolo- 

gous parts are carefully indicated by abbreviations. 

ApuLt GRINDING TEETH (Fic. 349).—The detailed structure 

of the adult grinding teeth of S. productus is shown in figure 349 in 

which the teeth belonging to this same adult skull (Amer. Mus. 

10582) are described; we observe that the third superior molars are 

three and a third crested, that is, just passing out of the trilophodont 

into the tetralophodont stage; the third inferior molars are four 
and a fifth crested, that is, the tetartolophid is still relatively 

low and narrow and the pentalophid is represented by two mam- 

illary cones. 

Although recorded from the Clarendon beds, Lower Pliocene 

of Texas, this referred adult skull shows palatal characters more 

primitive and quite distinct from those of the younger skull referred 

to Serridentinus serridens. Consequently we may regard it as in a 

more primitive stage of evolution. 

Tue Superior TrntH.—The superior tusks diverge slightly 

and curve downward and outward, the left tusk being shorter 

(330 mm.) than the right (405 mm.), owing to the rate of wear; 
the enamel band, 41 mm. in width at the entrance of the left tusk 

at the alveolus, contracts to 17 mm. near the tip. The face of the 

band is directed outward, and toward the tip slightly downward. 

The mode of wear of both tusks toward the tip shows that the 

enamel still serves a distinct purpose since it protects the internal 
side of the tusks from the too rapid wearing action of the lower 

tusks, and the external side from the wearing action of the branches 

of trees upon which these animals probably fed. The tusk is not 

round but laterally compressed, the vertical diameter at the base, 
67 mm., exceeding the transverse diameter, 57 mm., by 10 milli- 

meters. 

Motars.—The diastema between the tusk and M! is 57 
mm. This first molar tooth, which while well worn is still in use 

on both sides, is much the shortest of the molars, the longitudinal 

diameter being 70 mm. as compared with the transverse diameter 

55mm.; trilophodont. The second superior molar, M?, beautifully 

preserved on both sides, is considerably longer (119 mm.) than broad 

(80 mm.); distinctive characters are the well-developed internal 

trefoils and the internal cingulum, more or less crenulate and mam- 

illate, which extends back as far as the antero-internal border of 

the third crest; a rudimentary external cingulum only is developed 

in the valley between the first and second crests; a rudimentary 

bimamillate fourth crest is observed at the posterior base of the 

third crest. 

a 
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The third superior molar, M?, gives a beautiful picture of the 
absolutely unworn crown; in length, 142 mm.., it exceeds the width 
(85 mm.) by 57mm. The summits of the external cones bear three 
mamillate cusps each; the trefoil spur of the internal cone of the 
first crest extends well around the anterior portion of the external 
cone to the outer side of the crown; the trefoils of the second and 
third internal cones are irregularly mamillate; the rudimentary 

q 
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409 

being separated by 54 mm. and M! by 40 mm. 
Tue Inrerior Teetu.—The inferior incisors are vertically 

compressed (40 mm.), transversely expanded (53 mm.), short 
(112 mm.), entirely devoid of enamel and almost in contact in the 
median line. 

The inferior molars are readily distinguished from the superior 
by (1) their narrower crowns, which appear to be chiefly due to the 

S. productus 
Amer. Mus. 10562 Ret 

All V6 nat. size 

Aputt SKULL AND JAws REFERRED TO SERRIDENTINUS PRODUCTUS 

Compare skeleton (Fig. 371), model (Fig. 365), restoration (Fig. 341). 

Fig. 370. Skull and jaws of adult Serridentinus productus (Amer. Mus. 10582), Clarendon beds, Lower Pliocene of Texas. One~cighth natural size. 
Observe: (1) That the trilophodont M' is much worn and that the corresponding tooth in the lower jaw, Mi, has dropped out of place; (2) that the tri- 

lophodont M? is half worn and that the trefoils in this stage of wear resemble those of the typical Trilophodon; (3) that in the unworn third superior, M’, 
and inferior, M3, molars the serrate condition of the internal lobes is similar to that in the type, M®, of serridens; M1’, fully obtraded, is feebly tetralophodont, 

having only three and a third crests. 
Al, palatal view; A2, anterior view; A, left lateral view. Figure 369B shows the left lateral view of the same skull (Amer. Mus. 10582). This skull is 

mounted (Fig. 371) with the reconstructed skeleton (chiefly Amer. Mus. 10582). 

fourth crest, consisting mainly of three mamillate cusps, is still 

low and basal in character, although more pronounced than in M®; 

the internal cingulum, as in the second molar, is strongly developed 

around the antero-internal portion of the crown as far back as the 
third crest, but not embracing it. A rudiment of the external 

cingulum is seen only between the first and second crests. 

The molars as a whole are close together and parallel, M* 

absence of basal cingulum except in the external valleys between 

the crests; the anterior lobe of M; (73 mm.) is, however, slightly 

narrower than the anterior lobe of M* (76 mm.); the cingulum adds 

9mm. to the width of the superior molars. (2) In pattern the lower 

molars reverse the upper, that is, the trefoils are upon the outer 

cones, and such rudiments of the cingulum as exist between the 

valleys are found on the outer sides of the teeth, whereas in the 
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upper molars both the cingulum and the trefoils are upon the znner 

sides. (3) A third distinction of the lower molars is seen in the fact 

that the internal cones, as well shown in Ms, each have two large, 

mamillate cusps instead of the three small mamillate cusps in 

the upper molars. (4) A fourth character, which may be an in- 

dividual variation, is that My is already shed while M' is retained, 

and (5) a fifth is that M? is broadest anteriorly while M2 is broadest 

posteriorly. (6) A sixth and much more striking distinction is 

the fact that Ms; is practically tetralophodont, the fourth crest 

being no longer basal in character; this accords with the more for- 

PROBOSCIDEA 

anteriorly, measuring 76mm. The anterior trefoils are almost con- 

fluent; the external cingulum is somewhat more progressive in the 

right Mp than in the left, and the rudimentary fourth crest (tetarto- 

lophid) consists mainly of two basal mamillate cusps, it is, in fact, 
more clearly defined than the crenulate basal ridge of M?’. 

Turrp Inrerror Moxrar.—Unlike M, this crown is nearly 
uniform in breadth, 75-76 mm.; the fourth crest, however, is some- 

what lower and narrower, and its trefoil is less distinctly evolved, 

the approximate longitudinal measurement being 163 mm. The 

trefoils are not only developed on the slopes of the external cones, 

ApuLt SKULL AND RESTORED SKELETON OF SERRIDENTINUS PRODUCTUS 

Compare Mopet (Fia. 365) 

Skeleton referred to Serridentinus productus (chiefly Amer. Mus. 10582), from the Clarendon Fig. 371. 
beds, Lower Pliocene of Texas. Collected by J. W. Gidley, Amer. Mus. Expedition of 1899. 

Charles Lang, 1921. One twenty-fourth natural size. 

Mounted by 

This skeleton is reconstructed from a single individual, the missing parts restored in plaster (see key, 
Fig. 372). The original skull and jaws are mounted with the skeleton. Thirteen vertebr, most of the ribs, 

pelvis and sacrum, the right hindlimb bones with the exception of the foot and some of the tarsals are original 

bone. The rest of the vertebrae, a few ribs, the left hindlimb (excepting the foot) and both forelimbs are 

modeled in plaster. The feet are all restored excepting the left hind pes. The form and proportions of the 

restored parts are studied from various remains of different species of T’rilophodon, supplemented in part by com- 
parisons with the American Mastodon and modern elephants. 

The articulation and pose of the skeleton are based upon photographs and observations of the elephant; 

the pose is a phase of the walking step. The original and restored portions are clearly shown in figure 372. 

ward position of the lower grinders and consequent elongation 

of the posterior portion of M; in the ungulates generally. (7) A 

seventh character is the rudimentary pentaloph indicated by two 

mamillary cones, as in M*Mbs, not observed in the partly 

fractured type M? of Serridentinus serridens. (8) These two cones 
of the pentaloph and pentalophid are more strongly developed 
in Ocalientinus (Ser.) floridanus. 

Seconp Inrerion Motar.—More in detail, Mo in its broadest 
part opposite the third crest measures 75 mm., which is exactly the 
same as the corresponding measurement of Ms, but Ms; is broadest 

but rudiments of these important folds appear at the very bases of 

certain of the internal cones, prophetic of the double-trefoiled 

condition. 

Invention Maxiiua.—The jaw is elongate (905 mm.) from the 

angle to the end of the symphysis, shallow (125 mm.) below the 

interval between the two molars, moderately stout (120 mm.) 

opposite M;, with elongate, narrow symphysis (300 mm.), slightly 

constricted (118 mm.) in the mid-portion; the angle inclines 

forward, the condyles are transversely oval (115 mm. transverse, 

60 mm. anteroposterior); the coronoid is sessile and considerably 

— 
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MEASUREMENTS AND INDICES OF SERRIDENTINUS (OCALIENTINUS) FLORIDANUS,' 8. PRODUCTUS, S. SERRIDENS 

InrerIon Mouars P; M M2 Ms MI-M3 
ap. _ fr. fp ap. tr. i: / ap. oe I ap. tr. ba ap. 

Serridentinus {= Ocalientinus] floridanus | ) 
Leidy’s type Ms (Nat. Mus. 3083) | 12296 85 38! 
Mz, metatype 127 80 63 / 

Serridentinus serridens ; wat the eres 
Referred (Amer. Mus. 10673) ¥/ 43 75 92 62 67 | 139 69 50 
Length of 1.P4-M2 290 

ee oF see eS 8 ee ee —=s 
Serridentinus productus 

Cope’s type (Nat. Mus. 2346, cast 
Amer. Mus. 14383) 123 76 62 | 164 76 16 

Serridentinus productus | Pa 
Referred (Amer. Mus. 10582), with 

skull 124e 75 60e 163 76 4 7 
Length of 1.Mo-3 

Superior Mo.ars ” M! M® 
ap. tr. I Saw wre it: ap. I 

Serridentinus [=Ocalientinus] floridanus 

Metatypes 97e 66.6e 69e | 125e S80e 64e 
Length of M** 

Serridentinus serridens 

Cope’s type (Amer. Mus. 14297) 130 80 61 

Serridentinus serridens 
Referred (Amer. Mus. 10673) 60 50 83 94 73e 78e | 137e 90 66e 
Length of 1.P*-M? 

Serridentinus productus 

Referred (Amer. Mus. 10582), with jaw 70 55 79 | 119 80 67 
Length of 1.M' | 

below the level of the condyle. There are from three (right side) 

to four (left side) foramina on the outer face of the anterior half of 
the jaw. The symphysis is troughed superiorly and flat inferiorly. 

ApuLT SKULL 

Pauata Virw.—The distance from the condyles to the incisive 

border (770 mm.) exceeds the greatest diameter across the zygo- 
mata (550 mm.) by 220 mm. The palatal union of the maxillaries 
and palatines extends the hard palate (470 mm.) well backward, 

so that the posterior nares open somewhat behind the posterior 
molars. The groove separating the pterygoid plate of the ali- 
sphenoid from the maxillaries is clearly defined; but the pterygoid 

limits cannot be made out, the sutures having completely closed; 
in the interpterygoid space is a deep vomerine keel. The foramina 

occupy a compressed area. 

‘Referred (1934) to Ocalientinus Frick. 

On the inner side the tympanies project downward on an 

acutely triangular process, on the inner side of which lies the 
carotid canal, precisely as in Elephas, while posterior to this tym- 

panic process is the foramen lacerum posterius, there being no 
foramen condylare. 

ForamIna.—Even in this early form the general arrangement 

and relations of the elements and foramina of the posterior basal 

aspect of the skull is strongly suggestive of that in Mastodon and 

Elephas. The alisphenoid canal is very far back of the foramen 
ovale and has apparently become confluent with the foramen 
lacerum medius, the carotid canal pierces the inner side of the 
trihedral bulla, the foramen lacerum posterius is about where one 
might look for a foramen condylare. Also there is the same promi- 

nent oblique ridge running down from the postorbital process of the 
frontal to the anterior outer end of the pterygoid wing of the ali- 
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TRILOPHODON GIGANTEUS 2594mm.,8'6” 
N. AMERICA S. DAKOTA 

S. productus 
Amer. Mus. 10582 Ref. 

SERRIDENTINUS PRODUCTUS  1727mm.5'8” 1/24 nat. size 
TEXAS 

Fig. 372. Comparative restorations of the skeleton of Trilophodon giganteus type and that of Serridentinus productus ref.; both about one twenty-fourth 
natural size. 

AputT SKELETON OF TRILOPHODON 
(Upper) TriLopHopon. Restored skeleton of 7. giganteus Osborn (Amer. Mus. 17359) reversed in the drawing to show comparison with Serridentinus. 

Obliquely shaded portions are restored, namely, upper portion of skull and teeth, right upper and both lower tusks, atlas, spines and centra of seven thoracic 
and lumbar vertebr, caudals, entire pelvis, and hindlimbs. The original material (outline partly shaded) includes the left upper tusk (here reversed), 
part of the summit of the cranium, left zygomatic arch, occipital condyles, entire lower jaw, cervical 2 to dorsal 12 inclusive, also dorsals 17 and 19, 
3 lumbars, 2 caudals, nearly complete forelimbs, and scattered digits of manus and pes; complete sternum. The history of the 7’. giganteus skeleton is also 
fully described in the Trilophodon section above (Chap. VIII). 

ApuLt SKELETON OF SERRIDENTINUS 
(Lower) Srrripentinus. Restored skeleton of S. productus (Amer. Mus. 10582). The history of this skeleton is to be found in the legend of figure 371 

above. Compare skull of Serridentinus productus, figure 370 above, and dentition, figure 349 A, Al, above. 

OutLiIne RESTORATIONS OF SERRIDENTINUS (LOWER) AND TRILOPHODON (UppEr) 
Insev.—Drawn from the above skeletons to a uniform one-hundredth scale. The marked disparity in size of Serridentinus productus (lower) appears to be 

characteristic of the Serridentine in general, in comparison with the larger and much more massive ‘oblique-tuskers’ of the Longirostrinz, such as T’rilophodon 
giganteus (upper). 

412 
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sphenoid; the squamosal, lacking a postglenoid ridge, completely 

closes over the external auditory meatus below. All this goes to 
show that the proboscideans very early acquired this shortening up 
of the back of the cranium inferiorly, so widely different from the 
elongate posterior palatal region of the condylarths. 

MEASUREMENTS OF SERRIDENTINUS PRODUCTUS (AMER. Mus. 

10582) AND oF S. sUBTAPIROIDEUS (Cast Amer. Mus. 2572) 

Serridentinus Serridentinus 

productus sublapiroideus 

Height of protoloph, M® (external) 35 43 

Height of metaloph, M$ (external) 38 47+ 

Height of tritoloph, M® (external) 34 40 

Height of tetartoloph M* lde 30 

Serridentinus productus 

TEETH M' M? M® Me Ms M!-M? M2-Ms; 
Anteroposterior 70 119 142 124e 163 . 

Transverse 55 80 85 75 76 

Index 79 67 60 60e 47 

Length 325 275 
SKULL 

Occipital condyle to tip of right tusk 1068 
Occipital condyle to tip of premaxilla 800 

Breadth across squamosals 499 dist. 

Breadth across Jugals 545 

Breadth across M? 225 

Breadth across M$ 225 

Jaws 
Articular condyle to tip of tusks 1010 

Articular condyle to tip of jaw 905 

Posterior border to tip of tusks 950 

Posterior border to tip of jaw 845 

Breadth across both rami 410 

Breadth across M2 211 

Breadth across M; 237e 

Anterior end of Mz to tip of tusk 506 

Anterior end of Me to tip of jaw 401 

CoMPARISON OF RECONSTRUCTED SKULLS AND SKELETONS 

OF SERRIDENTINUS AND TRILOPHODON 

The accompanying diagram (Fig. 372) shows in oblique lines 
the restored portions of the adult mounted skeleton of Serridentinus 
productus (Amer. Mus. 10582) belonging with the skull of the 

adult S. productus above described; it is a key to the photograph 
of the same skeleton (Fig. 371) above. It shows that the only 
complete parts of the reconstructed skeleton are the skull, a number 

SERRIDENTINUS SUBTAPIROIDEUS . 
AUSTRIA 1700mm..5'7"e INDIA 

Fig. 372a. 
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of the thoracic ribs, the centra of the posterior thoracic and lumbar 

vertebr, the pelvis, the right hindlimb as far as the astragalus, 

and the left hindfoot nearly complete. This restoration is so far 

conjectural that it gives only an approximate idea of what the 

complete skeleton of Serridentinus productus was like. We may dis- 
cover that the restored shaded portions, especially of the scapula 

and forelimb, do not correspond with the reality. The animal here 

is reduced to one twenty-fourth natural size, and considering that 
it is of Lower Pliocene age, we conclude that the Upper Miocene 
species of Serridentinus were probably smaller and less massive 
than the Upper Miocene species of Trilophodon. 

Comparing the skeleton (lower figure) of Serridentinus (Amer. 

Mus. 10582) with that (upper figure) of Trilophodon (Amer. Mus. 

17359), we observe that it is greatly inferior in size; the jaw is 

medilongirostral, while that of Trilophodon is hyperlongirostral. 

In the S. productus tusks the enamel occupies the typical position 

on the outer inferior part of the superior incisors; in Trilophodon 

giganteus the enamel lies directly along the lower border of the tusks. 
It is obvious that these two restored skeletons do not enable 

us to institute a real comparison between Serridentinus and Tri- 

lophodon, for the reason that the missing parts in Serridentinus 

(lower figure) are the very parts which are present in T'rilophodon 

(upper figure), e.g., the forelimbs. Conversely the parts which 

are present in Serridentinus, e.g., the hindlimb and complete 

skull, are wanting in Trilophodon. The neck, wanting in Serri- 

dentinus, is present in Trilophodon. The lower jaws alone are present 

in both specimens. It is very important to observe that the lower 

jaw of the hyperlongirostral Trilophodon is capable of reaching the 

ground and of assisting in feeding, and that there are only two 

grinding teeth in use at one time; whereas the shorter lower jaw 

in Serridentinus cannot so readily reach the ground, and there are 

three grinding teeth in use at the same time. This important differ- 

ence between the dental mechanism in Trilophodon and the Serri- 

dentine seems to be a constant feature, because in the species 

Ocalientinus (Ser.) floridanus, described below, there are apparently 

three grinders in use at once. 
CoMPARISON OF THE JAWS AND GRINDERS.—A comparison 

of the jaws characteristic of members of these two genera is facili- 
tated by the detailed drawings of Serridentinus productus and Tri- 
lophodon giganteus in figure 282. The mandible of T. giganteus 

is greatly elongated and downturned; the mandible of S. productus 
is moderately elongated and horizontal. 

We observe that the same contrast in the use of the grinders 

obtains between Serridentinus productus and Trilophodon giganteus, 

namely, that in 7’. giganteus type there are only two lower molars 

in use and that the last lower molar is relatively long and narrow. 

’ 

SERRIDENTINUS PROAVUS 
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Wortp MiGrATION AND ADAPTIVE RADIATION OF THE SERRIDENTINE MAstToDONTS 

Fig. 373. The medilongirostral ‘Serridentines’ or serrate-toothed mastodonts browsed chiefly in forested areas, whereas the hyperlongirostral 

or long-jawed mastodonts of the genera Trilophodon, Amebelodon, and Platybelodon frequented the river, shallow lake, and pool border areas. 

6. PROGRESSIVE FOREST-LOVING SPECIES OF KANSAS, FLORIDA, 

AND SOUTH AND NORTH CAROLINA 

(Osborn, 1934) The reader’s attention is called to the transfer of Serridentinus floridanus, S. republicanus, S. floridanus leidii, S. 
bifoliatus, S. obliquidens, and S. florescens to the genus Ocalientinus, readily distinguished by dominant and florescent trefoil 
spurs, also by abbreviated cranium and elongate, deeply grooved rostrum (continued on p. 433, with full description of Ocalientinus). 

Ocalientinus (Serridentinus) republicanus Osborn, 1926 

Figures 282, 374, 375, 385, 403 

Type and paratype: Republican River formation, Lower Pliocene, north- 
western Kansas. Referred: Springview, Nebraska, and Long Island, 
Phillips County, Kansas. 

This Pliocene stage of Kansas, the Republican River, occurs in 

the same beds with Cope’s Tetralophodon campester. With its 

roundly blunted cones and conelets, Ocalientinus (Ser.) republicanus 

belongs in Adaptation A of the Serridentine, but it is far more pro- 
gressive than Serridentinus productus; not quite so specialized as 
the Pliocene Ocal. (Ser). floridanus of Florida (Fig. 385). 

Serridentinus republicanus Osborn, 1926. ‘‘ Additional New 

Genera and Species of the Mastodontoid Proboscidea.”” Amer. 
Mus. Novitates, No. 238, November 30, 1926, p. 6. TyPr.— 

A nearly perfect left mandible containing M,-;. Amer. Mus. 

8536. ParatyPE.—Portion of a right mandible with Mb» in 

situ. Amer. Mus. 8530. Type anD Paratype Horizon 

anD Loca.ity.—Republican River formation, Lower Pliocene, 

northwestern Kansas, correlated with Bone Valley =Alachua, 
Lower Pliocene of Florida. 

The type (Fig. 374A) of this species, named Serridentinus 
republicanus after the well-known horizon in which it occurs, is a 
nearly perfect left mandible (Amer. Mus. 8536) containing My-3; 
the paratype from the same horizon (Fig. 374 B) consists of a 
portion of a right mandible (Amer. Mus. 8530) with Me in situ. 
Of the same geologic age is a fine referred mandible of the right 
side, containing Mj;-s, an incomplete left ramus, and an inferior 
molar of the left side, 1.Ms (Amer. Mus. 14438), from Springview, 

REPUBLICANUS 

Fig. 374. Type and 

paratype of Serridentinus 

republicanus Osborn, 1926. 

From the Republican 

River formation, north- 

western Kansas. Compare 
figure 375. After Osborn, Y yy 

1926.706, p. 7, fig. 5, one- YH 
eighth natural size. 

A, Type mandible (Amer. Mus. 8536) seen on the internal aspect; 

internal and crown views of third left inferior molar, 1.M3. 

B, Paratype mandible (Amer. Mus. 8530); internal and crown views of 
second right inferior molar, r.Mo. 

A.M. 8530 Paratype 

Ynat. size 
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Nebraska. There is also a left superior tusk, 1.I°, superbly pre- 
served with its broad enamel band, and a second inferior molar of 

the left side, 1.Mz (Amer. Mus. 2600), from Long Island, Phillips 

County, Kansas. These type, paratype, and referred specimens 

absolutely establish Serridentinus republicanus as belonging to a 
genus and species totally distinct from the classic type of Tetra- 
lophodon campester, which is recorded from this same geologic hori- 

zon, namely, the Republican River of northwestern Kansas. 

SERRIDENTINUS REPUBLICANUS 

C Amer. (us. 2600 ref 

SERRIDENTINUS REPUBLICANUS 
Amer Mus. /4438 ref 

inner view 

Jannat size 

=" 

Amer: Mus. 8536 Type rrev) 

Amer: Mus. 8530 Paratype 

Va nat. size 

Typr, PARATYPE, AND REFERRED SPECIMENS OF OCALIENTINUS 

(SERRIDENTINUS) REPUBLICANUS 

Fig. 375. Type, paratype, and referred dentition of Serridentinus repub- 

licanus, all figures one-eighth natural size. A, B, after Osborn, 1926.706, p. 8, 

fig. 6. 
A, Composition of type (Amer. Mus. 8536, rev.) and paratype (Amer. 

Mus. 8530) mandibles, shown in natural position in figure 374. 
B, Referred right mandible containing Mj-s, internal view (Amer. Mus. 

14438). 
C, Referred left superior incisive tusk, I.I7 (Amer. Mus. 2600). 

Type AND PARATYPE CHARACTERS (COMPARE OSBORN, OP. 

cit., 1926.706, p. 7).—(1) Superior incisors elongate, laterally 

compressed, with very broad enamel band. (2) First inferior 

molars functioning until third molars come into place. (3) 

Second inferior molars with three pairs of rounded prominent 
internal-external cones and two prominent tetartolophid cones 

(compare S. serridens). (4) Third inferior molars elongate with 

four prominent internal-external cones, proto-, meta-, trito-, and 

tetartolophids, the tetartolophid is much inferior in height (elev. 

55 mm.) as compared with the metalophid (elev. 87 mm.). (5) 
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Three to five low posterior conelets, representing the pentalophid. 
(6) Cones and conelets of the rounded, non-compressed form of S. 
productus and of O. (S.) floridanus, rather than of the elevated, 
compressed form of S. serridens. (7) Highly characteristic multiple 
conelets rising on the external trefoil spurs, with from three to four 
conelets clustered at the sides and summits, thus exceeding any 
other florescent trefoil spurs and conelets in the Serridenting, ex- 
cepting O. (S.) florescens. (8) Intermediate columnar conelets rising 
on anterior faces of internal cones of tritolophid and tetartolophid. 

Ocalientinus (Serridentinus) bifoliatus Osborn, 1929 

Figure 376 

Type and paratype, Brewster, Polk County, Florida. Lower Pliocene, 
Alachua clays. 

The specific name bifoliatus refers to the double trefoils shown 
on the three anterior ridge-crests of the type (Fig. 376), also to the 

presence of five ridge-crests as in Ocalientinug (Ser.) floridanus. 

SERRIDENTINUS BIFOLIATUS 
— y, - 

f Z Zms 
\\ / 

SSS 
. Grav. size 

Geol. Surv Fle. 7700 Paratype eS 

< hi e = 8, ae =, 

SERRIDENTINUS BIFOLIATUS 

Type Amer. /7us. /875 

Fig. 376. Type AND Paratype oF OCALIENTINUS (SERRIDENTINUS) BIFOLIATUS 

(Lower) Type third left inferior molar, l.Ms (Amer. Mus. 1875), crown 
and external views, one-half natural size. 

(Upper) Paratype jaw and third left inferior molar, |.My (Geol. Surv. Fla. 

7700), one-sixth natural size. Through courtesy of Director Herman Gunter. 

Observe large trefoils and cingulum on external side of crown; rudimen- 
tary trefoils and absence of cingulum on convex internal side. 
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Serridentinus bifoliatus Osborn, 1929. ‘‘New Eurasiatic 

and American Proboscideans,’ Amer. Mus. Novitates, No. 

393, December 24, 1929, p. 2. Typr.—A third lower 

molar of the left side, 1.M; (Amer. Mus. 1875), presented by 

Professor Raymond. Horizon AND Locatiry.—Lower Plio- 

cene. Brewster, Polk County, Florida. ParatyPe.—A left 

inferior mandibular ramus, with M3; in situ, showing alveolus 

of small rounded inferior tusks, 1.Iz (Geol. Surv. Fla. 7700), from 

the mines of the Amalgamated Phosphate Company (American 

Cyanimid Company), Brewster, Florida. Typr AND PARA- 

type Ficurre.—Type, Osborn, 1929.797, p. 2, fig. 2; type and 

paratype, figure 376 of the present Memoir. 

Speciric CuaracTers.—The type 1.M; (Amer. Mus. 1875) 

was originally identified as Serridentinus brewsterensis but was re- 

moved owing to the presence of double trefoils on the proto-, meta-, 

and tritolophids; in the paratype jaw (Geol. Surv. Fla. 7700) 

there are double trefoils on the proto- to tetartolophids inclusive— 

hence the name bzfoliatus. The pentalophid in the type measures 

51 mm. in breadth, 45 mm. in height; the pentalophid in the para- 

Ocalientinus (Serridentinus) floridanus Leidy, 1886 

Figures 340, 350, 377-380, 403 

Lower Pliocene, Alachua clays, Mixson’s bone bed, near Williston, Levy 
County, Florida. 

Compare Ocalientinus (Serridentinus) floridanus leidii. See also observa- 

tions of Frick and of Simpson (p. 440 below). 

Serridentinus floridanus' is memorable as one of the last fossil 

mammalian species to be described by the veteran Joseph Leidy. 

It is one of the final members (Figs. 350 and 377) of Adaptation A, 

with blunted cones and conelets adapted to the relatively moist 

and luxuriant foliage of the Lower Pliocene of Florida. As shown 

in figure 350 it may be a descendant of S. productus. This is a 

very important and abundant Lower Pliocene species characteristic 

of the southeast coast of the United States, as found in Florida. 

It is also recorded from northern Mexico (Amer. Mus. 22612). 

A Type (Nat. Mus. 3083) 

Tyre AND ONE oF THE Merarypes oF OCALIENTINUS (SERRIDENTINUS) FLORIDANUS 

Fig. 377. Type of Mastodon (Trilophodon) floridanus 

Leidy, 1886. An Msg of the right side, from the Alachua 

clays, Florida. Nat. Mus. 3083; cast Amer. Mus. 17725. 

After Leidy and Lucas, 1896, Pl. v1, figs. 1 and 2, reduced 

to one-third natural size. The type and metatypes of the 
same species are reproduced in figure 379. 

type is elevated, broadly transverse. There is a strong external 

cingulum in both the type and paratype. 
The aged paratype lower jaw was doubtfully placed in the 

genus Serridentinus' because of its extremely broad, robust propor- 
tions (depth below Ms 155 mm., width opposite Ms 136 mm.), 
differing widely from the more slender jaws of the Pliocene and 
Miocene species of this genus. The broken rostrum, containing 
the rounded alveolus of Iz, is somewhat deflected, but it bears 
evidence of considerable abbreviation as compared with that of 
Serridentinus productus. 

The measurements (in millimeters) of the type and paratype 
grinding teeth are as follows: 

ap. tr. If 
Type (Amer. Mus. 1875) 195 81 42 
Paratype (Geol. Surv. Fla.7700) 212 93 44 

Transferred (1934) to the new genus Ocalientinus Frick. 

Fig. 378. Type and metatype of Masto- 

don (Trilophodon) floridanus Leidy; outer 
aspect. All figures one-fourth natural size. 

A, Type, Nat. Mus. 3083 (cast of type 

Amer. Mus. 17725), Ms, right side. 

B, Metatype, Nat. Mus. (cast Amer. 
Mus. 17726), M®, right side. 

C, Photograph, crown view of metatype, 
same tooth as B. After Leidy and Lucas, 

1896, Pl. vu, fig. 1. 

It is a large and progressive animal readily distinguished 

from the Upper Miocene Serridentines by its large size, hypso- 

donty, and progressive ridge-crest formula, namely: M 13, M 23, 

M 3 ie ; also by deep serrations of the trefoil borders. Worn 

specimens of the upper and lower grinders M'-M,, M?-Mo2, may 

readily be confused with those of T’rilophodon, but unworn crowns 

show the Serridentine pattern very distinctly. 
The species Ocalientinus (Ser.) floridanus is in a Lower Plio- 

cene stage of evolution and is certainly far more progressive 

than Serridentinus productus which is in a Mio-Pliocene stage. The 
te Ae 
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following specific characters may now be assigned to this stage, 
awaiting further knowledge of the structure of the cutting teeth 
and of the skeleton. 

Speciric CHaracters.—(1) Ridge formula: M, 13, M 23, 

M3 #4. (2) Serrate trefoils arising on external lobes of lower 

molars and on internal lobes of upper molars as serrated ridges, as 

in the genotypic species S. serridens. (3) External and internal 

cones separated near the summits by a shallow longitudinal fissure, 
but more or less confluent. (4) Superior lophs consisting of two 

cones surmounted by quintuple to sextuple conelets; inferior 

lophs consisting of two cones surmounted by quadruple conelets. 

(5) Crenulate and chcerodont tendency on the sides of the lobes. 
(6) In M?-M; a pair of supplementary posterior cones indicating a 
rudimentary tetartoloph and tetartolophid (as in S. productus and 
S. serridens). (7) In M’-M; two or three supplementary posterior 
cones indicating a rudiment of a pentaloph and hexalophid. 

LocaTIon oF Type AND Mrratyprs 

The type and metatypes of this animal, from the Lower Plio- 

cene of Florida, consist of a number of isolated and beautifully 

© 
“+ floridanus 

All 1/4 nat. size (Nat. Mus.) 

preserved upper and lower molar teeth which were described by 

Leidy in his last contribution to paleontology (Leidy and Lucas, 
1896) as typical of the species Mastodon (Trilophodon) floridanus. 

The type, an r.Ms, is the only tooth mentioned in the original 

description of 1886; the numerous teeth from the same locality or 

horizon upon which subsequent descriptions were based (1896) 

become technically the metatypes rather than paratypes. 

It has been a very difficult matter to designate positively the 

type specimen from Leidy’s description, but the tooth shown in 

figure 377 has been finally selected, a third inferior molar of the right 

side, r.M;. We observe that this beautifully sculptured tooth has 

the characteristic serridentine pattern in the fourth loph, on the 

outer side of the crown of the lower molars (compare Figs. 377 and 

378) and on the inner side of the crown of the upper molars, so we 

have no hesitation in relating it to the genus Serridentinus,' although 

this Lower Pliocene species is much more progressive than the 

Upper Miocene species S. productus in the possession of five 

complete lophs and a quarter loph on the third inferior molars. 

Side by side with this should be placed a drawing of the third 

superior molar tooth as shown in figure 378 B, which constitutes one 

S. flordanus 
Drawn from casts of type (Amer. Mus. 17725) 

and of cotypes (Amer. Mus. 14384) 

OcALIENTINUS (SERRIDENTINUS) FLORIDANUS TyPE AND Meratyres 

i 7 7 idy ral size. The accompanying figures represent 
Fig. 379. Type and metatypes of Mastodon (Trilophodon) floridanus Leidy, 1886, 1896, one-fourth natu 5 ; 

an assemblage of the isolated teeth to which Leidy (1886.1, p. 12) assigned the name Mastodon (Trilophodon) floridanus and which were figured by Leidy and 

Lucas (1896, Pls. 1-v11). 

A, Crown view of type tooth (Nat. Mus. 3083), last lower right true molar, r.Mg (cf. Leidy and Lucas, 1896, Pl. v1, fig. 1) Drawn from cast (Amer. 

Mus. 17725). Al, Side view of same tooth (ef. Leidy and Lucas, 1896, Pl. v1, fig. 2). 

Among the metatypes are: 

B, Left Me (ef. Leidy and Lucas, 1896, PI. 1, fig. 1), and left Mg (ef. Leidy and Lucas, Pl. v, fig. 4), Nat. Mus. 3066; both drawn from east (Amer, Mus. 14384) 

C, Right M! [left M! fide Frick, letter, 1926] (cf. Leidy and Lucas, 1896, Pl. 11, fig. 4). 

D, Left M! [right M? fide Frick, letter, 1926] (cf. Leidy and Lucas, 1896, Pl. 1, fig. 4). 

E, Left M? (cf. Leidy and Lucas, 1896, PI. 1, fig. 4). 

F, Left M2? (cf. Leidy and Lucas, 1896, PI. 1, fig. 2). 

G, Right M® (cf. Leidy and Lucas, 1896, PI. v, fig. 2). 

'See footnote on page 416. 
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of Leidy’s metatypes. The relations of this metatype upper tooth 

to the type lower tooth is clearly shown in this figure (378 B and A). 

Thus the complete characters of the molars in O. (S.) floridanus 

are very clearly established in the typeand metatype specimens 

belonging to the maxillary and mandibular series, which we have 

assembled in their mutual mechanical relations in our figure 379. 

In the preparation of this Memoir the ‘Mastodon’ floridanus 

species was originally referred by Osborn to the genus Trilophodon, 

the name shown in the printed legends on certain figures. It was 

transferred to the genus Serridentinus for two reasons: (1) The 

external and internal position and serrate borders of the trefoils, 

and (2) the apparently simultaneous use of the three grinding teeth 

in the adult stage. The measurements and indices of these teeth 

are as follows: 
ap. tr. I ap. tr. Me 

M? 125e 80e 64e M2 127 80 63 
M3 210 107 51 Ms 226 85 38 
Before describing these in detail we may first speak of the 

geologic level and then proceed with Leidy’s original description. 

Gro.ocic Levet.—(Hay, 1923, p. 121): “16. Archer, Ala- 

chua County [Florida].—Dr. Joseph Leidy (Proc. Acad. Nat. Sci. 

Phila., 1886, p. 11) reported that Dr. W. H. Dall had discovered at 

Archer remains of a mastodon to which Leidy gave the name Masto- 

don floridanus. It is here referred to the genus Gomphotherium. 

It was associated in the Alachua clays with a species of Hipparion, 

three species of Procamelus, and a rhinoceros; also an astragalus 

of Megatherium. All of these, except the last, are usually referred 

to the Lower Pliocene or the Upper Miocene. The writer [Hay] 

believes that they belong to the lowest Pleistocene, the Nebraskan. 

17. Williston, Levy County—Leidy (Proce. Acad. Nat. Sci. Phila., 

1887, p. 309) reported the finding of several species of fossil verte- 

brates in the Mixon bone-bed, at or near Williston. The species 
were Gomphotherium floridanum, Hipparion plicatile, Procamelus 

major, and Teleoceras proterus. These were found in the Alachua 

clays at depths from 2.5 to 6 feet. In Dall’s list of 1892 (Bull. 

U.S. Geol. Surv. No. 84, p. 129) Hipparion ingenuum is included.” 

Osborn, 1923: Osborn regards this animal as of Middle or 

Upper Pliocene age, not Pleistocene, because of its frequent asso- 

ciation with characteristic Upper Pliocene genera and species, 
such as Hipparion, Procamelus, and Teleoceras. 

Osborn, 1933: Osborn is now (1933) of the opinion that it is 

of Lower Pliocene age. 

Smupson, 1930.—In the Alachua and Bone Valley, Lower 
Pliocene, “Serridentinus”’ floridanus is very abundant. 

Hisrory.—In the following notes it is very significant that 

Leidy himself compared this animal with ‘“‘ Tetrabelodon”’ serridens 

Cope and that Cope in his description of 7’. serridens noticed its 

resemblance to M. floridanus. Not until August, 1923, did Osborn 

fully realize that the M. floridanus of Leidy belonged to an entirely 

distinct generic phylum which in December of the same year he 
named Serridentinus. 

Serridentinus floridanus is now (1933) transferred to the new 
genus Ocalientinus Frick, 1933, as fully described below (p. 433). 

OrictinAL Descriprion.—Leidy’s original description and 
subsequent comments by Lucas, Osborn, and Merrill are as follows: 

Mastodon (Trilophodon) floridanus Leidy, 1886. ‘Mastodon 
and Llama from Florida.” Proc. Acad. Nat. Sci. Phila., 1886, 
Vol. XXXVIII, p. 12. Type Descriprion.—‘ An unworn 
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crown of a last inferior molar tooth resembles most nearly that of 

the Mastodon angustidens of Europe, but is much larger. It has 
the same number of crests, but the fifth is proportionately much 

more developed, being divided into two lobes, about two-thirds the 

size of those of the fourth crest. It is also much larger than in M. 

andium, and has its lobes proportionately more robust, and is 
provided with a well-produced external basal ridge. The following 

are comparative measurements of what appear the most closely 

allied forms: 

Fore and aft. Transverse. 

Florida mastodon [O.(S.) floridanus]. 9 inches. 3% 

IMR ammustiders yan e eel eka eater 7 inches. 3% 

MENON TUM jen oto ee 8 inches. 3 

Small fragments of tusks indicate the possession of a band of 

enamel, as in the M. angustidens. For the species, the name of 

Mastodon (Trilophodon) floridanus was proposed.” 

Typr.—‘ An unworn crown of a last [right] inferior molar 

tooth.’ Nat. Mus. 3083, cast Amer. Mus. 17725. Meta- 

tTyPES.—Left Ms, Nat. Mus. 3066, cast Amer. Mus. 14384; left 

Me, cast Amer. Mus. 14384; right M*, Nat. Mus., cast Amer. 

Mus. 17726, and other teeth. Type Ficurre.—(Leidy and 
Lucas, Trans. Wagn. Free Inst. Sei., Phila., 1896, IV, Pl. v1, figs. 

land 2): “Fig. 1. Last lower right true molar. Fig. 2. Last lower 

right true molar. Outer aspect.” (Osborn, 1921) This appears to 

be the tooth first mentioned by Leidy in his original description 
(op. cit., 1886, p. 12) cited above; described and figured in a 

later paper (Leidy and Lucas, 1896, p. 37, pl. v1, fig. 1), and 

identified by him as a last lower molar of the right side. 

Type Locauitizrs AND Mrtatypr.—Collected by William H. 

Dall in the Alachua clays, Mixson’s bone bed, near Williston, 

Levy County, Florida. The Alachua clays are of Lower Pliocene 

age. Hay (1923, p. 15) regards the Alachua clays as of lowest 

Pleistocene (i.e., Nebraskan age). METATPYE AND OTHER 

Locauities.—Leidy also reported (1887, p. 309) from the Mixson’s 

bone bed, Mastodon floridanus, Hipparion plicatile, Procamelus 

major, and Teleoceras proterus. Sellards (1913, p. 58) reported the 

species from Juliette, Marion County, Fla., as of Lower Pliocene 

age. 
Merrill (1907, p. 45) erroneously identified as type Nat. Mus. 

3066. “Mastodon floridanus Leidy. Posterior portion of last left 
lower molar, associated with first and second left upper molars, 

probably of the same individual. Pliocene. Williston, Levy 

County, Florida.” 

Gidley (letter, March 30, 1922) correctly writes: .. . “but 

according to my determination made sometime ago and verified 

again yesterday the type of this species is a last lower molar of the 

right side (Cat. [Nat. Mus.] No. 3083). There can be no doubt 

that this tooth is the one first described by Leidy, as there is no 

other in the collection which agrees with this description and the 
measurements given by Leidy, while this one agrees in every detail. 

(See Proc. Acad. Nat. Sci. Phila., 1886, p. 11.).” 
Osborn, 1921: (1) As compared with the specific types of M. 

longirostris and M. campester, this tooth, r.M3, is in an earlier 

stage of evolution; (2) this tooth belongs in the Serridentine, 
with five complete crests and a bilobed talon crest; (3) it differs in 

the strong external cingulum, an exceptional feature in a lower 
molar, and (4) in trefoils strongly developed on outer side; (5) 
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Leidy (op. cit., 1896, p. 18) distinguished it from ‘Tetrabelodon’ 
serridens Cope; (6) compared the type with referred specimens or 
metatypes of M. floridanus, also (p. 20) with teeth obtained from 
Florida by Hatcher in 1890; (7) M. floridanus has advanced beyond 
the M. productus stage, showing the rudiments of a double trefoil, 
with five distinct crests and a posterior tubercle. 

(Nat. Mus.) 1/2 nat. size 

i Are 

4 

~ 

Type (Nat. Mus. 3083) 

3 Specimens from the type of T’. (S.) productus. 
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quence in Certain Trilophodont Tetrabelodont Mastodons,” Bull- 
Amer. Mus. Nat. Hist., Vol. LVI, Art. II, pp. 137, 140, 141, 155, 
169. Type.—Immature maxillary specimen 
1.P3, 1.P* in germ beneath Dp‘, and 1.M! (broken). Nat. Mus. 
3064. Horizon anp Locatrry.—Lower Pliocene, Mixson’s 
bone bed, near Williston, Levy County, Florida. Tyre Fic- 
uRE.—Leidy and Lucas, 1896, Pl. rv, figs. 9-11 (=Figs. 20A,B of 
Frick, 1926, Fig. 176 of the present Memoir); see also figure 381. 

Type Descriprion.—(Frick, 1926, p. 169): “This Florida 
specimen [type M3; of Mastodon floridanus} represents an individual 
differing as conspicuously in size from that prophesied by the Leidy 
immature maxillary specimen (containing p*, p' in germ beneath 
dp‘, and m!' (broken), Nat. Mus. 3064, figured Leidy, 1896, PI. 
Iv, this paper, in part, Figs. 20A to C [B}), as do the larger Santa Fé 

I, therefore, suggest 

containing 

SERRIDENTINUS FLORIDANUS LEIDII Frick 

SVL . 

Nat-/7us. 3064 Type 

drawn rom 

cast of Type 
Amer. /4us. 2/9/68 

Type oF OCALIENTINUS (SERRIDENTINUS) FLORIDANUS LEIDII 
Fig. 381. New figure of the type teeth of ?Trilophodon (Serri- 

Srconp Tyre AND Merartyre Figures oF OcALIENTINUS (SER.) FLORIDANUS 

Fig. 380. Type and metatype molars of Mastodon (Trilophodon) floridanus. One- 
half natural size. Observe forward inclination of lophs in both superior and inferior 

dentinus) leidii Frick, 1926 (see original type figure Frick, 1926, 

p. 140, figs. 20A, B =Fig. 176 of present Memoir). One-half natu- 

ral size. These teeth, consisting of 1.P%, |.P*, 1.Dp*, 1.M! (Nat. 
grinders. A, Type (Nat. Mus. 3083), a third right inferior molar, r.M3. 

type (Nat. Mus.) a third right superior molar, r.M°. 

Ocalientinus (Serridentinus) floridanus leidii 

Frick, 1926 

Figures 176, 177, and 381 

Lower Pliocene, Alachua clays, Mixson’s bone bed, near Williston, Levy 

County, Florida. Compare Mastodon [ =Ocal. (Ser.)| floridanus, Leidy, 1886. 

The type of this species is a maxillary specimen containing, 

besides Dp‘ and M! (Fig. 381), the third and fourth superior pre- 
molars, P? with P* in germ, which reveal characters not previously 

described. ?T'rilophodon (Serridentinus) leidii! Frick is regarded 
by the present author as a probable synonym of 0. (Ser.) floridanus. 

In 1896 Leidy and Lucas figured as Mastodon floridanus an 
immature maxillary specimen containing P*, with P* in germ beneath 
Dp‘, and M}, which Frick (“Tooth Sequence in Certain Trilopho- 

dont Tetrabelodont Mastodons,” 1926) makes the type of a new 
species, (?)Trilophodon (Serridentinus) leidii, owing to the very 
marked difference in size from the large type of M. floridanus, thus 
indicating a smaller Florida race; it is also distinctive in the peculiar 
form of P*. Frick in his paper of 1926 remarks that while the pre- 
molar status somewhat parallels that in Trilophodon, it represents 

astage slightly in advance. 
?Trilophodon (Serridentinus) leidii Frick, 1926. ‘Tooth Se- 

‘Referred by Osborn (1933) to the new genus Ocalientinus Frick, 

B, Meta- Mus. 3064, cast Amer. Mus. 21916) bear a strong resemblance 

to the teeth of Ocalientinus (Ser.) floridanus (Fig. 379 C, D). 

that this maxillary specimen, indicative of a smaller Florida race, 

be taken as the type of a new species, (?) 7. (S.) leidii. The speci- 

men is of unusual interest, not only in displaying associated p* and 

p‘, the vertical replacement of dp‘, and the former presence of a 

long-rooted tooth (?dp*) anterior to p*, but as well in the peculiar 

form of p‘ (Figs.16A-D; 20A-C [B]), and its position below the 
anteroinner corner of dp‘, which suggests that the tooth would 

erupt out of the normal position (and perhaps asin 7’. furicensis).”” 

Osborn, 1926: The superior premolars, P* and P*, constituting 
a portion of the type of Serridentinus floridanus leidii, are very differ- 

ent from those of S. proavus (Fig. 363) and of S. serridens (Fig. 390); 

they either represent a distinct species or they may belong to the 

as yet imperfectly described superior premolars of S. floridanus. 

Ocalientinus (Serridentinus) obliquidens' Osborn, 1926 

Figures 382-385 

Upper Pliocene, redeposited in Lower Pleistocene. Type and paratype 
from phosphate beds near Charleston, South Carolina. Referred from Tarboro, 
Edgecombe County, North Carolina. 

This final Pliocene stage, distinguished by the elevated, 

compressed, and extremely oblique ridge-crests, appears to belong 



“a 

in Adaptation A, with roundly blunted cones and conelets, adapted 

to the more luxuriant foliage of the eastern coast; it is not improb- 

ably the last of the eastern race of Serridentinus. 

Serridentinus obliquidens Osborn, 1926. ‘‘Additional New 

Genera and Species of the Mastodontoid Proboscidea.” Amer. 

Mus. Novitates, No. 238, November 30, 1926, p. 9. TYPE.— 

A left inferior molar, 1.Ms, from the Cohen Collection (Amer. Mus. 

13710). Paratypr.—A left superior molar, I.M®, also from the 

Cohen Collection (Amer. Mus. 13710a). Horizon AND 

Locatity.—Upper Pliocene, redeposited in Pleistocene phosphate 

beds near Charleston, South Carolina. Tyrer Fraurn.—Osborn, 

1926.706, p. 9, fig. 7. 

The single type (Fig. 382A) left inferior molar, 1.Ms, of Serrt- 

dentinus! obliquidens (Amer. Mus. 13710, Cohen Collection), 

redeposited in Pleistocene phosphate beds of South Carolina, is a 

very progressive form distinguished, as indicated by the specific 

name obliquidens, by its lophs, forwardly oblique, strongly elevated, 

sharply compressed and procumbent, from Leidy’s ‘M.’ floridanus; 

the crown is also narrower, smaller, and less massive in dimensions. 

The ridge-crest formula is apparently the same, namely, proto,- 

meta-, trito-, tetartolophids, bilobed pentalophid, and strong 

rudiment of a hexalophid (feeble in floridanus). The paratype, 

an 1.M? (Fig. 382 Bl, B2), also from the Cohen Collection 

(Amer. Mus. 13710a), reinforces the characters of this species, 

namely: (1) Internal trefoil spurs rising into single trefoil 

conelets; (2) summits of cones cleft into two low conelets; 

(3) summits of internal and external cones closely appressed; 

(4) absence of external cingulum; (5) ridge-crests probably (?) 

four and a third. The number of upper and lower ridge-crests is 

somewhat uncertain, because both type and paratype lack the 

anterior portion of the crown. 
Marteriats.—Besides the type and paratype specimens from 

the phosphate beds of South Carolina is a third right superior molar, 

r.M? (Fig. 382 Cl, C2, Fig. 384), from Tarboro, North Carolina 

(Nat. Mus. 426, cast Amer. Mus. 10800), erroneously identified by 

Merrill (1907, p. 45) as the type of Mastodon obscurus. 

PurioceNnr Acr.—The type (Amer. Mus. 13710) is from the 

Cohen Collection made in the phosphate beds near Charleston, 

8. C., and presented to the American Museum in 1908 by Mrs. 

Morris K. Jesup. Bearing on the Pleistocene age of the Charleston 

phosphate beds of the type locality, this collection also contains the 

following referred materials: Thirty-seven superior and inferior 

grinding teeth referred to Parelephas columbi, all from the phos- 

phate beds near Charleston, 8. C., belonging to the Cohen Collec- 

tion, namely, Amer. Mus. Nos. 13707 (neotype), 13708 a-z, 13708 

aa-ll, 13709. These teeth will be fully enumerated and described in 

Volume II, Chapter XVII, under Parelephas columbi. 

Rererrep.—It is a matter of great historic interest to describe 

and refigure (Fig. 382 C1, C2) with this type (Amer. Mus. 13710) 

the classic fragment (Nat. Mus. 426, cast Amer. Mus. 10800) from 

Tarboro, N. C., a right superior molar, r.M’. This Tarboro molar 

fragment (Fig. 382 C1, C2, and Fig. 384) was erroneously regarded 

by Doctor Merrill in the Catalogue of the National Museum collec- 
tions as Leidy’s type of Mastodon obscurus, an error corrected in 

our revision of the species M. | = Trilophodon|] obscurus (see p. 285). 

We may also reproduce Leidy’s original figure (Fig. 384) of this 
Tarboro specimen. 

‘Referred by Osborn (1934) to the new genus Ocalientinus Frick. 
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Fig. 382. OcaLrenTINUS (SERRIDENTINUS) OBLIQUIDENS OsBorN, TYPE, PARA- 

TYPE, AND REFERRED Mo tars (A, B1, B2, C1, C2), ONE-HALF NATURAL SIZE 

A, Type left inferior molar, 1.M3 (Amer. Mus. 13710), from the phosphate 
beds near Charleston, 8. C., Cohen Collection. Redeposited from Pliocene. 

B1, B2, Paratype left superior molar, 1.M*? (Amer. Mus. 13710a), from the 

phosphate beds near Charleston, S. C., Cohen Collection, consisting of trito- 
loph, tetartoloph, and small bilobed pentaloph. B1, Crown view; B2, internal 

view. 
Cl, C2, Referred right superior molar fragment, r.M* (Nat. Mus. 426, cast 

Amer. Mus. 10800), from Tarboro, North Carolina (compare Fig. 384). C1, 

External aspect (rev.), C2, internal aspect, of tooth represented in crown view 
(Fig. 384). 
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Speciric CHaracters.—The broken left inferior molar type 
consists of the posterior half of the metalophid and the succeeding 
third, fourth, fifth, and rudimentary sixth (or hexalophid) crests, 
by comparison with Ocal. (S.) floridanus. (1) Besides the ex- 

treme ridge-crest obliquity, procumbency, external compression, 

and rudiment of a hexalophid above mentioned, this specific 
stage is distinguished (2) by single but very prominent trefoil spur 

conelets, especially behind the second, third, and fourth cones. 

M, americanus 
Amer. Mus. 13711 Ref. 

Amer. Mus. 13710 a 

All 1/4 nat. size 

Fig. 383. Type (middle) and 
paratype (lower) of Ocal. (Ser.) 
obliquidens Osborn (Amer. Mus. 
13710 and 13710a), phosphate 
beds, near Charleston, South 
Carolina, compared with (upper) 

Mastodon americanus ref. (Amer. 

Mus. 13711) from the same 

locality and collection. One- 
fourth natural size. 

(Upper) Portion of a superior 
molar of Mastodon americanus 
ref. (Amer. Mus. 13711) inserted 
for comparison. 

(Middle) Type third inferior 
molar, 1.M3, of Ocal. (Ser.) 

obliquidens (Amer. Mus. 13710). 
(Lower) Paratype of Ocal. 

(Ser.) obliquidens, consisting of 
the posterior half of a third 
superior molar, l.M* (Amer. Mus. 
13710a). 

This original drawing repre- 
sents the crown view of the origi- 
nal type specimen (middle) in the 
American Museum collection, 
readily distinguished from Ocal. 
(Ser.) floridanus by the lateral 
compression of the molar crowns 
and from T'rilophodon obscurus 
by the oblique and elevated posi- 

tion of the ridge-crests. 

(3) These trefoil spur conelets are 

single instead of multiple, or 

serrate, as in many species of 
Serridentinus. The above char- 

acters are clearly portrayed in 

the type figure (Fig. 382 A). 

The reference of the right su- 

perior molar, r.M* (cast Amer. 

Mus. 10800), to this species is 

too uncertain to base a specific 

determination upon it. 
The following measurements 

and comparisons indicate that 

Ocalientinus (Ser.) obliquidens is a 

more recent and more progressive 
species than, but probably not a 

descendant of, Ocal. (Ser.) flori- 

danus. 

Fig. 384. After Leidy. Portion 

of third right superior molar, 
r.M°, of Ocal. (Ser.) obliquidens 

ref. (Nat. Mus. 426, cast Amer. 

Mus. 10800), Leidy, 1869, Pl. 

xxvul, fig. 16. Compare Leidy, 

op.cit., p. 470, fig. 16: “Mastodon 
obscurus. . . View of the tritu- 

rating surface of the back part 
of a last inferior molar. From 

Tarboro, North Carolina. Half 

the natural size.”’ On pages 247 

and 248 Leidy describes this speci- 

men. Lateral views of the same 

specimen are shown in figure 382 

Cl, C2 of the present Memoir. 

The parts shown in this figure and 

in figure 382 Cl, C2 are the 

tritoloph, smaller tetartoloph, 

and rudimentary pentaloph. 

This high-crowned upper grind- 

er is quite distinct from Leidy’s 

low-crowned Maryland type of 

M. [= Trilophodon) obscurus. 

Ocal. (Ser.) 

floridanus 

Type (cast 

Amer. Mus. 

Ocal. (Ser.) 

obliquidens 

Type (Amer. Mus. 

13710); Ref. (cast 

COMPARATIVE 

MEASUREMENTS 

IN MILLIMETERS 

17725) Amer. Mus. 10800) 

Type r.Ms Type 1.Ms Ref. r.M? 

Anteroposterior 226 193e 170e 

Transverse 85 83e 84 

Height of metalophid 
from base of crown 79 72 

Height of tritolophid 83 (paratype) 79 67 

Height of tetartolophid 80 

Height of tetartoloph 79 

SERRIOENTINUS  FLOKIDANUS 

Nat. Mus. S083 Type comayg wrens 

Outer views 

f$netural size 

SERRIDENTINUS REPUBLICANUS Amer /4u5. 8536 Type 

\ 
Amer. Mus. 0530 Paratyze\ 

=m (rev) 6 

SERRIDENTINUS METACHINJIENSIS 

Amer. \1us, 1/9414 

Me jz i my 

\ \ IN 

. rat ‘ » 
cece } 

Q! ‘e imner view | 
MONGOLIENSIS a Og 

Arner. A1us./9/52 Tyee 

SERRIDENTINUS 

rms (ren Neda 

Fig. 385. Comparison of the inferior grinding teeth of three species of 

Ocalientinus and two of Serridentinus. 

Ocalientinus (Ser.) floridanus type (Nat. Mus. 3083, cast Amer. Mus. 

17725), an r.Ms (rev.). 

Ocalientinus (Ser.) republicanus type (Amer. Mus. 8536), 1.M2-3; 

paratype (Amer. Mus. 8530), r.Mg (rev.). 

Ocalientinus (Ser.) obliquidens type (Amer. Mus. 13710), 1.Ms. 

Serridentinus metachinjiensis type (Amer. Mus. 19414), r.Mp. 

Serridentinus mongoliensis type (Amer. Mus. 19152), r.Mz-s (rev.). 

All figures to the same scale, namely, one-fourth natural size, to demon- 

strate the progressive elevation or subhypsodonty of the lophs and the 

addition of a fifth inferior crest in Ocalientinus (Ser.) floridanus. 
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Fig. 386. ‘Staked Plains’ of northern Texas. 

Exposures of Clarendon horizon, of Upper Mio- 
cene to Lower Pliocene age. Also Lower Pleisto- 

cene Archidiskodon imperator and Upper Pleisto- 

cene Equus scotti quarries of northern Texas. 

Compare figure 358, p. 399. iN | 
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(1) Clarendon horizon, Lower Pliocene, 

Serridentinus serridens life zone. 

(2) Goodnight horizon, Pliocene. 

i 
D.F.Levett Bradley-1933 

S. serridens 
Amer. Mus. 10673 Ref. 

All 1/8 nat. size 

Youne Apuur SkuLt anp JAws or SERRIDENTINUS SERRIDENS, CLARENDON OF TEexas. UNERUPTED THrrp SuPERIOR Mouar 

Fig. 387. Skull and jaws of young adult Serridentinus serridens ref. (Amer. Mus. 10673), found in the Lower Pliocene, Clarendon formation of Texas, by J. W. Gidley, © 
Amer. Mus. Expedition of 1901. The same dentition is shown on a larger scale and more accurately in figure 390. All figures one-eighth natural size. This skull was 
crushed vertically by rock pressure and conveys an erroneous impression both of the anterior (A 1) and occipital (A 2) aspects. 

422 
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II. Ascending Phylum (B). Sharp Ridge-crests. Trefoil spurs less dominant than in Ocalientinus 

423 

ASCENDING PHYLUM (B) OF SPECIES OF SERRIDENTINUS, WITH RIDGE-CRESTS PROGRESSIVELY ELEVATED AND 

SHARPENED; RIDGE-CRESTS WITH TREBLE OR QUADRUPLE INTERNAL (UPPER) AND EXTERNAL (LOWER) 

CONELETS. TREFOIL SPURS FINELY SERRATED. THE SHARPENED GRINDING TEETH IN THE 

SPECIES BELOW WERE APPARENTLY ADAPTED TO THE LESS SUCCULENT VEGETA- 

TION OF THE MORE ARID PLATEAUS AND UPLANDS OF THE PLIOCENE OF 

THE SOUTHERN AND WESTERN UNITED STATES 

7. PROGRESSIVE PLAINS- AND DESERT-LOVING SPECIES OF NEBRASKA, TEXAS, 

FLORIDA, AND GUATEMALA 

Serridentinus serridens Cope, 1884 

Figures 170, 171, 342, 347, 348, 366, 387-390 

Clarendon formation, Lower Pliocene of Texas. 

Compare Serridentinus serridens cimarronis Cope, 1893. 

Serridentinus serridens is certainly a distinct species char- 

acteristic of the Lower Pliocene Clarendon beds of Texas; it is 

more progressive in structure than S. anguirivalis and shares with 

that species the relatively high, compressed cutting cones and 

crests of Adaptation B of Serridentinus. Represented by a beauti- 

ful skull with jaws (Figs. 366 and 387), it is one of the best known of 

all species of Serridentinus. See also the Frick Collection, New 

Mexico (See. 8 below), and supplementary observations of Frick 

and of Simpson (p. 440). 
Histrory.—This stage from the Lower Pliocene of Texas, or- 

iginally described by Cope in 1884, was confused for a time by 

Osborn with Cope’s Mastodon productus from the Santa Fé marls, 
because the measurements of the intermediate molar teeth are so 

closely similar. Owing to this erroneous identification of the two 

Fic. 8. Tetrabelodon serridens Cope; ?first molar. Typical 

specimen from ?Pliocene of Texas. Four-ninths natural size. 

Original. 

ORIGINAL AND New FIGURES OF THE 

Fig. 388. Original figure of Cope’s type upper molar of Masto- 

don serridens, 1884. After Cope, 1889.2, p. 205, fig. 8, figured as 

Tetrabelodon serridens. Amer. Mus. Cope Coll. 14297. Four- 

ninths natural size. 

This is an unworn second superior molar of the right side, 

r.M?, as shown by comparison with the corresponding tooth in 

figure 390. It is recognized as a superior molar by the presence 

of quintuple to sextuple conelets on the lophs 

g ectocingulum 

> 

ctngulum cingulum 

externa] cone and conelets 

r.m2 Yo natural stze 

SERRIDENTINUS SERRIDENS 
Amer. Mus. /4297 Type 

—— —_ 

—7) 

internal cone and conelets 

Tyre or SERRIDENTINUS SERRIDENS 

Fig. 389. Cope’s type upper molar of Mastodon 

serridens (Amer. Mus. Cope Coll. 14297), Lower Pliocene 

(Clarendon), Texas, Second type figure prepared for this 

Memoir, one-half natural size. 

A second superior molar of the right side: upper 

drawing, external view; middle drawing, crown view; 

lower drawing, internal view. This figure was drawn under 

the impression that it was a lower molar; it proves to be a 

right M2, distinguished by quintuple to sextuple conelets; 

rudimentary tetartoloph conelets broken off. 
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species, certain of the figures in the present Memoir were printed 

Trilophodon productus serridens or T. serridens productus. Osborn 

subsequently observed (Fig. 364) that the palatal aspect of the 

cranium in the two species was quite different; also that both 

species belonged to Serridentinus and not to Trilophodon. 

M. [Mastodon] serridens Cope, 1884. “The Mastodons of 

North America.” Amer. Naturalist, Vol. XVIII, 1884, p. 

525. Typr.—A second superior molar, r.M? (Amer. Mus. 

Cope Coll. 14297). Horizon AND Locatiry.—(Cope, 1889.2, 

p. 205): “Typical specimen from ?Pliocene of Texas.” (Osborn, 

1921): The formation is probably the Clarendon of Texas, which 

yielded the fine skull and jaws of the American Museum expedition 

of 1901, also Protohippus, early Lower Pliocene. TYPE 

Figure.—Cope, 1889.2, p. 205, fig. 8, under the name Tetrabelodon 

serridens. 

S, serridens 

Amer. Mus. 10673 Ref. 

S 

s 3 Ww Vo 

PROBOSCIDEA 

crown, 130mm.; width, 80mm.; height, 61 mm. (6) Similar 

to the subsequently described M. floridanus of Leidy. 

Osborn, 1923: The unworn type molar of ‘Mastodon’ serri- 

dens represents a second superior molar of the right side, r.M?’. 

Cope’s type figure reproduced in facsimile herewith (Fig. 388) ex- 

hibits the distinctive sextuple conelets of the unworn protoloph and 

metaloph, also the outer aspect of the crown (which has been 
inverted in order to see it in its natural position) exhibits trefoils 

springing from the internal side of the internal lobes. The new 

type figure (Fig. 389) is also inverted to show the natural 

position of this tooth. The upper drawing represents the out- 

side surface, the middle drawing the crown surface, the lower 

drawing the inside surface, which is strongly cingulate. The 

type molar of M. serridens which, as Cope truly observes, is 

analogous to the molars of Mastodon turicensis Schinz, thus serves 

S. serridens 

Amer. Mus. 10673 Ref. 

Meas = 

} { 

ae) ----- 
z) 

= 

~ 
> 

1/4 nat. size 

DentITION oF YounG ADULT SERRIDENTINUS SERRIDENS REF. 

Fig. 390. Detailed structure of young adult Serridentinus serridens (Amer. Mus. 10673) fourth premolars and first and second 
molars only, P*-P4, M!-Mi, M2-Mg, contained in the skull illustrated in figure 366. One-fourth natural size. The same dentition 

is shown on a smaller scale and less accurately in figure 387. 

Type Descriprion.—(Cope, 1884.1, p. 525): “Founded on a 
first or second true molar from Texas. It is peculiar among Ameri- 

can species in its acute elevated, entire crests, with tuberculo- 

serrate edges. It thus resembles the M. turicensis, but differs in 

well-developed longitudinal crests at the inner end of the external 

half of the crests, which consist of two tubercles on the posterior 

side of a crest, and on the anterior side of the next succeeding crest. 

Strong anterior and posterior cingula; edge of each cross-crest 

with six or seven tubercles. Length of crown, M. .130; width, 

.080; elevation, .061. Length of M. ohioticus, but narrower. Found 
by Henry Brous, M.D.” 

Copr’s SuppLeMENTARY Description (oP. ciT., 1889.2).—(1) 

Peculiar in its acute elevated, entire crests with tuberculo-serrate 

edges. (2) Well-developed longitudinal crests at the inner end of 

the external half of the lobes, consisting of two tubercles on the 
posterior side of a crest, and one on the anterior side of the next 
succeeding crest. (3) Strong anterior and posterior cingula. (4) 
Edge of each cross-crest with six or seven tubercles. (5) Length of 

to bring out clearly the generic distinctions of Serridentinus from 

Trilophodon and Turicius. 

Osborn, 1924: Osborn (1924) restores Serridentinus serridens 
as a species distinct from Serridentinus productus, and refers to this 
species the young adult skull and Jaws in the American Museum 

collection (Amer. Mus. 10673) found in the Lower Pliocene of 

Texas by Gidley of the expedition of 1901; it exhibits three upper 

and lower grinders in use (Fig. 387), namely, P 4-M 2, the third 

superior and inferior molars, M*-Ms, not yet having come into use. 

Youna ApuLT SKULL AND JAWS REFERRED TO SERRIDENTINUS 

SERRIDENS IN THE AMERICAN Museum (Fa. 387) 

This superb young adult skull from the Lower Pliocene of 

Texas exhibits the upper and lower tusks in their relatively unworn 

condition, whereas in Cope’s type of M. productus (Fig. 367) and in 

the adult skull of S. productus described above (Fig. 370) both the 

lower and upper tusks are considerably worn. The narrow and 

deep tusk section and the position of the lateral enamel band are 

a 
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beautifully shown in this drawing (Fig. 387 A) in contrast to the 

flattened or subtriangular section (B) of the lower tusks which are 

without enamel. The jaws are of the medilongirostral type and 
somewhat decurved, in contrast to the upward curvature character- 

istic of the Trilophodon jaws; six grinding teeth, above and below, 

are in use on each side, which may be homologized as P*-M?, 

P;-M2; the premolars (which may belong to the permanent or to 

the deciduous series) are bilophodont; the intermediate molars are 
trilophodont; there is still no trace of the third molars, M%-Ms, 
in either jaw. 

Crusuinc.—The cranium of this individual (Fig. 387) is 
flattened by rock pressure so that the anterior view (Al) and the 
occipital view (A2) are altogether out of proportion; this flatten- 

ing is somewhat rectified in the drawing of the lateral view of the 
skull (A). The uncrushed skull of Serridentinus was undoubtedly 
rounded above like the skulls of T’rilophodon and Tetralophodon; 
the chief difference between the skull of Serridentinus and that of 
Trilophodon is the abbreviation of the rostrum, maxillo-premaxil- 
lary above, and symphyseal portion of the mandible below. 

GRINDING TEETH OF SERRIDENTINUS (IIc. 390).—The denti- 

tion of Serridentinus serridens is displayed in detail in the same 
skull (Amer. Mus. 10673); the detailed structure of the crowns 

of the grinding teeth is beautifully shown in this skull as illustrated 
in figure 390. The teeth in place are P‘-P;, M'-M,, M*-Me. The 

fourth superior premolar (A) is tetrabunodont and differs entirely 
from a molar in form; this tooth, P‘, should be compared with the 
type premolar of Serridentinus proavus (Fig. 362), which is also 

tetrabunodont. The fourth inferior premolar (B) is also tetrabuno- 

dont but is elongate in form like the molars. The first superior molar 
(A) is trilophodont and half worn; the tritoloph is much narrower 

than the protoloph and metaloph. The first inferior molar (B) is 

relatively narrow, the tritolophid is more fully developed. The 
second superior molar (A) is also trilophodont, but the tritoloph 
is relatively broader than in M!. The second inferior molar (B) 

is relatively long and narrow, broadening somewhat posteriorly. 
These are the teeth which are used in the diagram (ig. 348 A) 

to show the reciprocal mechanical relations of the upper and lower 

teeth in the Longirostrine and Tetralophodontine. 

Serridentinus anguirivalis Osborn, 1926 

Figures 391 and 394 

Lower Pliocene, Snake Creek formation (upper), Quarries 7 and 5, 

south-central Sioux County, western Nebraska. 

The species Serridentinus anguirivalis, named after the Snake 
Creek formation of western Nebraska, as shown in the succeeding 

table, is represented by the type and paratype specimens (Amer. 
Mus. 17217, 19248e), also by four referred specimens (Amer. Mus. 

19248¢, h, i, k) from two different quarries of the same geologic 

age. This specific stage (Fig. 391) appears to be more primitive 
than the stage represented by Cope’s Mastodon [=Serridentinus] 
serridens (Fig. 388). 

Serridentinus anguirivalis Osborn, 1926. “Additional New 
Genera and Species of the Mastodontoid Proboscidea.” Amer. 

Mus. Novitates, No. 238, November 30, 1926, p. 10. Typr.— 

A second right superior molar, r.M? (Amer. Mus. 17217). Para- 
TYPE.—Posterior portion of a right third superior molar, r.M* 

(Amer. Mus. 19248e), consisting of metaloph, tritoloph, and 
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tetartoloph (Figs. 391, 394). Horizon AnD Locatity.—- 

Snake Creek B horizon (upper), Lower Pliocene, south-central 

Sioux County, Nebraska; type from Quarry 7, paratype from 

Quarry 5. Type Ficure.—Op. cit., 1926.706, p. 10, fig. 

8. Rererrep.—The middle fragment of a superior tusk 

(Amer. Mus. 19248 i) and the end fragment of another tusk (Amer. 

Mus. 19248 g) exhibit a characteristic upper incisor section of 

Serridentinus flattened by wear on the internal side. 

The type tooth (Fig. 391) of this species, a second right superior 

molar, r.M* (Amer. Mus. 17217), was erroneously determined 

by Osborn (1921.522, p. 3, fig. 1,A1) as belonging to Mastodon 

[= Pliomastodon, 1926] matthewi 

and described as a paratype of a 

genus and species from which it 

is entirely distinct. The same 

r m3 irev) AM /9248 e 
ee’. " Paratype Ij, ai 

SERRIDENTINUS ANGUIRIVALIS 

A.M.17217 7 me ~\_ AM 192489 
ye % Internal face Pe ley 

eres; : at i 

Fef 

A.1/4 1/9248 t 

Fig. 391. Type of Serridentinus anguirivalis Osborn, 1926 (Amer. Mus. 
17217), a second right superior,molar, r.M*. Paratype of same species, an 
r.M® (Amer. Mus. 19248e). Referred superior tusk fragments of same species 
(Amer. Mus. 19248i, 19248g). After Osborn, 1926.706, p. 10, fig. 8 (compare 

Fig. 394 showing type of S. anguirivalis in comparison with S. nebrascensis, 
Pliomastodon, and Rhynchotherium in the same horizon). A1, after Osborn, 

1921.522, fig. 1. This r.M® was erroneously made the paratype of Mastodon 

matthewi; subsequently Osborn (1926.706, p. 10) made it the type of Ser- 

ridentinus anguirivalis. 

specimen was selected by the present author in 1926 (Osborn, 
1926.706, p. 10) as the type of a new species, named Serridentinus 

anguirivalis in reference to its occurrence in the Snake Creek forma- 

tion. 
When closely compared with the corresponding type tooth, 

r.M? (Figs. 388 and 389), of the more progressive Serridentinus 

serridens, the present species S. anguirivalis is at once seen to be 
inferior in size and less progressive in form; the cones are slightly 

less elevated, e.g., metaloph (external 56 mm.), as compared with 

that of S. serridens (external 61 mm.). The type r.M? is supple- 

mented by the paratype (Amer. Mus. 19248e), a right third superior 
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Snake Creek B, upper, Lower Pliocene. Pliohippus letdyanus zone: Quarries 1, 3, 4, 5, 7, Serridentinus anguirivalis, S. nebrascensis, Pliomastodon mat- 

thewi, Rhynchotherium anguirivalis. 

Snake Creek A, lower, Upper Miocene. Merychippus paniensis zone: Quarries 2, 6, Alticamelus, ete. No evidence of Proboscidea. 
Sheep Creek quarries. Merychippus primus zone: Blastomeryzx, etc. No evidence of Proboscidea. 
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western Nebraska. 

S-N North to south section (upper) taken along the eastern boundary of sections 21, 28, and 33, T. 26 N., R. 55 W., and sections 4 and 
9, T. 25 N., R. 55 W., Sioux County, Nebraska. 

W-E West to east section (lower) taken along the 42° 10’ latitude line in T. 25 N., between R. 54 W. and R. 55 W. 
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Fig. 394. Fauna (Mastroponts, SeRRIDENTINES, AND RHYNCHOROSTRINES), SNAKE CREEK B Horizon (UPPER), OF WESTERN NEBRASKA 

ALL FIGURES ONE-THIRD NATURAL SIZE 

Pliomastodon matthewi 

Type and paratype grinding teeth, originally described by Osborn as 
Mastodon matthewi (Osborn, 1921.522, p. 2), subsequently (1922.564, p. 4) 

as Miomastodon matthevi. Type, a third superior molar, r.M? (Amer. 
Mus. 18237); paratypes, an inferior right third molar, r.Mg (Amer. Mus. 
18238), and first right inferior molar, r.Mi (Amer. Mus. 18239); also re- 
ferred r.Mz (Amer. Mus. 19248a) and superior tusk, I? (Amer. Mus. 
19248b); all isolated specimens representing different stages of wear. 
See Chapter VI, Pliomastodon matthewi. 

Serridentinus anguirivalis 

Type second right superior molar, r.M? (Amer. Mus. 17217), superior 
and internal aspects; paratype, third superior molar, r.M* (Amer. Mus. 
19248e); also referred superior incisive tusks (Amer. Mus. 19248¢, 19248i). 
See present Chapter X. 

Serridentinus nebrascensis 

Type, first right superior molar, r.M! (Amer. Mus. 18240); also re- 

ferred first left superior molar, 1.M! (Amer. Mus. 21459). See present 

Chapter X. 

First erroneously described as Stegomastodon nebrascensis (Osborn, 

1924), these two Lower Pliocene grinders of Serridentinus nebrascensis 

strengthen the correlation of the Snake Creek of Nebraska with the 
Alachua and Bone Valley of Florida. 

Observe close resemblance of the type of Ser. nebrascensis and referred 
grinding teeth (r.M!, Amer. Mus. 18240, 1.M!, Amer. Mus. 21459) with the 
corresponding premolar teeth (r.M!, 1.M!) of Ocalientinus (Ser.) flori- 
danus (Fig. 379 C, D of the present chapter). 

Rhynchotherium anguirivalis 

Type, r.Mg (Amer. Mus. 19250), a well-worn right inferior grinding 
tooth; referred left third superior molars, 1.M%, well worn (Amer. Mus. 

19248f), less worn (Amer. Mus. 21454), crown and side views of another re- 

ferred left third superior molar, 1.M* (Amer. Mus. 19248c), also a left superior 

premolar, ].P? (Amer. Mus. 21453). See Chapter XI. 
Observe the very wide contrast between (a) the smooth, thin enamel of Pliomastodon, (b) the very thick, smooth enamel and blunt cones of Rhyncho- 

therium, (c) the folded, chcerodont enamel of Serridentinus nebrascensis, (d) the thin, high-crested enamel of S. anguirivalis. These contrasts indicate that 
the Snake Creek (upper) mastodonts were washed in from many different local feeding habitats. 
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molar, r.M’, from Quarry 5, in which the metaloph has a similar 

elevation (internal, 52 mm.). This type and the paratype establish 

S. anguirivalis as a more primitive and smaller animal than S. 
serridens. 

Faunau Leveu.—In the same faunal level, as shown in the 

figure (Fig. 394) on page 428, occur three other species of masto- 

donts, including the type, paratype, and referred specimens of 

Pliomastodon matthewi, the type and referred specimens of Rhyn- 

chotherium anguirivalis, and the type and referred specimens of 

Serridentinus nebrascensis. Each of these species is represented by 
several isolated specimens discovered in the various quarries of the 

Snake Creek B formation (upper), which the collector, Albert 
Thomson, considers as of the same geologic age. 

Serridentinus anguirivalis SS. serridens 

Type r.M? Paratype r.M* Type r.M? 

Anteroposterior 121 145e 130 
Max. width of protoloph 64 Sle 80 
Max. height of metaloph 60 52 61 
Width of metaloph 75 86 79 

Type CHARACTERS.—(1) Relative measurements as above, 

smaller and less progressive than S. serridens. (2) Trefoil spurs 

represented by low vertical ridges lacking the single or double 
conelets of S. serridens. (3) Postcingulum broad ending in a 

prominent single conelet; internal cingulum lacking; external 

cingulum rudimentary, rugose. (4) Internal cones bifid at summit. 

Paratype Cuaracters.—(1) Right third superior molar, 
r.M?, with four crests, protoloph (broken away), metaloph with 
five to six transverse conelets, tritoloph the same, tetartoloph with 

three transverse conelets. (2) Postcingulum rudimentary, inter- 
nal cingulum strong in antero-internal portion. 

CoMPARISON WITH SERRIDENTINUS SERRIDENS.—These meas- 

urements and detailed characters prove that the Serridentinus 

anguirivalis of Nebraska is geologically more recent but less pro- 

gressive than S. serridens of Texas, yet it apparently belongs in the 
same sharp-crested phylum; it is more progressive than S. brewster- 

ensis of Florida. 

Serridentinus nebrascensis Osborn, 1924 

Figures 394 and 446 

From Snake Creek, Sioux County, Nebraska, Quarry 1, Lower Pliocene. 

Serridentinus nebrascensis, erroneously described (1924) by 

Osborn as ‘Stegomastodon,’ based upon an r.M' (type) and an |.M' 

(see Fig. 394), may prove to be the same as the subsequently 

described Serridentinus anguirivalis Osborn, 1926, in which case S. 
anguirivalis becomes a synonym. For full description, see Appendix 

to the present Chapter X (p. 473). 

Serridentinus serridens cimarronis Cope, 1893 

Figure 395 

East of Llano Estacado, north of south fork of Red River, Clarendon of 
Texas, Lower Pliocene, Procamelus-Hipparion zone. 

The type of this subspecies has not been examined by the 
present author; thus we depend upon Cope’s type figure, repro- 
duced in our figure 395. Another uncertainty arises from the fact 
that the third superior molar of Serridentinus serridens is not fully 
known; as shown in figure 366 it is still buried in the skull. The 

high, compressed cones and extremely narrow, subtriangular pos- 

terior half of the crown relate this species to Adaptation B of the 

Serridentinus series. 

This subspecies was established by Cope in 1893 on a mis- 

apprehension as to the position of the type specimen (Fig. 395) in 
the dental series, which he designated with a reservation as “‘a 

last inferior molar,’ but which is certainly to be regarded as a 

third superior molar of the left side, 1.M*, as shown by comparison 

of Cope’s type figure (Fig. 395) with figure 349 of the present 

Memoir. The proportions are not quite the same in the two draw- 

ings, but when we compare the two specimens the general re- 

semblance is very close indeed. The geologic age, according to 

Cope, is the same and we may therefore regard Tetrabelodon serri- 

dens cimarronis as a synonym or subspecies of S. serridens. 

T. |Tetrabelodon| serridens cimarronis Cope, 1893. “A Pre- 

liminary Report on the Vertebrate Paleontology of the Llano 

Estacado.” Fourth Ann. Rept., Geol. Surv. Texas for 1892 (1893.1), 

pp. 18-20. Tyre.—A third superior molar of the left side, 

1M’, Texas Geological Survey Collection, Austin, Texas. 

Horizon anp Locatiry.—East of Llano Estacado, Texas, north 

of south fork of Red River, Clarendon beds, containing Proto- 

hippus, type of M. serridens Cope, and referred M. productus Cope. 

Tyre or SERRIDENTINUS SERRIDENS CIMARRONIS 

Fig. 395. Type 1.M® of Tetrabelodon serridens 
cimarronis Cope, 1893, Pl. 11, figs. 2 and 3, one-half 

natural size. East of Llano Estacado, Texas, north 

of south fork of Red River. Texas Geological Survey 
Sollection. 

A third superior molar of the left side, 1M’, 
erroneously identified by Cope as a third inferior 
molar. Upper figure reversed to show natural position. 

(Osborn, 1918.473, p. 34): Procamelus-Hipparion zone. Type 
Fiaure.—(Cope, 1893.1, Pl. m1, figs. 2,3): Figure 2. ‘‘ Tetrabelodon 

serridens cimarronis, Cope; last inferior [superior] true molar of 

left side, one-half natural size, from above. Figure 3. Same as 

figure 2, from inner side.” 
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Typr Descrrprion.—(Cope, 1893.1, p. 19): “I refer to this 

species with much reserve a last inferior molar, which is for the most 

part in excellent preservation. It resembles the intermediate molar 

on which the species [S. serridens] was established in most respects, 

but presents some important differences,among which is a rela- 

tively inferior size. The fact that the last molar exceeds very little 

in length the typical intermediate molar, renders the identification 

doubtful, unless it indicates a small race of the same species.” 

Type Cuaracrers.—(Cope, op. cit., 1893.1, p. 19): (1) The 

molar (?) Ms; {M’] supports only three crests and a well-developed 

heel; crests elevated with their apices contracted both longitudinally 

and transversely; (2) other characters like the type of 7’. serridens; 

(3) the specific differences of 7’. serridens cimarronis are as follows: 

“Tn the new tooth the internal half of the middle cross-crest has 

three tubercles; in the type there are four (one smaller). On the 

external half of this crest there is no tubercle besides the main 

cusp; in the type there is one, in line with four of the other half. 

The new tooth shows a single tubercle behind the main external 

cusp; in the type there are two. The posterior crest has in both 

teeth tubercles on the external half; on the internal half there are 

three, besides the principal in the type, and but one in the new 

tooth. In both teeth the internal part of the first cross-crest is not 

serrate. In the new tooth the heel consists of three obtuse tubercles, 

of which the external is the largest.- The valley separating it from 

the crest in front is not blocked by a tubercle. Enamel smooth. 

Measurements (].M®*] 
Mm 

Movalilenpthvotvcrowssctseciie..llacicaks ce ae cc a 140 

Wadthron crown at firsticrestiqaccs. occas cos sles 80 

Width of crown at second crest................... 76 

Width of crown at third crest..................5. 68 

Width of apex of first crest.......6...:02000.000005 49 

Width of apex of third crest.................... 36 

Elevation of first crest from cingulum............ 46 

Elevation of third crest from cingulum............ 43 

As already remarked, this tooth is relatively smaller than the 

corresponding one in the type specimen should be. The latter 

should measure about 205 mm., whereas the length of the tooth now 

described is only 140 mm. It may pertain to a different species, 

but for the present I refer it to a small race of the 7’. serridens, 
under the name of T.. serridens cimarronis.”’ 

Osborn, 1924: For the reasons above stated the type is re- 

garded as a third superior molar of the left side which we believe 

will not be found to differ very widely from the corresponding tooth 

in Serridentinus serridens ref. (Amer. Mus. 10673). 

Serridentinus brewsterensis Osborn, 1926 

Figure 396 

Lower Pliocene, Bone Valley formation, Brewster, Polk County, Florida. 

We may regard Serridentinus brewsterensis as less progressive 
than the sharply crested S. anguirivalis (Fig. 391), S. serridens 
(Figs. 388, 389), and (?) S. precursor! (Figs. 397, 398); it agrees 
with (?)S. precursor! in the posterior narrowing of M® and in the 
presence of only four ridge-crests. See observations of Frick and 
of Simpson (p. 440 below). 

The type of this species (Fig. 396), a third superior molar of 
the left side, 1.M* (Amer. Mus. 1908), part of the collection of the 

‘Referred by Osborn (1935) to Serbelodon(?) precursor. 

PROBOSCIDEA 

American Cyanimid Company of Brewster, Florida, and presented 

to the American Museum by Mr. H. L. Mead in 1924, is from 

Brewster, Polk County, Florida, and is apparently distinct from any 

of the American species of Serridentinus heretofore described, 

although it may approximate the still unknown M§® of Serrzdentinus 

serridens. The presence of only four ridge-crests in M$, of strong 

trefoil spurs on each crest, and the extreme narrowness of the type 

tooth posteriorly, are three distinctive characters. This molar 

tooth is in a more progressive stage than that of S. productus ref. 

(Amer. Mus. 10582), but is less progressive than the S. serridens 

stage of Texas. It is clearly distinguished from Ocalientinus (Ser.) 

floridanus (Fig. 377) by the oblong, triangular form of the third 

superior grinder, which contracts rapidly to the narrow tetartoloph, 

also by four ridge-crests instead of five. 

S. BREWSTERENSIS 

AMM. 1908 Type 

Fig. 396. Type third left superior molar, 1.M3, of Serridentinus 

brewsterensis (Amer. Mus. 1908), from Brewster, Polk County, 

Florida. After Osborn, 1926.706, p. 11, fig. 9, one-half natural size. 
Observe the much more primitive structure of this molar than that 

of the r.M® of Ocalientinus (Ser.) floridanus (Fig. 380). 

Serridentinus brewsterensis Osborn, 1926. ‘“‘ Additional New 

Genera and Species of the Mastodontoid Proboscidea.” Amer. 

Mus. Novitates, No. 238, November 30, 1926, p. 11. TYP Bi 

A third superior molar of the left side, 1.M* (Amer. Mus. 

1908). Horizon AnD Locautiry.—-Lower Pliocene, Bone 

Valley formation, Brewster, Polk County, Florida. TYPE 

Ficure.—Osborn, op. cit., 1926.706, p. 11, fig. 9. 

Type CHaracTers.—Third superior molar with (1) four 

ridge-crests only, (2) the tetartoloph not more than two-thirds the 

height (elev. 45 mm.) of the protoloph (elev. 60 mm.), (3) total 

width of the tetartoloph (breadth 59 mm.) much less than the width 

of the protoloph (breadth 87 mm.), (4) total length of the crown 

(ap. 179 mm.) not far inferior to that of Ocalientinus (Ser.) flori- 

danus (ap. 210 mm.), (5) indication of cement in the valleys, (6) 

rudiments of external and internal cingula. 

Puyetic Posrrion.— ‘The type of this Florida species belongs 
nearer to the elevated and compressed southwestern phylum of 

Serridentinus serridens and (?)S. precursor"! than to the blunted cone 

series which includes S. productus and S. floridanus, yet the eleva- 

tion, compression, and serrate condition of the crests have not 

progressed so far asin the type of S. serridens; for example, the 

type tritoloph of M? in S. serridens exhibits six conelets, whereas 

the type tritoloph of S. brewsterensis exhibits only five conelets; 

the trefoil spur conelets of S. serridens are much more prominent 

than those of S. brewsterensis.”’ 
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A third lower molar of the left side (Amer. Mus. 1875) from 

Brewster, Polk County, Florida, belonging to the Raymond Collee- 

tion, was first referred by the present author to Serridentinus 
brewsterensis; it now appears to belong to Ocalientinus (Serriden- 

tinus) bifoliatus, under which specific name its description may be 
found. 

Serbelodon(?) precursor Cope, 1892, 1893 

Figures 397-399 

Upper Pliocene, Blanco formation, Mt. Blanco, Llano Estacado, Texas. 

Osborn, 1935: The type of ‘Dibelodon’ precursor Cope was 
first erroneously referred by Osborn to Serridentinus; it resembles 

rather the corresponding molar of Serbelodon barbourensis (Vig. 

408, p. 442 below). The resemblance is not specifically close, 
since Cope’s type (Fig. 397) is five crested. Similar to Cope’s 

type M® of ‘D.’ precursor is Freudenberg’s type of Mastodon 
oligobunis var. felicis (Fig. 516). The generic reference of both 

precursor and felicis is still uncertain. 

Piarx XVIII. 

DIRELODON FRACURIOR, 

PLare XIX. 

New Type Figure or SERBELO- 

DON(?) PRA#CURSOR 

Fig. 398. New type figure of 
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Blanco Epoch.” Amer. Naturalist, 1892, Vol. XX VI, p. 1059 (name 

only). “A Preliminary Report on the Vertebrate Paleontology of 

the Llano Estacado.’”’ Fourth Ann. Rept. Geol. Surv. Texas for 

1892 (Cope, 1893.1), pp. 64, 65. Tyrre.—Posterior molar 

found in the side of the bluff from which Cope had excavated the 

jaw of the Pliauchenia spatula. “This molar tooth has lost its 

anterior cross-crest, but is otherwise perfect, and is unworn.” 
Texas Geological! Survey Collection, Austin, Texas. Cast Amer. 

Mus. 14282. Horizon AND Locatiry.—Blanco formation, 

Mt. Blanco, Llano Estacado, Texas; Upper Pliocene. Type 

Ficure.—Cope, 1893.1, Pl. xv, ... “last inferior [superior] 
true molar of the left [right] side, from above; anterior cross-crest 

supplied: natural size.” Pl. xrx, . . . “tooth figured in Plate 
xviil, from the inner [outer] side; natural size.” 

Tyre Descrietion.—(Cope, 1893.1, p. 65): (1) The crown 

consists of four cross-crests and a very large heel, which has the 

constitution of the cross-crests, but is transversely contracted. 

(2) Crests remarkable for acute summits, more contracted trans- 

versely, shorter at the apex than in 7’. serridens, also more acute. (3) 

Accessory ridges, trefoils, on the external halves only, which 

would produce lobes on wear, while the internal halves of the 

crests are entirely simple. (4) Enamel smooth. 

(5) Considerable deposit of cementum between 

the crests. (6) Measurements: Length of last 

molar (anterior crest restored) 160 mm.; width 

at second crest 68 mm.; elevation of second 

crest 54 mm. (7) Approaching M. americanus 

in simplicity and acuteness of the crests. 

Osborn, 1924: We observe in the type: 

(1) That one or two of the anterior crests are 

broken off; (2) that unlike Serridentinus ser- 

ridens there is cement in the bottom of the 

D. prascursor Cope 
Amer. Mus. 14282 

Cast of Type 

(inner view) 

ORIGINAL TYPE FIGURE OF SERBELODON(?) PRASCURSOR 

Fig. 397. Original type figure of Dibelodon precursor Cope, 
1893, one-half natural size. After Cope, 1893.1, Pls. xvi, X©x. 

From Mt. Blanco, Texas. Texas Geol. Surv. Coll., Austin, 
Texas. Cast Amer. Mus. 14282. A third superior molar of the 
right side, r.M°. 

third right superior molar, r.M3, 

of Dibelodon precursor Cope, in 
the Geological Survey Collection, 
Austin, Texas. After cast of type 

(Amer. Mus. 14282). From 

Mt. Blanco, Texas. One-fourth 
natural size. 

Fig. 399. The three referred teeth from the Blanco 
of Texas (Cope, 1893.1, Pl. xvn, figs. 2, 2a, and 3) were 

designated as, or referred by Cope to, his Dibelodon 
tropicus of Mexico, but are probably referable to his 

species Dibelodon [| =Serbelodon(?)| precursor. 

In the Blanco formation Cope discovered his type of Dibelodon 

precursor, a third superior molar of the right side, r.M°, as shown 

in the original and new type figures (Figs. 397 and 398). This 
tooth is doubtfully referable to the genus Serbelodon; its four 
and a half crested triangular form is readily distinguished from 

the five and a third crested oblong form of the type of Cordillerion 

tropicus (Fig. 513 of the present Memoir). 

D. [Dibelodon] przcursor Cope, 1892, 1893. ‘The Fauna of the 

'See footnote on page 430. 

valleys; (3) that there are prominent single trefoils on the outer 

side of the crowns, whereas in the type of Stegomastodon successor 

from the Blanco formation there are double trefoils; (4) other 

simple teeth, perhaps referable to the species Serridentinus 

precursor,' are found in the Cummins Collection of the Geological 

Survey of Texas; three of these are shown in Pl. xv, figs. 2, 2a, 

3, of Cope’s Report (1893.1), as reproduced in figure 399 of the 

present Memoir. 
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Combining the evidence afforded by Cope’s type of Dibelodon 

|Serbelodon (?)] precursor with that afforded by these referred 

teeth, we have some evidence of the presence in the Upper Pliocene 

of Texas of an apparently aberrant branch of the family Serri- 

dentide. 

S. GUATEMALENSIS 

A.M. 15540 Type 

7mner view 

he nat. SUzZE 

Fig. 400. Type third left superior molar, 1.M*, of Serridentinus 
guatemalensis Osborn, 1926 (Amer. Mus. 15540), one-half natural size. 

After Osborn, 1926.706, p. 12, fig. 10. Same molar as figure 401. 

Internal aspect, showing posterior half of protoloph, the tritoloph, 

the tetartoloph, and the half-formed pentaloph. Observe the high, 

compressed internal cones and single trefoil conelets. 

Serridentinus guatemalensis Osborn, 1926 

Figures 400 and 401 

Upper Pliocene, Chinautla, Guatemala, Central America. 

The single type grinding tooth (Figs. 400, 401), consisting of 

the posterior portion of a third left superior molar, 1.M*, was a part 

of the Emil Mosonyi Collection purchased from Mr. Mosonyi in 

1910, and represents the southernmost known distribution of 

Serridentinus. The type (Amer. Mus. 15540) is provisionally 

regarded as of Upper Pliocene age. While it resembles more 

nearly the Upper Pliocene Ocalientinus (Ser.) obliquidens of the 

Carolinas, it belongs rather in the high-crested series, the superior 

lophs being much taller than in the O. (S.) obliquidens paratype 

(Fig. 382, B1, B2). The number of ridge-crests is uncertain, but 

there are probably four plus as in O. (S.) obliquidens, the bilobed 

pentaloph being much taller than in O. (S.) floridanus. 

Serridentinus guatemalensis Osborn, 1926. “Additional New 

Genera and Species of the Mastodontoid Proboscidea.”’ Amer. 

Mus. Novitates, No. 238, November 30, 1926, p. 12. Tyrn.— 

Posterior portion of a third left superior molar, 1.M? (Amer. Mus. 
15540). Horizon anp Locauiry.—Upper Pliocene, Chin- 

autla, Guatemala. Type Figure.—Osborn, op. cit., 1926.706, 
p. 12, fig. 10. 

Type Cuaracters.—(1) Internal and external cones elevated, 
compressed, columnar. (2) Single trefoil conelets, anterior and 
posterior, on metaloph and tritoloph, no broad trefoil spurs as in 
Ocalientinus (Ser.) floridanus or Ser. productus. (3) Double cones on 
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summits of meta-, trito-, and tetartolophs. (4) Pentaloph con- 

sisting of two low cones (elev. 45 mm.), compressed at summit. 

(5) Crown narrowing posteriorly but less rapidly than in S. serri- 
dens cimarronis or in Serbelodon (?) precursor. 

Fig. 401. New type figure of Serridentinus guatemalensis 
Osborn, 1926 (Amer. Mus. 15540), left third superior molar, 

1.M$, one-half natural size. Same molar as figure 400. 

External view (upper), showing the less elevated external 

cones. 
Crown view (lower), showing the compressed double cone- 

lets on the summits of each cone; also the single trefoil conelets 

on the sides of the internal cones. 

Comparative Mrasurre- SS. guate- Ocal. (Ser.) Ocal. (Ser. 

MENTS IN MILLIMETERS malensis  obliquidens _floridanus 

Type Ref. Metatype 

Actual or estimated length 

of crown of M3 170e 170e 210 

Width of crown below tri- 

toloph 83 84 107 
Max. height of tritoloph, 

internal 77 67 82 

The lophs are relatively taller in Serridentinus guatemalensis 

and in Ocalientinus (Ser.) obliquidens than in O. (S.) floridanus; 

the tritoloph region is much narrower, because of the absence of the 

prominent internal cingulum. 



8. RECENTLY DESCRIBED GENERA (OCALIENTINUS, SERBELODON) AND SPECIES IN 

THE FRICK COLLECTION 

This section is continued from pages 414-421, figures 374-385, in which the species Ocalientinus (Ser.) republicanus of K 
O. (S.) Aoridanus, oO. (S.) floridanus leidii, and O. (S.) bifoliatus of Florida, also O. (S.) obliquidens of South Sasaltent rae pee sy 
In the present section O. (S.) foridanus is compared with O. ojocaliensis of New Mexico and O. (S.) republicanus of Kansas. 

Genus: OCALIENTINUS Frick, 1933 

Genotypic species: Ocalientinus ojocaliensis Frick, 1933, from Santa Fé marls of New Mexico, Uppermost Miocene or Basal Pliocene. 
Species referred by Osborn: Serridentinus floridanus Leidy, S. floridanus leidii Frick, S. bifoliatus Osborn, Lower Pliocene of Florida, 

S. republicanus Osborn, Lower Pliocene, Republican River of Kansas, S. obliquidens Osborn, Upper Pliocene of South Carolina, 
Gomphotherium(?) emmonsi Hay, Pliocene of North Carolina, and S. florescens Osborn, Pliocene of Mongolia. 

Original reference: Bull. Amer. Mus. Nat. Hist., 1933, Vol. LIX, Art. IX, pp. 509, 576, and 579. 

In the years 1924-1932, in the Santa Fé marls of New Mexico and the Ainsworth beds of Nebraska, the Frick 

collectors found the type of Ocalientinus ojocaliensis (F:A.M. 21294) and numerous other specimens on which 

Frick clearly established the new genus and species Ocalientinus ojocaliensis, named after the type locality, Ojo 

Caliente, New Mexico, characterizing (1933, pp. 576, 579) this genus as follows: 

“B. SympHysis Lona—‘Lonarrosrrines’ Proper [Symphysis approximating 90-110% of the 
post symphysis—pouch length.] The great majority of the New Mexican remains seem referable to this 
more elongate-jawed subsection. The series includes several fine crania and mandibles. . . . Cranium 
Tall—Exampled by Species 4. Ocalientinus ojocaliensis, n.g. and sp. Typrre.—Tall narrow skull 
and elongate jaws with peg-like incisors, F:A.M. 21294 (Figs. 7 and 18).”’ 

Frick observed (op. cit., p. 578) resemblances to Serridentinus. He kindly placed the rich Ocalientinus material 

in Osborn’s hands for intensive measurement and comparison, resulting in the present full confirmation of Ocali- 

entinus as a distinct genus and the establishment of its direct ancestral relationship to ‘Serridentinus’ republi- 

canus of Kansas and to ‘S.’ floridanus of Florida, as clearly shown in the following descriptions and especially 

in the comparative figure (Fig. 403) of the third lower grinding teeth. To the generic characters assigned by Frick, 

the following may now be added: (1) Serridentines of large size belonging to group (A), with roundly blunted 

cones and conelets, not forming sharpened or elevated crests. (2) Inferior ridge-crests progressive from the tetar- 

tolophid to the pentalophid stage. (3) Prominent serrated ectotrefoils in inferior molars, corresponding with 

prominent serrated entotrefoils in superior molars (Fig. 404). (4) Both ecto- and entotrefoils progressively absorb- 

ing the adjacent conelets. (5) Superior and inferior ridge-crests sloping forward, slowly increasing in height. 

GENERIC CHARACTERS (OsBoRN).—(1) Mandible elongate (female 900 mm., male max. 1300 mm.), 
rostrum extremely narrow with deep superior longitudinal channel. (2) Superior tusks as in Serri- 

dentinus, with latero-inferior enamel band. (8) Inferior tusks without enamel, upcurved, relatively 

short, of the ‘prod-tusker’ or ‘scaptobelodont’ type. (4) Type ridge formula: M 3 ij; type superior 

molars (F:A.M. 21294) relatively broad, M* 177 mm. X 85 mm., index 48; M, (F:A.M. 21132) 

198 mm. X 87 mm., index 44; M°, index, breadth-length range, 43-52, average 48; lower molars, Mg, 

index, breadth-length range, 39-53, average 44; relative breadth of molars correlated with foreshortening 

of the cranium and heightening of the occiput. (5) Trefoil spurs dominant, florescent. 

Under these generic distinctions, three specific stages may now be distinguished as follows: 

Mio-Pliocene Lower Pliocene Lower Pliocene | 

Ocalientinus ojocaliensis Ocalientinus republicanus Ocalientinus floridanus 

Height of Height of Height of 

ap. tr. I.  tritoloph | ap. tr. I. tritoloph ap. tr. I. _ tritoloph 

Average M’ 175 86 49 67 210 «1075 82 
Average M; 190 84 44 67 | - 212 75 35 77 226 85 38 77 

M; with four ridge-crests, purely | Ms with four ridge-crests, rudi- M; well developed with penta- 

tetralophoid, rudimentary penta- mentary cones representing lophid added to four anterior 

lophid. pentalophid. ridge-crests. 
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A-A2, OCALIENTINUS OJOCALIENSIS Frick, 1933, Tree. 

Fig. 402. Lona-saAwep SERRIDENTINE. OCALIENTINUS OJOCALIENSIS Frick, 1933. Typrz aND REFERRED SPECIMENS 
Original figures after Frick, 1933, Figs. 7, 12, 18, 19, 25A, 26 

A, Type cranium and mandible (F:A.M. 21294), reversed. About one-seventh natural size. 
Al, Crown view of type mandible (F:A.M. 21294). About one-seventh natural size. 
A2, Transections of type inferior incisors (a—a). Two-fifths natural size. 
3, Palatal view of referred cranium (F:A.M. 21 125). One-eighth natural size. 
Bl, Crown view of referred r.M® (F:A.M. 21125). About two-fifths natural size. 
C, Crown view of referred mandible (F:A.M. 21284). About one-seventh natural size. 
D, Crown view of referred r.Mg (F:A.M. 25705), ap. 208mm. About two-fifths natural size. E, External view of referred ].M3 (F:A.M. 21118). About two-fifths natural size. 
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CoRRELATION wiTH Inp1A.—Of the above three species, Ocalientinus ojocaliensis is in an evolutionary stage 

closely similar to that of Serridentinus hasnotensis (Fig. 415) of the Dhok Pathan of India, a fresh proof of corre- 

lation in geologic age of the Santa Fé marls of New Mexico with the lower levels of the Dhok Pathan of India 

(see Fig. 225, p. 279). 

Ocalientinus ojocaliensis Frick, 1933 

Figures 174-176, 276, 278, 279, 281, 402-405 

Type from Ojo Caliente, New Mexico. Santa Fé marls (upper), Mio- 
Pliocene. 

Ocalientinus ojocaliensis Frick, 1933. ‘New Remains of Tri- 

lophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. 

Hist., Vol. LIX, Art. LX, pp. 509, 576, 579. Typp.—Skull and 
jaws with M?*, M>-s, and tusks, also atlas, scapula, partial manus, 

pes, and series of vertebrae (F':A.M. 21294). Horizon AND 
Locauiry.—From Ojo Caliente, New Mexico. Santa Fé marls 

(upper), Mio-Pliocene. Tyrer Ficurn.—Ffrick, op. cit., figs. 7 
and 18. 

Marteriats.—The type (F:A.M. 21294) of this species is a su- 

perb skull and jaws together with skeletal parts from Ojo Caliente, 
New Mexico, which is finely supported (Fig. 405) by the ‘neo- 

type” (Frick) cranium (F:A.M. 21125) from southwest of Poju- 
aque Bluffs, New Mexico; also by the cranium (F:A.M. 21134) 

from Ojo Caliente, by the juvenile cranium (F':A.M. 21284), and by 
the mandibles (F:A.M. 21277, 21294 type, 21284, 21124, 21276). 
Superior and inferior tusks are finely preserved in F:A.M. 21294, 
21284, and 21277, in addition to third superior and inferior grinding 
teeth in F:A.M. 21118, 21137 (Fig. 404), 21125, 21287, and 25711. 
In all, Frick field parties between 1924 and 1932 collected in the 
Santa Fé marls of New Mexico sixteen superior specimens largely 
on the upper levels, and several specimens in a similar stage of evo- 
lution in the Ainsworth region, Nebraska, which enabled Frick 
(1933, pp. 576, 579) to give a full characterization of this genus and 
species, also figures of the type and outstanding specimens which 

are partly reproduced in figures 402 to 405 of the present Memoir. 

Other catalogue numbers of referred specimens are as follows: 
F:A.M. 21128, 21136, 21281, 21294A, 21294B, 25720. 

Hisrory.—The superb cranium (F:A.M. 21125) [first made a 

paratype (Frick, 1926, p. 161) of Trilophodon (Serridentinus) 
pojoaquensis] was subsequently (1933, p. 579) transferred to the 

new genus and species Ocalientinus ojocaliensis (op. cit., 1933, p. 

579) as follows: 

F:A.M. 21294 Type.—Skull and jaws with m#-m# and tusks; 

atlas, scapula, partial manus, pes, and series of 

vertebre. M;=((191)) mm. Type, Figs. ? and 

18. (Fig. 402 of present Memoir.] 

F:A.M. 21125 Rererrep.—Fine skull with m’m* and _ tusk. 

{ M?=172 mm. (This specimen in 1926, cor- 

rectly characterized as to tall narrow cranium, 

etc, and as to probable elongation of 

symphysis.) Figured 1926, Figs. 1A and 27. 

Figured this paper, Figs. 8, 12, 23A and 26. 

(Figs. 402 B, B1, 405 of present Memoir.] 

The above type and referred specimens, many admirably fig- 

ured, enable us to fully determine the characters of this important 

form as a new Serridentine with smaller female mandibles of 

900 mm, (F:A.M. 21124, 25705), ranging into 1000, 1100, 1200, 

and into the large male mandible of the type, 1300 mm. or 4 ft. 

3 in., as compared in length with a large male mandible of Serri- 

dentinus productus (850 mm. or 2 ft. 9 in.); highly distinctive also is 

Nat Mus 3083 

/ 1 

,/ OCALIENTINUS (SER) FLORIDANUS LEIDY 
as Gr \ TYPE) 

| i 1 
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OCALIENTINUS (SER) REPUBLICANUS OSB. 

| / ’ TYPE 

FAmerMus 21137 
2! 

! 
~! 
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OCALIENTINUS (SER) OJOCALIENSIS FRICK 

Fig. 403. Procresstve Evovvtion or Tae PentTaLoruip IN OCALIENTINUS 

Lert Tarep Inrertor Mowars, L.Ms 

All figures one-half natural size. Compare figure 404 

Ocalientinus (Ser). floridanus Leidy, type (Nat. Mus. 3083), Lower 
Pliocene Alachua clays of Florida, with prominent pentalophid or fifth ridge- 

crest (5). 

Ocalientinus (Ser.) republicanus Osborn, type (Amer. Mus. 8536), Republi- 

can River of Kansas, Lower Pliocene, with half-developed pentalophid or 

fifth ridge-crest (5). 

Ocalientinus ojocaliensis Frick, ref. (F:A.M. 21137), west of Pojuaque 

Bluffs, New Mexico, Mio-Pliocene, with incipient pentalophid or fifth ridge- 

crest. 
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the long, deeply grooved superior channel of the symphysis. The 

tall narrow cranium, with constricted temporal fosse and elevated 

occiput, contrasts with the relatively broad and low temporal 

fosse of Serridentinus productus and S. serridens. The relationship 

to Serridentinus, however, is clearly demonstrated by the broadly 

serrated ectoconelet crests in the lower molars and entoconelet 

crests in the upper molars (Fig. 404). Clear distinction from both 

S. productus and S. serridens is seen in the reduction of the contigu- 

ous conelets above and below, a reduction which is carried a step 

further in the type of Ocalientinus (Ser.) floridanus (Figs. 379 and 

403). 

SEPARATION FROM ‘TRILOPHODON POJOAQUENSIS.—Frick 

through his exploration (1924-1932) on the lower and higher levels 

of the Santa Fé marls, New Mexico, and at Ainsworth, Nebraska, 

discovered at least thirty-seven specimens of Serridentine, 

namely, Ocalientinus ojocaliensis 24, S. productus 8, Serbelodon 

barbourensis 5. Exploration during the same period (1924-1932) 

yielded only eleven specimens of Trilophodon, namely, Tri- 

lophodon pojoaquensis 4, T. cruziensis 3, T. phippsi 1, T. osborni 3. 

Thus Serridentinus in the Santa Fé marls appears to be three 

times as frequent as Trilophodon, indicating that the Trilophodon 

range was northward of the Serridentinus range. 

In the seven years which have elapsed since Frick described 

Trilophodon (Serridentinus) pojoaquensis (1926, p. 161, and 1933), 

we have learned to distinguish instantly and sharply between 

Trilophodon molars (Fig. 276A) with large central conules, trefoils, 

and conelets (F:A.M. 21115, type of T. pojoaquensis) and Serri- 

dentine (Ocalientinus ojocaliensis) molars (Fig. 276B, B1) with 

central conules, reduced central conelets, and large serrated 

entoconelets in the superior molars. 

As one result of this very natural but regrettable confusion, 

the superb cranium (F:A.M. 21125, Fig. 405), originally referred to 
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Trilophodon pojoaquensis (Frick, 1926), is now recognized (Frick, 

1933) as a Serridentine clearly belonging to Ocalientinus ojocaliensis. 

It is fully described and illustrated below (pp. 437-439) as one 
of the most beautiful and important specimens of Ocalientinus 

ojocaliensis. 

It appears certain, therefore, that Ocalientinus ojocaliensis 

represents a hitherto unrecognized generic phylum of Serridentinez, 

specifically ancestral to O. (S.) floridanus (Fig. 379) and to O. (S.) 

republicanus (Fig. 375), both of Lower Pliocene age, whereas Ocali- 

entinus ojocaliensis is of Upper Miocene to Lower Pliocene age. 

Speciric CHARACTERS OF QO. OJOCALIENSIS.—(1) Clearly 

distinct both from Serridentinus productus and S. serridens by 

larger size, by height of the temporal fossee and foreshortening of 

the cranium, by elongation of the ramus, by narrowed troughlike 

symphysis, by upeurved incisors. (2) Molars clearly distinguished 

from those of S. productus and S. serridens by larger size, by greater 

hypsodonty or elevation of the cones, by greater extension of the 

entotrefoil spurs on the superior molars and ectotrefoil spurs on 

the inferior molars. (3) Same trefoil spurs (Fig. 404) less promi- 

nent and elaborate than in the more progressive O. (S.) floridanus 

(Fig. 379) or in the somewhat less progressive O. (S.) republicanus 

(Fig. 375). (4) Superior and inferior molars relatively broader than 

in O. (S.) floridanus (index 51 superior, 38 inferior, cf. p. 411). 

(5) Molar crowns approaching those of O. (S.) republicanus (e.g., 

type A.M. 8536), M; length 212 mm., breadth 75 mm., index 35 

(ef. Figs. 374, 375). (6) In M; median conelets of ectoloph present, 

also present in O. (S.) republicanus (Fig. 374A). 

The comparative measurements and indices of the superior 

and inferior molars of the above three species are as below, 

arranged in what are known (1933) to be their ascending phylo- 

genetic order: 

Superior Mouars, M? Inrerror Monars, Mz 

Length | Breadth | Index | Height of | Length | Breadth| Index Hees of 
re. ee tritoloph tritoloph 

Ocalientinus (Serridentinus) floridanus = 1 
Type (Nat. Mus. 3083, cast Amer. Mus. 17725) 226 85 38 77 
Metatype (Nat. Mus., cast Amer. Mus. 17726) 210 107 51 82 

Ocalientinus (Serridentinus) republicanus if = 
Type (Amer. Mus. 8536) 212 75 35 77 

Ocalientinus ojocaliensis Hy 
Type (F:A.M. 21294), male 177 85 48 40 191 
Ref. (F:A.M. 25720) 183 91 50 rat ee te ve 
Ref. (F:A.M. 21123) 190 91 48 40+ 
Ref. (F:A.M. 21137), female 177 80 45 69 

Average of nine male and female specimens 7 175 86 49 67 G 

| Average of twelve male and female specimens ) 190 84 h ao) 67 

| Index calculated from average breadth and length | 4 49 we 42 : g 
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Cautionary Notre.—While it would appear from the above 

that these species are in ascending phylogenetic order, it is im- 

portant to note as to measurements that: (1) The large single 

type specimens only of Ocalientinus (Serridentinus) floridanus and of 

O. (S.) republicanus are measured, whereas from nine to twelve type 

and referred specimens of Ocalientinus ojocaliensis are measured; (2) 
the average length and breadth and height of 0. ojocaliensis rise in 

a decided manner into greater measurements in O. republicanus and 
still greater in O. floridanus; (3) the indices of the third superior 

molars of O. ojocaliensis indicate that O. floridanus increases in 
breadth, namely, from 48-49, to 51, while the third inferior molars 

decrease in breadth, namely, from 45 to 38; (4) the evolution of the 

trefoil crests is slowly progressive in both the superior and inferior 

molars from O. ojocaliensis, through O. republicanus, into O. flori- 

danus, as shown in the relative figures; (5) the adjacent conelets 

degenerate as the ecto- and entotrefoil crests evolve, thus there are 
four mesoconelets in O. ojocaliensis, two in O. republicanus, and one 
in O. floridanus; the strong evolution of the ecto- and entotrefoils 

tend to absorb the adjacent conelets—a familiar process of ‘rob- 
bing Peter to pay Paul”’; (6) in O. ojocaliensis M; is purely tetra- 
lophoid, in O. republicanus arises a very rudimentary pentalophid, 
in O. floridanus M; exhibits a strong pentalophid. 

OcALIENTINUS OJOCALIENSIS Frick, 1933!.—“The right side of the 
unusually well preserved skull (Amer. Mus. 21125 [Fig. 405], . . .) 

reveals the remarkable height of the posterior cranial area, foreshort- 

ening of the cranium proper, and prolongation of the premaxillary- 

anterior-maxillary area in this form. Double alveoli evince the 

recent presence of m'; m?is considerably worn; the first crest of m* 

slightly worn. The short nasals, the short true palate, the auditory 
conduit formed of the post-glenoid and post-tympanic processes of 

the squamosal and adjoining ex-occipital plate, the short and deeply 
concave glenoid surface, the short alisphenoid canal, the promi- 

nent postorbital region of the frontal and the various foramina 
(optical, double infra-orbital, lacerum-medium and posterium and 
condylar, the canal of internal carotid artery, and the stylomastoid 

foramen) are all of general characteristic proboscidean type. The 
left side of the specimen is disintegrated and the following areas are 

either broken or missing: a portion of the median parietal-frontal 

area; the outer half of the left tusk (the enamel band being in- 

distinguishable) and the right tusk; the postero-extremity of the 
premaxilla forming the elevated anterior border of the olfactory 

fossa; a portion of the malar including that which usually projects 
below the glenoid fossa; the presumably elongate bulla and the 
prominent pterygoid wings of the alisphenoid. The specimen is 

further described in the discussion below.” See page 439 of the 

present Memoir. 
OCALIENTINUS OJOCALIENSIS Manpisie*.—‘‘The left ramus 

contains the roots of ps, m1, M2 erupting, the right ramus m, and me 

erupting, and (within the same matrix and) in definite association 

the p'-m? of the right side (Amer. Mus. 21124, Fig. 13 [Fig. 175]). 
The symphysis is somewhat crushed; it is more elongate than in 7. 

(S.) productus (see below); the broken extremity discloses the bases 

of similar tusks. The unerupted mz [ms] lies in the alveolar pouch 
below and just anterior to the mandibular condyle, the tooth axis 
directed postero-externally and antero-inwardly (through the 

angulation of the base of the vertical ramus and the alveolar border), 

the tooth tilted inwardly and forming a wide outwardly opening 
angle with m! (see Fig. 13 [Fig. 175], page 133).”’ 
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OCALIENTINUS (SER) OJOCALIENSIS REF. 

Fig. 404. Tarrp Surerion aNp INrertion Mouars or OCALIENTINUS 

OJOCALIENSIS Frick 

All figures one-half natural size. Drawings by H. De Berard 

Compare figure 403 

Observe the following: (1) Four ridge-crested or tetralophoid crowns of 

1.M3, 1.Ms as characteristic of this species; (2) prominent serrated trefoil 

spurs from entoconelets in 1.M®, from ectoconelets in 1.Ms, a Serridentingw sub- 

family character linking this species with ‘Serridentinus’ floridanus and ‘S.' 

republicanus, a8 shown in figure 403. 

‘This description applies to the Ocalientinus ojocaliensis cranium and jaw shown in figure 405 (see Frick, 1926.1, p. 162). 

“Immature mandible, doubtfully referred by Frick (1926.1, p. 165) to Trilophodon (Serridentinus) pojoaquensis, by Osborn to Ocalientinus ojocaliensis. 



A.M. No. 21/25 FLGl27. 

CRANIUM OF OCALIENTINUS OJOCALIENSIS IN THREE ASPECTS (F:A.M. 21125) anp MANDIBLE 

or Anotuer InprvipvaL (F:A.M. 21123) 

Fig. 405. Skull (F:A.M. 21125) and jaws (F:A.M. 21123) originally figured and described by Frick (1926, figs. 

1 A-B and 27, p. 161) as paratypes of T'rilophodon pojoaquensis. From the Santa Fé marls, New Mexico. 

(Upper) Figs. 1 A-B. “Lateral view teeth and cranium X V4 (premaxillary areas somewhat distorted). (A) 

Skull, Amer. Mus. 21125 (see Fig. 27). (B) Mandible [Amer. Mus. 21123] of slightly larger individual containing 

my-my, and bases of tusks. Symphysis somewhat crushed inferior to mental foramen. . . . (See Figs. 7B and 13 

in part [=Figs. 174 and 175 of the present Memoir]).” 

(Lower) Fig 27. Skull (Amer. Mus. 21125), dorsal and inferior views, one-tenth natural size. (See Fig. 1A.) 
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REFERRED OCALIENTINUS OJOCALIENSIS SKULLS, JAWS, AND TEETH 

[ORIGINALLY REFERRED BY Frick, 1926, ro TrImLopHopoN (Sxrr.) 

POJOAQUENSIS| 

(1) Amer. Mus. 21122A (not figured). 

face of crown missing. 

(2) Amer. Mus. 21125, Figs. 1A and 27 (=Fig. 405 of the 

present Memoir). Well-preserved skull containing M*, M® 

(slightly worn) of both sides, and tusk of left side of jaw. Po- 

juaque area. 

(3) Amer. Mus. 21123, Figs. 1B, 7B and (in part) 13 

(=Figs. 174, 175, and 405 of the present Memoir). Mandible 

containing Ms, M; greatly worn, anterior end of symphysis missing. 

(4) Amer. Mus. 21118B. Partial ramus of right mandible 

containing Ms and M; (broken). Not figured. 

(5) Amer. Mus. 21118, Fig. 22B (= Fig. 402K, 404 of the pres- 

ent Memoir). Palate with M? (broken) and M* (unworn) of both 

sides of jaw. 

(6) Amer. Mus. 21118A (not figured). M; (unworn) in frag- 

ment. 

(7) Amer. Mus. 21126 (not figured). 

M; of great size, sur- 

Right femur 810 mm. 

IMMATURE MATERIAL OF OCALIENTINUS OJOCALIENSIS 

(8) Amer. Mus. 21124, Fig. 13 (in part) (=Fig. 175 of the 

present Memoir). Mandible containing P, (roots), M; and Ma, 

(erupting) of left side and My, M2 (erupting) of right side, anterior 

end of symphysis broken, and associated P'-M? of right side. 

(9) Amer. Mus. 21124D, Fig. 19C (=Fig. 176 of the present 
Memoir). P* (broken). 

(10) Amer. Mus. 21124C, Fig. 19B (=Fig. 176 of the present 

Memoir). P*(?) fragment. 

(11) Amer. Mus. 21124E. Dp‘ right (moderately worn). 

SkuLL anp Jaws, Ficurn 405, anp OTHER SPECIMENS, WITH 

CERTAIN TEXT OMISSIONS AND FiguRE REFERENCES 

OCALIENTINUS OJOCALIENSIS'.—(See Frick, 1926.1, pp. 162- 

164): “The right side of the paratype skull (Amer. Mus. 21125, 
1A and 27 [Fig. 405]) is beautifully preserved, and displays very 

completely the characters of the particular specimen, a mature 
individual with m!' considerably worn and m? coming into wear. 
The two molars are apparently nearly proportionate in size to 
those of a large mandible [Amer. Mus. 21123] representing a some- 

what older individual (Fig. [405] 1B). The diameters of the m* 
and tusk of the paratype are some 15 per cent less than in the type 
specimen. . . . In the paratype skull the distance between the infra- 
orbital foramen and the anterior edge of the premaxilla is approxi- 

mately the same as that between the infra-orbital foramen and the 

external auditory meatus.” 

“The specimen is particularly remarkable in the height of the 

posterior cranial area, an area but seldom found in an uncrushed 

condition, and in the foreshortening of the cranium proper. The 

contrast, thus, of the great elevation (through dorsoventral ex- 

pansion) and anteroposterior contraction (through anteroposterior 

‘telescoping’ of the bones) of the cranium proper, with the marked 

prolongation of the premaxillary-anterior-maxillary area, is very 

striking. . . . A section cut out of the temporal border witnesses a 

'See footnote 1 on page 437. 

parallel separation of the cancellous tissue and development of air- 
cells typical of the adult cranium of the elephant. The foreshorten- 

ing of the cranium proper is very noticeable in the zygoma and basi- 

cranial area. This foreshortening is also seen in consideration of the 

position of the anterior border of the orbit, suborbital foramen, 

anterior narial opening, and anterior edge of the alveolar border, 

which, placed much as usual relative to one another, have the 

appearance of all having been shoved far backward. The constric- 

tion of the lofty roof of the cranium through the development of 

great fossorial areas for attachment of the necessarily powerful 

muscles of the neck and of the elongated jaw and trunk is carried 
to an extreme unnoticed heretofore. With the development of the 

first series of muscles, those of the neck, is correlated the prominent 

dorsoventrally flattened and transversely concave bed-plate of the 
exoccipital-supra-occipital region; with that of the masseteric 

muscles, the deep transverse constriction of the disproportionately 

foreshortened and dorsoventrally elongated mid-cranial region; 
and with the probably powerful trunk, the wide gutter of the antero- 
posteriorly elongate narial-premaxillary trough which extends 
diagonally forward and downward from below the strong supra- 

orbital arches and anterior border of the large olfactory fossa and 

directly forward of the powerful maxillary-dentary battery.” 

Lower Jaws.—{1] “The last molars of the large mandible (Amer. 
Mus. 21123 Figs. 1B [Fig. 405] and 13 [Fig. 175], in part) are so 

closely proportionate to the last molars of the paratype skull (Amer. 

Mus. 21125, Figs. 1A and 27 [Fig. 405]) that it is believed that the 

two specimens represent individuals of approximately the same size, 

the worn teeth of the mandible, however, showing that the latter 

was considerably the more aged. [2] A [referred] immature mandible 

(Amer. Mus. 21124, Fig. 13 [Fig. 175], in part) indicates an indi- 

vidual that at maturity would apparently measure greater than the 

above specimen (Amer. Mus. 21123). . . . [3] It remains in doubt 

(as observed above) whether the palate (Amer. Mus. 21118), an ms 

(Amer. Mus. 21118A), and perhaps this immature mandible 

(Amer. Mus. 21124) may be correctly referred to the new species. 

The molars of these specimens, particularly as seen in the unworn 

{right and left] m*s of the palate, differ from the type and 

paratype specimens in the greater length relative to the width 

and resultingly less crowded condition of the main tubercles. 

CoMPARATIVE MEASUREMENTS 

SkuLL, MANDIBLE, DENTITION Ocalientinus Trilophodon 

Compare Frick, 1926, pp. 156, 157 —_ ajocaliensis osborni 

Sxuuu (F:A.M. 21125): 

Condyle to incisive border 920 915-965 

Height of cranium at occipital plate 580 508e 

Breadth of cranium at occipital plate (640) 710e 

Jaw (F:A.M. 21123): 

Condyle to incisive border 1050 1346 

(to break) 

Length, third inferior molar, Ms 189 190[196]} 

Length, second inferior molar, My [126] 

Femur.—“A large femur tentatively referred to this species 

measures 810 mm., versus 700 mm. of the femur of the mounted 

Texan skeleton of T. (S.) cimarronis, 1080 mm. of the longer- 

limbed Warren mastodon, and 1230 mm. of the Indiana skeleton 

of E. columbi (Parelephas jeffersonii).”’ 
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SUPPLEMENTARY OBSERVATIONS BY 

SERRIDENTINUS SERRIDENS COPE IN 
THE FRICK COLLECTION (1929) 

Supplementing the full description above of Serridentinus 

serridens is the immature skull and mandible (F':A.M. 23340) col- 

lected in the year 1929, probably from the Clarendon horizon level 

of northern Texas. Compared with the type (cast Amer. Mus. 

14297) and referred specimen (Amer. Mus. 10673), the second 

molar measurements are as follows: 
M? M2 

Serridentinus serridens yon iy I eyo, ne, Tle 

Cope’s type (cast A. M. 14297) 130 80 61 

Referred: Amer. Mus. 10673 137e 90 66e 139 69 50 

SERRIDENTINUS PRODUCTUS COPE IN THE 

FRICK COLLECTON (1924-1931) 

It is important to add, supplementing the full description of 

Cope’s type of Serridentinus productus (Nat. Mus. 2346, cast 

Amer. Mus. 14383) and Frick’s neotype (F:A.M. 21111) from 
the Santa Fé marls, seven other specimens from the marls, one 

specimen from the Clarendon of Texas, and one from the Pawnee 

Creek, Colorado, area. The principal measurements and indices 

are as below. 

Manpisie.—The length of the mandible of Serridentinus 

productus rises from 600 mm. (F:A.M. 21119) to 850 mm. (F:A.M. 

21283), to 910 mm. in the large Frick neotype (F:A.M. 21111); 

thus the largest S. productus mandible (910 mm.) is the same size as 

the smallest Ocalientinus ojocaliensis mandible (900 mm.), probably 

female (F:A.M. 21124); in turn, the largest S. productus mandible 

(910 mm.) is inferior in size to the largest (980 mm.) Serbelodon 

barbourensis type mandible (F:A.M. 25730). 

SERRIDENTINUS FLORIDANUS! AND S. BREWSTERENSIS 

Supplementary observations by George Gaylord Simpson in 

his “Tertiary Land Mammals of Florida,” 1930, pp. 198-203, 

yield three principal results: (1) The rarity or absence in the 

Pliocene fauna of Florida of mastodonts referable to Trilophodon, 

Rhynchotherium, or Stegomastodon; (2) the presence of Pliomasto- 

don and of two distinct specific stages of Serridentinus in the Bone 

Valley and Alachua formations, namely, (a )Serridentinus floridanus' 
a successor in evolution to the S. republicanus' of the Lower Pliocene 

PROBOSCIDEA 

FRICK (1933) AND BY SIMPSON (1930) 

of Kansas, (b) S. brewsterensis comparable to (?)S. precursor? of the 

Blanco or S. anguirivalis of the Snake Creek of Nebraska. Also 

(e) Trilophodon simplicidens, a small and simple stage found in the 

Bone Valley without known parallel thus far discovered in America 

or Europe. S. floridanus ref. rare in the Bone Valley and clearly 
distinguishable from the prevailing Bone Valley species S. brew- 

sterensis. 

Serridentinus floridanus! Leidy, 1886 

Abundant in the Alachua clays 

Third inferior molars, Ms, relatively large and narrow, length 

215-225 mm., breadth about 85 mm.; pentalophid relatively 

constant and well developed, narrow and usually without central 

conules; hexalophid rudimentary, variable, consisting usually of 

one small cone—rudimentary in the type, relatively strong in some 

referred specimens; ridge-crest conelets generally double, trefoil- 

crest conelets single or double; ridge-crests backwardly inclined 

from the vertical. Measurements of M; 19095 mm., index 50, 

to 205105 mm., index 51; difference in width between proto- 

and tetartolophids relatively slight, pentalophid variably developed, 

with from two to five conelets. Altogether a rather progressive 

species, certainly not more progressive than S. republicanus of the 

Lower Pliocene of Kansas; the latter similar to S. floridanus in 

size but rudimentary pentalophid in M; more complex and trefoil 

conelets more numerous. 

Serridentinus brewsterensis Osborn, 1926 

Prevailing in the Bone Valley formation 

Distinguished from Serridentinus floridanus' by its slightly 

smaller size, M? measuring 17987 mm., index 49, by the absence 

of a pentaloph, and by relatively small and narrow tetartoloph. 

In several third lower molars, M;, from the Brewster type locality, 

hexalophid absent, pentalophid small and consisting of four closely 

appressed conelets rather than of two subequal and more widely 

spaced cones as in S. floridanus. This species, S. brewsterensis, 

appears to be close to several western species, such as S. precursor? 

Cope, 1892, 1893, of Mt. Blanco, or S. anguzrivalis of the Snake 

Creek of western Nebraska, distinguished by higher and sharper 

crests. 

Serridentinus productus Lengthof M3 M3; 
Mandible} ap. tr. Te ap. tr. if. 

1875 | Nat. Mus. 2346 (Type) Santa Fé area, N.M. | Mandible 164 | 76 46 
1924 F:A.M. 21111 (Neo- 

type) Santa Fé area, N.M. | Mandible 910 153 | 69 45 
1899 | Amer. Mus. 10582 Clarendon beds, 

Texas Skull, jaws, large part 
of skeleton 905 142 | 85 60 163 | 76 47 

1924 | F:A.M. 21119 Santa Fé area, N.M. | Portion of rt. ramus 600a% 136e 58 43e 
1929 | F:A.M. 21293 Ojo Caliente, N.M. Half of skull and 

at ; : mandible 700a 146 61 42 146 59 40 
1928 | F:A.M. 21283 Pojuaque Bluffs, N.M.| Mandible 850(s)* 175 | 68 39 
1927 | F:A.M. 21279 | Lower Pojuaque 

Bluffs, N.M. Skull and mandible 154 | 83 54 165 | 69 42 
1928 | F:A.M. 21280 | Lower Pojuaque 

. Bluffs, N.M. Mandible fragment 187 | 82 44 1931 | F:A.M. 21128 Santa Cruz, N.M. Mandible 191 | 83 | 43 1930 F:A.M. 21297 San Ildefonso, N.M. | Palate 146 | 85 58 
1931 F:A.M, 23336 Pawnee Creek, 

Colorado R.M; 172 72 42 

Im 1 * ‘ Transferred by Osborn (1934) to the genus Ocalientinus. 
“Referred by Osborn (1935) to Se rbelodon(?) precursor. 

“In column of mandibular lengths, “‘a’”’ indicates approximate, “'s’’ to end of symphysis only. 
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Fic. 406. Restorations (1934) By MARGRET FLINSCH, UNDER THE DIRECTION OF Henry Farrrretp OsBorn 

(Right lower) Serbelodon barbourensis, and (left) S. burnhami, both one twenty-fifth natural size; (right upper) Trobelodon tavensis, one-fiftieth natural size. 

9. TWO BLUNT SERRIDENTINE SHOVEL-TUSKERS (SERBELODON AND TROBELODON) 

In the year 1932, near Ainsworth, Nebraska (Figs. 273, 274), Frick’s party discovered a new short-jawed 

‘sub-shovel-tusker’ which he named Serbelodon, in reference to the serrate character of the ectoconelets (below) 

and entoconelets (above). In 1930 he discovered in the Santa Fé marls of New Mexico another kind of ‘shovel- 

tusker,’ with smaller incisive ‘‘shovels,” a shortened cranium, and serrated molars, which he named T'rrobelodon 

taoensis, in reference to the ancient pueblo of Taos near which it was found. These two ‘sub-shovel-tuskers’ are 

clearly distinguished from Platybelodon by the total absence of the dentinal rod-cones in the lower incisive tusks; 

they thus represent two new and distinct lines of descent of short-jawed mastodonts with enlarged sub-shovel- 

shaped incisors adapted to digging and uprooting probably in forest soils. 

SERRIDENTINUS SERRIDENS 

TROBELODON Frick, 1933, p. 580 

Cranium probably short; third superior molars extremely 
short with only three ridge-crests; trefoils extending from ento- 
conelets in the three-crested superior molars (Fig. 412, B1), 
from the ectoconelets in the four-plus-crested third inferior 
molars (Fig. 412, A3). Tusks moderately heavy, biconvex, 
pointed (Fig. 412, A, Al—A4). 

Amer Mus. 10673 SN 
REF ‘ 

: 

Amer Mus. 10582 
SERRIDENTINUS PRODUCTUS REF 

SERBELODON Frick, 1933, p. 594 

Cranium probably more elongate; third superior and 
inferior molars (Fig. 408 C, Cl, A) four crested, relatively 
long and narrow with entoconelet spurs above (C1) and ecto- 
conelet spurs below (A). Tusks elongate, spatulate, con- 
cavo-convex (S. barbourensis, Fig. 408 Al, E), greatly en- 
larged, extremely heavy (S. burnhami, Fig. 409B). Observe 
progressive evolution of the shortened symphysis (S. bar- 
bourensis, Fig. 409A, S. burnhami, Fig. 409 B), the latter 
much more massive. 

SERBELODON ARBOURENSIS TYPE LUYOY Bea 

Fig. 407. Apaprive RapiaTion or Toren Tyres OF SERRIDENTINE CRANIA AND JAws, Tusks, aND GrinpinG Teets (cr. Fic. 408). 

Serridentinus serridens, with sharp-crested molars, elongated and pointed lower incisive tusks; 

Serridentinus productus, with blunt-crested molars and broa¢ 

Serbelodon barbourensis, adapted to a humid climate and softer soil, with pene 
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adapted to a dry climate and penetration of a hard soil 

jened tusks, adapted to a semi-humid climate and penetration of a less resistant soil. 

trating broadened shovel-tusks, no dentinal rod-cones; ancestral to S. burnhami. 



A, Al, SERBELODON BARBOURENSIS Frick, i933, Tyee. 

C1 FAM25735 
ZF 

ii F:A.M.25734 
SSE ZA Z 

\ FA.M.25739-B 

Fig. 408. (A, B-Cl, E) Suort-saAwep SERBELODON BARBOURENSIS, (D, D1) TROoBELODON TAOENSIS, GENOTYPE AND REFERRED, AINSWORTH, NEBRASKA 

After Frick, 1933, Figs. 12C, 13, 14, 16, 27. Compare figures 397, 398, Serbelodon(?) precursor Cope, type, and figure 411 B, B1, Trobelodon taoensis ref. 

A, Serbelodon barbourensis Frick. Genotype mandible (F:A.M. 25730). One-seventh to one-eighth natural size. Left M3, ap. 170 mm., tr. 77 mm., index 45. 

After Frick, 1933, fig. 16. 

Al, Left inferior incisor of same (F:A.M. 25730). 

B, Imperfect cranium and tusks of referred specimen (F:A.M. 25729). One-seventh to one-eighth natural size. After Frick, 1933, fig. 27. 

C, Palate of referred cranium (F:A.M. 25735). One-seventh to one-eighth natural size. After Frick, 1933, fig. 12C. 

Cl, Enlarged view of |.M® (F:A.M. 25735), ap. 175 mm., tr. 98 mm., index 56. About two-fifths natural size. 

E, Referred left inferior incisive tusks in five different growth stages. Between one-seventh and one-eighth natural size. After Frick, 1933,fig. 14. 

D, Trobelodon taoensis Frick. Referred cranium (F:A.M. 25734), about two-fifteenths natural size. After Frick, 1933, fig. 12C. D1, Third right superior 

molar of same, ap. 123 mm., tr. 80 mm., index 65. Two-fifths natural size. Repeated in figure 411, B, B1. 
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Genus: SERBELODON Frick, 1933 

Genotypic species: Serbelodon barbourensis Frick, 1933, pp. 592, 594. 
Original reference: Bull. Amer. Mus. Nat. Hist., Vol. LIX, Art. IX, pp. 592, 594. 

In the year 1932, in the ‘Christmas quarry’ near Ainsworth, Brown County, Nebraska, were found the type of 

Serbelodon (F:A.M. 25730) and several other specimens, on which Frick (1933, p. 594) clearly established the new 

genus and species Serbelodon barbourensis, and characterized this new form as follows: 

GrNneERIC CHARACTERS.— “‘A. Symphysis Moderate—‘Sublongirostrines’ . . . ‘Sub-shovel-tuskers’— 
mandibular symphysis heavy and short, inferior incisors short, heavy, spatulate, superior tusks with 
strong enamel band, superior tusks worn deeply against opposed pair, last molars noticeably short.” 

Frick was first impressed with the flattened incisors of the six (Fig. 408 Al, E) specimens of Serbelodon bar- 

bourensis as analogous (F:A.M. 25739C) to the extremity of an incisor referred to Amebelodon fricki. The A. 

fricki incisor is of far greater length, namely, 1144 mm., as compared with the incisor of the S. barbourensis 

type (F:A.M. 25730) which measures only 350e mm. A similar contrast in length distinguishes the mandible of 

S. barbourensis (total length 980 mm.) from the type mandible of A. fricki (total length 1475 mm.). 

GrneRIC CHARACTERS.—The disparity both in inferior incisor length and in jaw length demon- 
strates: (1) That Serbelodon is a genus and phylum remotely analogous to the typical shovel-tusker 
Amebelodon Barbour,—the “‘sub-shovel-tusker” adaptation represents an ancestral rather than a true 
genetic relationship, (2) the true genetic relationship appears to be to Serridentinus owing to the ser- 
ridentine trefoils of the grinding teeth (Fig. 408 C1), but distinguished by the absence of serrated 
borders; (3) the mandible of Serbelodon differs very widely from the elongated mandible of Ocalientinus 
(Fig. 402 Al, C) as well as from that of Serridentinus productus (Fig. 369B) in its extreme abbreviation 
and broadening (Fig. 408 A); (4) the inferior incisors of Serbelodon (Fig. 408 Al, E) are relatively 
short and broad, correlated with the extremely short and relatively broadened symphyseal rostrum; 
(5) the total jaw length (980 mm.) equals that of S. productus; (6) the symphysis and flattened incisors, 
typified by dentinal laminz, are analogous to those of an abbreviated Amebelodon (Trilophodon) pala- 
dentatus or Amebelodon frick. 

Mouars.—The subfamily relationship of the genus Serbelodon to the Serridentine is demonstrated in the 

widely expanded entotrefoils of the superior molars (Fig. 408 C, C1) and the ectotrefoils of the inferior molars 

(Fig. 408 A). In brief, this appears to be a Serridentine shovel-tusker with a short or medilongirostral mandibular 

ramus—a new and most interesting adaptation. The jaw lengths and molar indices are as follows: 

—— 
Length of M’ . Ms 

Serbelodon barbourensis Mandible | ap tr I. | ap tr a. 

1932 ¥F:A.M. 25730 (Type) Ainsworth, Neb. Mandible 980 | 170 77 45 
19382 F:A.M. 25728 Ainsworth, Neb. Mandible 870 173. 70 40 

19382. F:A.M. 25729 Ainsworth, Neb. Skull | 141 88 63 | 

1982. F:A.M. 25735 Ainsworth, Neb. Skull 176 98 56 | 

Serbelodon barbourensis Frick, 1933 F:A.M. 25728 ‘“‘Adolescent mandible with m-m,, ms; germ 

Figures 406-410 and incisors. Figured this paper, Fig. 

From Christmas quarry, near Ainsworth, Nebraska. Lower Pliocene. 14.” 

Serbelodon barbourensis Frick, 1933. ‘New Remains of F:A.M. 25729 “Partial cranium with m?-m? and right tusk 

Trilophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. with enamel band. Figured this paper, 

Nat. Hist., Vol. LIX, Art. IX, pp. 592, 594, 595. TYPE.— Fig. 27. Tusk deeply worn, teeth much 

Mandible with Ms, Ms, and tusks. F:A.M. 25730. Horizon worn.” (Fig, 408B of the present Memoir.) 

and Locaurry.—From Christmas quarry, near Ainsworth, 

Nebraska. Lower Pliocene. Type Ficure.—Frick, op. cit., F:A.M. 25735 “Inferior area of skull with m*-m? and tusk 

figures 14, 16, and 27 (reproduced herewith as Fig. 408). alveoli. _m*=(176) mm. F igured this 

Marerrats.—From Christmas quarry, besides the type paper, Figs. 12€ and 27.” (Fig. 408C of 

mandible (F:A.M. 25730), were secured the following: the present Memoir.) 
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Also a considerable number of immature specimens fully 

listed by the author (1933, p. 595). 

Spreciric Cuaracters.—To the characters indicated in the 

above measurements, descriptions, and figures, should be added: 

(1) Superior molars relatively shorter and broader than in other 

genera or species of Serridentine, namely, M* (F:A.M. 25729) 

141 mm. X 88 mm., index 63; type M; (F:A.M. 25730) 170 

mm. X 77 mm., index 45; (2) apparently no serrations on the 

entotrefoils of the superior molars or ectotrefoils of the inferior 

molars; (3) ridge formula: M 34, M 2%; (4) superior tusk 

extremely heavy, downwardly and outwardly curved, cross-section 

narrow, enamel band apparently broad and external in position. 

Hasits (Osporn).—The relatively medium size, the short and 

broad symphysis, the flattened incisors, the posterior grinders with 

four ridge-crests (Fig. 408 Cl), as compared with T'robelodon 

taoensis (D, D1) with three ridge-crests and very simple foldings, 

distinguish Serbelodon barbourensis from all other phyla or genera 

known hitherto. 
The occurrence of three entirely distinct kinds of Serridentines 

in the rich Ainsworth region is most surprising. This region also 

yields the ‘prod-tusker’ Trilophodon osborni and the tuskless (?) 

T. phippsi in association with Hipparion sanfondensis and repre- 

sentatives of the following genera and species: Ocalientinus 

ojocaliensis, Trilophodon (Tatabelodon) gregorii, and Trobelodon 

taoensis. 

Serbelodon burnhami Osborn, 1933 

Figures 406, 409, 410 

From near Ricardo, San Bernardino County, California. Upper Pliocene. 

Through the courtesy of Mr. Childs Frick, the present author 

was afforded the opportunity in 1933 of describing a new and un- 

usual shovel-tusker from California, which he named Serbelodon 

burnhami after Mr. Frederick Burnham, brother-in-law of Mr. 

Blick to whom American paleontology is so greatly indebted for his 

very successful explorations in the Pliocene fauna of North Ameri- 

ca. “Fragments to date [April 12, 1933] evidence an associated 

fauna that includes a moderate sized horse (?Pliohippus), a 
large and a small sized camel, and an antelope (?Merycodus).”’ 

The most distinguishing characteristic of this Serbelodont 

shovel-tusker is the absence of dentinal rod-cones, which, so far as 

known, are absent in Amebelodonts and present in Platybelodonts; 

the specimen accordingly was assigned to Serbelodon, a genus of the 
subfamily Serridentine. 

Serbelodon burnhami Osborn, 1933. ‘“‘Serbelodon burnhami, a 

New Shovel-tusker from California,” Amer. Mus. Novitates, No. 

639, June 29, 1933, pp. 1-5 (Osborn, 1933.909). Typr.— 

Anterior portion of mandible with two incisive teeth, in the Frick 

Collection of the American Museum (F:A.M. 18228). Hort- 

ZON AND Locatity.— Discovered by Mr. John C. Blick in February, 

1933, ‘‘just above the last basalt flow some miles northeast of 

Ricardo post office [San Bernardino County, California] and 

apparently in or near the base of the Ricardo.” Upper Pliocene. 

Tyre Ficure.—Op. cit., 1933.909, figs. 1 and 2. REFERRED 

Specimens.—‘‘Two superior tusk fragments [were] received with 

the symphysis—a much aged and worn distal fragment, F:A.M. 

18228A, and a distal section of a smaller tusk, F:A.M. 18228B.”’ 

A few limb bones, right radius and ulna, left ulna and semilunar 

(F:A.M. 18228) were directly associated with the type mandible. 
Tyre Descrtption.—(Cf. Osborn, 1933.909) The type con- 

sists of the anterior portion of the mandible with two broad, flat- 

tened incisive teeth and, as compared with Platybelodon grangeri, 

relatively narrow rostrum. It is also apparently distinguished by 

the absence of the dentinal rod-cones characteristic of Platybelodon 

grangeri. The shape of the rostrum suggests comparison with 

that of Serbelodon barbourensis (F:A.M. 25730). The size of S. 

barbourensis of the Lower Pliocene of Ainsworth, Nebraska, is 

similar to that of Serridentinus serridens of the Lower Pliocene of 

Texas, and the size of Serbelodon burnhami of the Upper Pliocene of 

California will probably be found to equal that of Platybelodon 

grangeri of the Upper Miocene of Mongolia. Not only in size but 
in the evolution of the shovel tusks, S. burnhami is far more 

primitive than S. barbourensis. 

COMPARATIVE MEASUREMENTS 

Serbelodon  Serbelodon _ Platybelodon 

barbourensis burnhami grangert 

F:A.M. F:A.M. Amer. Mus. 

25730 18228 26468 

Condyle to extremity of 

symphysis 910 mm. 1300 mm. 

Length of incisors 380 610 510 

Terminal width of incisors 77 133 163 

Combined width of incisors 

at emergence from 

ramus 177 313 342 

Maximum thickness of 

tusk 45 47 32 

Length of symphysis 305 630e 640 

Width of ramus across 

narrowest part 178 296 151 

The incisors of the Serbelodon burnhami type resemble those of 

the S. barbourensis type in evidence of superior wearing abrasion 

by the proboscis and of lateral and inferior rounding action, leaving 

them gently rounded or convex as viewed from in front, whereas 

in Platybelodon grangeri there is less evidence of superior abrasion 

by the proboscis than of strong evidence of the sharp chisel-shaped 

edge being produced by wear on flattened stones, this being char- 

acteristic of all the incisive teeth in the large American Museum 
collection from the Tung Gur beds of the Gobi Desert representing 

all stages of growth. Secondly, in Serbelodon the upper face of the 

incisors is transversely concave and upcurved on the outer border 

while that of Platybelodon is relatively plain. Thirdly, there is no 

trace of dentinal rod-cones in Serbelodon, the interior of the tusks 

being pure dentine. 
The symphysis of Serbelodon burnhami, while badly fractured, 

broadly resembles that of S. barbourensis in lacking the pronounced 

broadening of the rostrum characteristic of Platybelodon grangeri, 

the sides converging gradually into the sharp superior border and 

relatively stout section of the ramus even at its narrowest point in 

contrast to the extremely compressed ramus of Platybelodon. 

While the S. burnhami jaw is nearly double the size of that of S. 

barbourensis, it nevertheless exhibits numerous similar generic 

characters although very clearly separated as to species. 

+ -. 



THE SERRIDENTINA: SERBELODON 

The fortunate discovery of this specimen has made possible 
the expansion of the generic definition of Serb lodon, as given on 

page 443 of the present Memoir. 
The superposed outlines (Fig. 410) of the shovel-tusks and 

flat-tusks emerging from the rostrum display the marked differ- 

ences between the broad and relatively short tusks of Platybelodon 
grangeri and Torynobelodon barnumbrowni and the elongate and 

relatively narrow incisive tusks of Amebelodon fricki and T. loomisi 
which closely resemble each other, whereas P. grangeri with its 
chisel-edged incisors differs from 7. barnwmbrowni with its irregular 
anterior incisive border. 

Osborn, 1933: The analogies or similarity of function between 

Serbelodon with solid ivory tusks, Ambelodon with extremely elon- 
gate tusks and dentinal laminw, and Platybelodon with extremely 
broad and short tusks and dentinal rod-cones (Figs. 430, 431), 

are clearly displayed in figures 409 and 410. While the incisive 

teeth of Serbelodon are superficially similar to those of Amebelodon 

and Platybelodon, they are sharply distinguished by the solid ivory 
without a trace of dentinal rod-cones. The grinding teeth of Serbelo- 

pattern; 

grinding teeth of Amebelodon which are very similar to those of 
Trilophodon. We observe, therefore, a triple shovel-tusk analogy 
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don are of very primitive serridentine pattern, broadly similar to 
those of Platybelodon with their extremely progressive serridentine 

on the other hand, both are in wide contrast to the 

between the widely distinguished generic types; together they 
constitute a proof of widespread and extraordinarily favorable 
structure for digging up roots and bulbs along the borders of lakes 
and ponds containing rich and succulent tubers. 

Serbelodon(?) precursor Cope, 1892, 1893 

Mt. Blanco, Llano Estacado, Texas Upper Pliocene, Blanco formation. 

The species ‘Dibelodon’ precursor Cope, was first considered 
by the present author as referable to the genus Serridentinus, 
consequently the description and figures will be found on pages 
431, 432 above, this chapter. It proves on further study, however, 

to belong rather to Frick’s genus Serbelodon, although the generic 

reference is still doubtful. 
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ANALOGOUS SHOVEL-TUSK ADAPTATIONS OF SERBELODON (A, B), PLATYBELODON AND TORYNOBELODON (C), AND AMEBELODON (D) 

A, B, Serbelodon, primitive and progressive species, no dentinal rod-cones, subfamily SERRIDENTIN®. 

C, Platybelodon and Torynobelodon, progressive species, dentinal rod-cones, subfamily PLATYBELODONTIN®. 

D, Amebelodon fricki, progressive species, dentinal lamin, subfamily AMEBELODONTIN &. 

Pig. 409. Serbelodon and Platybelodon tusks compared. 

A, Type mandible of Serbelodon barbourensis (I':A.M. 25730). 

Ainsworth, Nebraska. 

B, Type mandibular rostrum of Serbelodon burnhami (I':A.M. 18228) 
Near Ricardo, California. 

C, Referred mandibular rostrum of Platybelodon grangeri (Amer. Mus 

26468). Tung Gur horizon, Gobi Desert. 

All to the same scale of about one-thirteenth natural size. 

Near 

Fig. 410. Serbelodon, Platybelodon, Torynobelodon, and Amebelodon 

tusks, superposed. 
C, Platybelodon grangeri type (Amer. Mus, 26200). 

Gobi Desert. Typical flat-tuskers with dentinal red-cones. 

C, Torynobelodon barnumbrowni type (Neb, Mus. 1-10-7-31) of Nebraska. 

Tung Gur horizon, 

With dentinal rod-cones. 

C, Torynobelodon loomisi type (Neb. Mus. 2-3-9-28); near Republican 

City, Harlan County, Nebraska. With dentinal rod-cones. 

D, Amebelodon fricki type (Neb. Mus. 44-27), Freedom, Frontier County, 

Nebraska. Typical shovel-tuskers with dentinal lamine. 

B, Serbelodon burnhami type (F:A.M. 18228), near Ricardo, San Bernar- 

dino County, California. With dentinal lamine 

A, Serbelodon barbourensis type (F:A M. 25730), near Ainsworth, Nebras- 

ka. With dentinal lamine 



Genus: TROBELODON Frick, 1933 

Genotypic species: T'robelodon taoensis Frick, 1933, from the Santa Fé marls, Santa Cruz, New Mexico. 

Original reference: Bull. Amer. Mus. Nat. Hist., 1933, Vol. LUX, Art. IX, pp. 505 and 580. 

Generic CHARACTERS.—Third superior molars extremely short, single trefoils, blunt cones; 

eranium broad; inferior tusks moderately heavy, biconvex, pointed, ‘sub-shovel-tusker’; mandible 

relatively decurved. 

Trobelodon taoensis Frick, 1933 

Figures 281F, 406, 408, 411 

From Santa Cruz, New Mexico. Santa Fé marls (rare), Mio-Pliocene, also 

of Ainsworth, Nebraska. 

This animal is of doubtful phylogenetic relationship; it is 

certainly not a Longirostrine, nor a Rhynchorostrine. While its 

molar trefoil structure is of primitive Serridentine type, its third 
AA - 

B, TROBELODON 

TAOENSIS 

CSS p= } a 
M.21127 

FAM.25734 

superior molars are extremely short with only three ridge-crests. 

(Frick, letter, Sept. 26, 1933): T'robelodon—Tro [glo] belodon 
—cave “‘belodon”’ in reference to crushed occurrence. The initial 

“T” of the last two subgenera [T'atabelodon and Trobelodon|] re- 

calling the ‘“T”’ of Trilophodon with which the two were grouped 

in the ‘“‘Longirostrines” proper [see Frick, 1933, p. 576]. 
Trobelodon taoensis Frick, 1933. ‘‘New Remains of Trilo- 

F:A.M.25734 

A. TROBELODON TAOENSIS Frick, 1933, Tyre 

Fig. 411. A-A4, Type or Saort-JawED TROBELODON TAOENSIS Frick, 1933, Frick Connection, Santa Cruz, New Mexico, AND 

B, B1, Rererrep Cranium From ArnswortH, NEBRASKA 
After Frick, 1933, Pigs. 2, 12C, 13, 18, 27. See also figure 281F of present Memoir. Genotype cranium and mandible one-tenth natural size; molars 

about one-third natural size; referred cranium about one-eighth natural size. 
A, Ge notype cranium and mandible, length 1300e mm. (F:A.M. 21127), after Frick, 1933, fig. 2. Al, Same, mandible in superior view. A2, Same, third 

right superior molar, r.M°%, trilophoid, ap. 176 mm., tr. 95 mm., index 54, A3, Same, third inferior molar, r.M3, 4 ridge-crests, ap. 185e mm.., tr. 
84 mm., index 45e. A4, Transection of inferior molars. 

B, Referred cranium (F:A.M. 25734) from Ainsworth, Nebraska, posterior moiety, right side only in drawing. Bl, Same, third right superior molar, 
r.M®, ap. 123 mm., tr. 80 mm., index 65. 
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THE SERRIDENTINZ: TROBELODON 

phodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. Hist., 
Vol. LIX, Art. IX, pp. 505, 509, 534, 547, 548, 571, 572, 573, 576, 
580, 583, 584, 585. Typre.—(Op. cit., p. 580): ‘Crushed 
maxilla and mandible with m%-m%, superior tusks and inferior 
incisors. m;=((185))'mm. F:A.M. 21127. Figured this paper, 
Figs. 2, 18, 18.” Horizon ann Locauiry.—Discovered in 
1930 at Santa Cruz, New Mexico. Santa Fé marls, Mio-Pliocene. 
Tyre Ficurn.—Op. cit., figs. 2, 13, and 18. 

Speciric CHaracters.—(Frick, 1933, p. 576): “‘Blongate 

symphysis with heavy flattened to spatulate tending incisors, 
roots extending well posterior to p.s. and adjoining ms. Superior 
tusks reduced by wear to large stubs, enamel band moderate and 

proximally attenuated.” Incisors heavy to buttress-like (ef. p. 

547). M’, ap. 176 mm., Ms, 185e mm. (worn). ‘‘The type speci- 
men is particularly interesting on account of the heaviness of the 

inferior incisors, the cross-section of these being exceeded only in 

the New Mexican collection by the Battleship Mountain speci- 

men, F:A.M. 21140 [T'atabelodon riograndensis|”’ (p. 581). 

Mareriars.—Besides the type maxilla and mandible (Fig. 
411), Frick designates F:A.M. 21130 as “‘Trobelodon taoensis, 

Variant A,” a much crushed ramus and symphysis with M.-Ms; 

and tusks from Ojo Caliente, New Mexico, described on page 581 
and figured (tusk sections) on page 550; he suggests that this 

ramus may represent the female of the genotype (I':A.M. 21127). 
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portant is F:A.M. 25734, posterior half of cranium, with both 
M? and M¢*, from the vicinity of Ainsworth, Nebraska, determined 
by the present author as belonging to Trobelodon tavensis (errone- 
ously referred by Frick, p. 595, to Serbelodon barbourensis). 

Distinctive Characters, Osborn, 1933: (1) Third superior 
molars three ridge-crested, relatively short and broad, breadth- 
length index 54-65. (2) Third inferior molars four ridge-crested, 
relatively short and broad, breadth-length index 45-47. (3) Ex- 
panded entotrefoils in superior molars as in Serridentinus, in con- 
trast to Rhynchotherium with expanded mesotrefoils in relatively 
short third superior molars, e.g. Rhynchotherium brevidens: ex- 
panded ectotrefoils in four crested third inferior molars. (4) In- 
ferior incisors of the transversely ovate ‘prod-tusker’ type, as in 
Serridentinus. (5) Relatively broad or brachycephalic cranium, 
rostrum, and inferior mandible. (6) Symphysis relatively long 
and narrow, slightly upeurved as in Aybelodon. (7) These several 
characters appear to separate T'rrobelodon from either of the Mio- 
Pliocene types already known, especially the three crested third 
superior molars. 

The supposed male genotype of Trobelodon (F:A.M. 21127) 
is an animal of large and robust size, M*, 17695 mm., Ms, 185e 
x 84 mm., in contrast to the supposed female from Ainsworth 
(F:A.M. 25734), M3, 12380 mm. This much smaller female skull 
(F:A.M. 25734) is apparently brachycephalic, width transversely 

The anteroposterior measurement of Ms=166e mm. Most im- across zygomata 580 mm., occipital condyle to front of M? 560 mm. 

Trobelodon taoensis Length of M$ M; 
Mandible | ap. tr. I.| ap. tr. I. 

1930 | F:A.M. 21127 type | Santa Cruz, N.M. Maxilla and mandible 1300e 17695 54 | 185e84 45e 

1931 | F:A.M. 21130 Ojo Caliente, N.M. Mandibular ramus and symphysis 166e X78 47e 

1982 | F:A.M. 25734 Near Ainsworth, Neb. | Cranium 12380 65 

INCERTAE SEDIS 

Serridentinus barstonis Frick, 1933 

Figure 412 

From the Barstow Mio-Pliocene, Mohave Desert, California. 

(?) Trilophodon barstonis Frick, 1933. ‘‘New Remains of 

Trilophodont-Tetrabelodont Mastodons,’’ Bull. Amer. Mus. Nat. 

Hist., Vol. LEX, Art. LX, pp. 506, 520, 534, 607, 650. TyPE.— 

(Op. cit., p. 607): . . . ‘dp’, right, in maxillary fragment. (Size 
large.) F:A.M. 20850B. Figured this paper, Fig. 33. Ps, left, worn. 
Size of smallest Santa Fé py. F:A.M. 20850A. Figured this paper, 
Fig. 86.” Horizon anp Locatiry.—Mohave Desert, California, 

Barstow Mio-Pliocene. Tyrer Ficure.—Op. cit., figs. 33, 36. 

Tyrr Description.—‘Mastodont remains are extremely 
searce in the Barstow deposits, and so far known only in a dp’, 
pi, a femur, ete. fragments from the Uppermost horizon. The 
specimens seem typical of the Longirostrines.” Measurement 
(anteroposterior) of dp*, unworn, 45 mm.; of p,, worn, 41 mm. 

Marertias.—Besides the type Dp* (F:A.M. 20850B), and P, 
(F:A.M. 20850A), Frick has referred (p. 607) to this species a femur 
(F:A.M. 20850C) measuring 1111 mm., three (?) carpals and one 
phalanx (F:A.M. 20850C). He does not figure these in his paper. 

He remarks on page 613 that “‘slightly the largest element in the 

1(( )) =estimated. 

F:A.M. 20850-B 

Type oF SERRIDENTINUS BARSTONIS 

Fig. 412. Type third right superior 

milk premolar, r.Dp*, of Trilophodon 
barstonis Frick, 1933, fig. 33; also P4, 

op. cit., fig. 36. Natural size. 

collection is a lone femur from Barstow, California. The length 

_ exceeds that of the femur of the Warren mastodon, approxi- 

mates that of a specimen of the Alaskan mammoth, and is nearly 

twice the length of the smallest femur from the Santa Fé marls. 



KARNUL CAVES- Karnut Caves: No proboscideans. Equus onager, Cynocephalus. 
UPPER 

PLEISTOCENE 
Jumna, GopAvari, Nersuppa: Palzoloxodon namadicus type, Stegodon ganesa ref., S. 

insignis ref., ?Hlephas (Hypselephas) hysudricus ref. ~ GODAVARI — ~ 

y TL Summit of Barnum Brown’s Collections 

OT BS: “a [PROVISIONAL SEQUENCE OF PLIO-PLEISTOCENE SPECIES] 
eae | BoutpER CoNGLOMERATE: Elephas (Hypselephas) hysudricus type and ref., Platelephas 

platycephalus type, Stegodon ganesa type and ref., S. insignis type and ref. 

PINJOR CLAYS AND Dicerorhinus platyrhinus, Equus sivalensis type, Camelus sivalensis. 

[~*&|~+#«x&Prnsor: Archidiskodon planifrons type and ref., Stegodon pinjorensis type, Pentalopho- 
{|} don sivalensis type(?), Stegolophodon stegodontoides type(?). 

PINIOR [The upper levels of the Pinjor are regarded as Lower Pleistocene; 
ee the lower levels as Upper Pliocene. Fossils are very rare in the Boulder 

ase ae eee Conglomerate. Pinjor fossils occur on eroded surfaces, which renders 

UPPER aa a] it difficult to determine their exact geologic level. The most numerous 
Ewes ress) proboscidean specimens are upper and lower grinding teeth of Archidisko- 

PLIOCENE EE don plantfrons, believed by Osborn to be a true Upper Pliocene stage; 

ieee eer S| Brown collected only one important specimen (Stegodon pinjorensis) in 
TAT ROT- situ in the Pinjor.] 

a Tatrot: Pentalophodon falconeri type. 

eee ae 
-—— (cnn eee Sey 

Eee ee) 

BHANDAR OF DHOK PATHAN BONE BED DxHok PatTHan: Anancus perimensis ref., Deinotherium indicum ref., Serridentinus browni 

ref., S. hasnotensis cotypes and ref., S. metachinjiensis ref. (100 ft. above Bhandar 

bone bed), Synconolophus corrugatus type, S. dhokpathanensis type, paratypes, and ref., 

S. hasnoti ref., S. propathanensis type, S. ptychodus ref. (1000 ft. below Bhandar bone 

bed), Stegodon bombifrons type, S. elephantoides (=cliftiz) ref., Stegolophodon cautleyi 

ref., S. latidens ref., Tetralophodon (Lydekkeria) falconeri type and ref., T'. punjabien- 

sis type, Trilophodon hasnotensis type (1000 ft. below Bhandar bone bed). MIDDLE 
DHOK 

PLIOCENE PATHAN 4500 
JAMMU AND Kanora: Deinotheriuwm indicum ref., Stegolophodon latidens ref., Syncono- 

lophus hasnoti type, Tetralophodon punjabiensis ref. = Dok PaTHaAN AGE. 

Prerim Istanp: Anancus perimensis type, paratype, and ref., Deinotherium indicum 

type, D. perimense = D. indicum, D. angustidens type, Stegolophodon cautleyi type and 

ref., S. latidens ref. = Dxok PATHAN AGE. 

LOWER 
NAGRI/ PLIOCENE 

Upper Cuinsi: Deinotherium indicum ref., Trilophodon macrognathus type. 

Lower Cuinsi: Anancus perimensis ref. (800 ft.), A. properimensis type (800 ft.), Deino- 

therium indicum ref., D. pentapotamix type, D. sindiense type (Sind), Rhynchotherium 

chinjiense type (600 ft.), Serridentinus browni type (800 ft.), S. metachinjiensis 

type (800 ft.), S. chinjiensis type (700 ft.), S. prochinjiensis type (600 ft.), Stegolopho- 

don nathotensis type, S. cautleyi progressus type (2000 ft.), Synconolophus ptychodus 

type (800 ft.), S. ptychodus ref. (2000 ft.), S. ptychodus ref. (400 ft.), Trilophodon 

chinjiensis type, (?)T. macrognathus ref. 

MIO-PLIOCENE CHINA/ 

Base of Barnum Brown’s Sections 
EROSION /NTERVAL 

MIDDLE TO 

UPPER MIOCENE 
KamuiaAL: Tetralophodon falconeri ref. (Lower Manchhar), Trilophodon pandionis type 

(Larkana dist., Sind), 7’. paleindicus type (Punjab). 

Bueri: Deinotherium néricum = D. indicum var. gajense type, Trilophodon cooperi type 

and paratypes. 

gle Cuur-Lanvo: Paraceratherium (Baluchitherium) bugtiense. Absence of remains of Deino- 
UPPER OLIGOCENE|CHURLANOD Or therium and Trilophodon (Forster Cooper, 1935). 

TOTAL 25100 FEET 
PILGRIM 1910-1927. OSBORN-COLBERT 1935 Compare (Fig. 414) more recent Horizon and Life Zone Chart of Pilgrim-Osborn- 

Colbert, also Table II, pp. 114 and 115, for Eurasiatic Mio-Pliocene Correlation (1932). 

PROBOSCIDEAN Lire Zones AND GroLoaic Horizons or Inpra, PrugRm™ (1910-1927), Prtarm-Osporn (1927-1932), Osporn-CoLBeERrtT (1935). 

Fig. 413. Geologic levels of genera and species of Proboscidea as recorded by Faleoner-Pilgrim (1845-1927), modified by precise geologic horizon levels 
recorded by Barnum Brown (1922, 1923), also by new generic and specific determinations by Osborn (1923-1935) for the present Memoir. 

The erosion interval between “Boulder Conglomerate” and “ Pinjor’’ renders the Plio-Pleistocene boundaries and levels very uncertain. 

448 



UPPER | BUCTI 
SIND | HILLS 

NN NE 

an 

\] i N N ; ; ' 1) \] H N XK 
\ 
\ Vl | | iit 

Hl | il 
— yy 

Z 
KAMLIAL 

TIMMINS LE TINS 
YW 

Yi 

OLIGOCENE 2 V7 AHR 

PONDAUNG a 

‘Modified 

ProposcipEAN Lire Zones (Ossporn, Ocroser, 1935) wirain THE GeoLogic Horizons or Inpia (Prcret, 1905-1932) 

Fig. 414. Beginning in 1905 Pilgrim distinguished ten or more geologic horizons in India with faunistic correlations in Baluchistan 

and Burma, a most signal and important advance on the former classification into Lower, Middle, and Upper Siwaliks. 

Pilgrim’s own observations and fossil correlations up to the year 1932 tend to render these horizon levels more distinct. Cooper 

(1910, 1911) collected materials in the Bugti Hills which enable us to distinguish the Upper Oligocene and Lower Miocene levels. Still 

more precise leveling and collections of Barnum Brown (1922, 1923), analyzed by Brown and Colbert, and by Osborn especially in the 

preparation of the present Memoir, enable Osborn to designate nine mastodont and elephantoid life zones, as shown in the present diagram, 

and the entire generic and specific geologic levels (Fig. 413 opposite) so far as known at the present time. 
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LOWER MOLARS OUTER ano INNER VIEWS UPPER MOLARS OUTER VIEWS 

All 74 natural sue 

SYNCONOLOPHUS 
PROPATHANENSIS 

A./4 19487 7ype 

ouler view 

depth of looth 

S. HASNOTENSIS A./1. 19747 ref, 

rms inner view 

very Tuck weathered 

7 Type 
outer view 

Type 
znrer View 

S. METACHINJIENSIS 

7 77?2=3 

S. PROCHINJIENSIS A. 19554 Type 
r7m7zB znrer View 

Morar Eyouution oF THE SERRIDENTINa/ (B-E, G-J) iy Inp1a. 

~f SIWALIK SERRIDENTINES 

= 

TETRALOPHODON | 

G S. HASNOTENSIS A. /@M 19738 

xz mi (rev) 

S. BROWNI 

S. CHINJIENSIS 

D 

‘AM 19948 Chype 
weer View 
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7? 772 = 

Compare SYNCONOLOPHUs (A) AND TETRALOPHODON spP. (F). 

Gerotocic Levets (Fias. 413, 414) 

All figures one-fourth natural size 

Fig. 415. Comparison of type, cotype, and referred inferior (B-E) and superior (G—J) molars of the Serridentin, also (A) 1.Me-3 of Syn- 

conolophus propathanensis and (F) M', M? of Tetralophodon sp. 

A, Synconolophus propathanensis type (Amer. Mus. 19487). Ex- 
ternal view of second and third left inferior molars, 1.Mo-. 

B, Serridentinus hasnotensis ref. (Amer. Mus. 19747). 
view of second right inferior molar, r.Ms, much weathered. 

C, Serridentinus browni type (Amer. Mus. 19417). External view 
of second and third left inferior molars, 1.M»3. 

D, Serridentinus metachinjiensis type (Amer. Mus. 19414). Internal 
view of second and third right inferior molars, r.Mo.3. 

Ei, Serridentinus prochinjiensis type (Amer. Mus. 19554). Internal 
view of second right inferior molar, r.Mo. 

Internal 

FP, Tetralophodon falconeri (Amer. Mus. 19838). External view of first 

and second left superior molars, 1.M , 1.M?. See pages 354 and 451. 
G, Serridentinus hasnotensis cotype (Amer. Mus. 19738). External 

view of third right superior molar, r.M° (reversed). 
H, Serridentinus browni type (Amer. Mus. 19417). External view 

of second and third right superior molars, r.M?*. 

I, Serridentinus chinjiensis type (Amer. Mus. 19447). 

view of third right superior molar, r.M® (reversed). 
J, Serridentinus hasnotensis cotype (Amer. Mus. 19948). Internal 

view of third right superior molar, r.M°. 

External 

Observe in the ascending series (left column, E-B) the marked increase in size, hypsodonty, and deposition of cement. Compare these 
outlines with those in figure 385: Ocalientinus (Ser.) floridanus, O. (Ser.) republicanus, O. (Ser.) obliquidens from America, Serridentinus meta- 
chinjiensis from India, and S. mongoliensis from Mongolia, also outlines in figure 350. 
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10. PRIMITIVE AND PROGRESSIVE SERRIDENTINA OF THE SIWALIKS OF INDIA 

A surprising and most welcome discovery in the Barnum Brown collection of 1922 from the Siwaliks is a 

relatively rich Serridentinus fauna, beginning at the 600 foot level of the Lower Chinji with the comparatively 

primitive low-crowned Serridentinus prochinjiensis Osborn, 1929 (Amer. Mus. 19554), which is comparable 

to S. subtapiroideus of Eibiswald, Middle Miocene of Styria, Austria, and S. proavus of Colorado; succeeded 

at the 700 foot level by the Serridentinus chinjiensis Osborn, 1929 (Amer. Mus. 19447), which is comparable to 

S. lydekkeri of China; and at the 800 foot level by the two species Serridentinus metachinjiensis Osborn, 1929 

(Amer. Mus. 19414), which is comparable to S. serridens of the Clarendon beds, Lower Pliocene of Texas, and 

S. productus of the Santa Fé marls, Upper Miocene of New Mexico, and by the massive Serridentinus browni 

Osborn, 1926 (Amer. Mus. 19417). Much more recent (Dhok Pathan horizon, upper Middle Siwaliks) is the 

Serridentinus hasnotensis Osborn, 1929 (Amer. Mus. 19948, 19738), which resembles Ocalientinus (Ser.) floridanus 

and O. (Ser.) bifoliatus of Florida. 

Specific evolution in the Serridentine proceeded at the same rate in Asia and in North America, as set forth 

in the following synopsis. 

SYNOPSIS OF THE SERRIDENTINE SPECIES IN DESCENDING GEOLOGIC ORDER (FIG. 415) 

Duok PaTHAN Upper Middle Siwaliks, 2 m. 

N. E. of Hasnot 

Amer. Mus. 19948. Serridentinus hasnotensis Osborn, 1929, cotype, r.M‘ with 4+- 

ridge-crests (414), very massive, prominent internal trefoils, slight rudiments 

of double trefoils. Height of metaloph 75 mm. Three anterior crests, 

proto-, meta-, tritolophs = 146 mm. Compare 0. (S.) floridanus. (Fig. 415 J). 

Amer. Mus. 19738. Serridentinus hasnotensis Osborn, 1929, cotype, r.M’ with 4% 

ridge-crests, prominent internal trefoils, rudimentary external trefoils (cf. 

Amer. Mus. 19948). Meas.: ap. 190e mm., tr. 94 mm., height of metaloph 

69 mm., ap. of proto-, meta-, tritolophs =143 mm. (Fig. 415G). 

Amer. Mus. 19838.! Tetralophodon falconeri Osborn, 1929, cotype. L.M' (?) 

and 1.M?2. L.M! with four ridge-crests; ap. 108 mm., tr. 74 mm. L.M? 

with 4% ridge-crests; ap. 160 mm., tr.93 mm. Internal trefoils, rudiments 

of external trefoils, cement, very massive. Height of tritoloph of 1.M* 80e 

mm. (Fig. 415F). 

Amer. Mus. 19529. 

Middle Siwaliks, above middle 

beds, 1 m. N. E. of Hasnot 

Hipparion quarry level, 500 

feet below top of Middle 

Siwaliks, 4 m. west of 

Dhok Pathan 

Upper Middle or lower Upper 
Siwaliks, near Hasnot 

Upper Middle Siwaliks, 2 m. 

west of Hasnot 

Upper Middle Siwaliks, 2 m. 

N. E. of Hasnot 

Hipparion quarry level, 500 

feet below top of Middle 

Siwaliks 

Upper Middle Siwaliks, 1 m. 
N. E. of Hasnot, 100 feet 

above Bhandar bone bed 

Serridentinus hasnotensis ref. Protoloph of 1.M* fractured 

posteriorly, very large, tr. 120 mm. L.M® tetartoloph fragment. 

Amer. Mus. 19545. sSerridentinus hasnotensis ref. Tetartoloph and \, ridge-crest 

(pentaloph) of 1.M°. 

Amer. Mus. 19747. Serridentinus hasnotensis ref. 

tritolophids fractured in ramus (Fig. 415 B). 

R.M2, proto-, meta-, and 

Amer. Mus. 19479. Serridentinus hasnotensis ref. Proto-, meta-, and tritolophs of 

1.M3. Very much worn, fractured posteriorly. Width of metaloph 95 mm. 

Amer. Mus. 19687. Serridentinus metachinjiensis ref. R.M2, protolophid frag- 

ment; r.M; fractured in ramus, preserving only the protolophid. 

'Molars M!, M2 (Amer. Mus. 19838), erroneously described as cotypes of Serridentinus hasnotensis, are referable to Tetralophodon falconeri (see footnote, 
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Lower Middle Siwaliks, 2 m. 

S. of Hasnot 

Amer. Mus. 19753. Serridentinus browni ref. 

tr. 85e mm., height of metaloph 57 mm.; 1.M2 proto- and metalophids, tr. 

OSBORN: PROBOSCIDEA MEMOIR 

Proto- and metalophs of 1.M3, 

64 mm., height of metalophid 51 mm. 

Lower Siwaliks, 800 feet above 

base, 14 m. N. E. of 

Chinji Bungalow 

Lower CHINIJI Amer. Mus. 19417. Serridentinus browni Osborn, 1926, type. 

M2, M3, Mo, Ms. 
r.Ms;, ap. 170e mm., tr. 80 mm. (metalophid), height of tritolophid 45e mm. ; 

Right and left 

Meas.: r.Me, ap. 118 mm., tr. (tritolophid) 71 mm.; 

r.M2, ap. 118 mm., tr. 74 mm.; r.M$, ap. 162 mm., tr. 80 mm., height of 

metaloph 45+ mm. Left superior tusk, I’, and right and left inferior tusks, I, 

(Figs. 415 C and H, 416, 418). 

Lower Siwaliks, 800 feet above 

base, 1 m. N. W. of Chinji 

Bungalow 

Amer. Mus. 19414. Serridentinus metachinjiensis Osborn, 1929, type. R.M; with 
4% ridge-crests, subhypsodont, no cement. 

height of metalophid 75 mm. R.Mb, ap. 131 mm., tr. (protolophid) 61 mm., 

Meas.: ap. 214 mm., tr. 85 mm., 

(tritolophid) 71 mm., i.e., widening posteriorly, height of metalophid 53 mm. 

(Figs. 415 D, 418 B). Compare S. serridens (Lower Pliocene) and S. productus 
(Upper Miocene). 

Lower Siwaliks, 700 feet above 

base, 14m. W. of Chinji 

Bungalow 

Lower Siwaliks, 600 feet above 

base, 2 m. W. of Chinji 

Bungalow 

Serridentinus hasnotensis Osborn, 1929 

Figure 415 

Upper Middle Siwaliks, Middle Pliocene, near Hasnot, Dhok Pathan 

horizon, India. 

Serridentinus hasnotensis Osborn, 1929. “New EHurasiatic 

and American Proboscideans,’’ Amer. Mus. Novitates, No. 393, 

Dec. 24, p. 2. 

Coryrres.—Two specimens collected by Dr. Barnum Brown 

in 1922, as follows: Amer. Mus. 19948, an incomplete third right 

superior molar, r.M*, with 4+ ridge-crests (4%), and Amer. Mus. 

19738, a third right superior molar, r.M*, with 4% ridge-crests (see 

Fig. 415 J and G). Coryrr Ficures.—Op. cit., Osborn, 

1929.797, p. 3, fig. 3. 

REFERRED SPECIMENS.—Amer. Mus. 19529, protoloph of a 

left superior molar, 1.M?, fractured posteriorly; Amer. Mus. 

19545, tetartoloph and one-fifth (pentaloph) of a left third superior 

molar, 1.M*; Amer. Mus. 19479, proto-, meta-, and tritolophs of a 

left third superior molar, |.M®, fractured posteriorly; Amer. Mus. 

19747, proto-, meta-, and tritolophids of a right second inferior 

molar, r.Mp, fractured in ramus. 

Speciric CHaracters.—‘Ridge formula: M2 785 3 
‘ttalon Ridge-crests massive, separate, vertical; strong internal, 

rudimentary external trefoils; cement in valleys. Measurements: 

r.M*, height of metaloph 75 mm., three anterior crests, proto-, 

meta-, and tritolophs = 146 mm.; r.M?, ap. 190e mm., tr. 94 mm., 

height of metaloph 69 mm., ap. of proto-, meta-, tritolophs = 
143 mm.” 

Osborn, 1933: This stage corresponds closely with the four to 
five crested Ocalientinus (Ser.) floridanus (Figs. 379, 380), with the 
still more progressive O. (S.) bifoliatus of Florida (Fig. 376), 
but most closely with O. ojocaliensis of the Santa Fé marls, New 
Mexico. It differs widely from the subhypsodont species O. (S.) 
obliquidens and Serridentinus guatemalensis. 

Amer. Mus. 19554. Serridentinus prochinjiensis Osborn, 1929, type. 

half of crown, r.Ms. Meas.: ap. 105e mm., tr.58 mm., height of tritolophid 

4le mm. 

Amer. Mus. 19447. Serridentinus chingiensis Osborn, 1929, type. R.M?, ap. 160e 

mm., tr. 91 mm., height of metaloph 52e mm. (Figs. 415 I, 419). 

Posterior 

(Figs. 415 E, 420). 

Serridentinus browni Osborn, 1926 

Figures 415, 416, 418 

Mio-Pliocene, Lower Chinji horizon, 800 feet above base of Lower Siwa- 
liks, a mile and a half northeast of Chinji Bungalow, India. 

The discovery in the Mio-Pliocene of India of the type 
palate and jaws with grinding teeth and superior and inferior 

incisive tusks (Amer. Mus. 19417) of this south Asiatic species was 

one of the many notable achievements of Dr. Barnum Brown in 

his Siwalik explorations of the year 1922. As this was the first 
species in the Siwalik collection to be described by the present 
author, he took pleasure in naming it after the explorer, to whom 

the science of paleontology is so greatly indebted. 

The type grinders, M’-M2, M’-Ms, are found to be absolutely 

typical of Serridentinus and intermediate in size between the New 
Mexican species S. productus and the Floridian species Ocalientinus 

(Ser.) floridanus. As it belongs to a more blunt stage than either 

the Upper Miocene S. productus of New Mexico, or the Lower 
Pliocene O. (S.) floridanus of Florida, the trefoil spurs and conelets 

are more feebly developed; the tetartoloph is much more 

strongly developed than in S. productus but is much less progres- 

sive than in O. (S.) floridanus; the blunt, round-coned, rugose, 

strongly cingulate characters of the superior and inferior grinders 

are broadly similar to those of O. (S.) floridanus; it is lower 

crowned and much more primitive than O. (S.) floridanus. 

Serridentinus browni Osborn, 1926. ‘‘ Additional New Genera 

and Species of the Mastodontoid Proboscidea.’’ Amer. Mus. Novi- 

tates, No. 238, Nov. 30, 1926, pp. 4-6, figs. 3, 4 (Osborn, 1926.706). 

Typr.—Posterior portion of maxilla containing the second 

and third superior molars of both sides, M?’, with unattached 

left superior tusk, also lower jaws with second and third molars of 
both sides, Mes, together with both tusks (Amer. Mus. 

19417). REFERRED SpecIMEN.—Amer. Mus. 19753. Two 

anterior ridge-crests (proto- and metalophs) of a left third superior 



SERRIDENTINUS BROWNI 

Amer. Mus. !9417 Type 

BLUNT-CONED TyPb OF SERRIDENTINUS BROWNI. Lower Crist 

1926 (Amer. Mus. 19417), from the Lower Chinji horizon, 800 feet above the base of the Lower Siwaliks, 

Fig. 416. Type of Serridentinus browni Osborn, 
and 415 H of the present Memoir). All figures one-fourth natural size. 

India. Brown Coll., 1922. Observe the bluntly rounded cones and conelets (ef. Figs. 418, 

(Upper) A, Mandible containing Mp and anterior portion of Ms. 

A1, Portion of type maxilla containing M** of both sides. 

(Lower) A2, Left superior tusk (rev.) showing broad enamel band. 

A3, External aspect of mandible showing downturned rostrum and inferior ‘uproot’ or ‘prod’ 

(A) and (A1) after retouched photographs; originally figured by Osborn (1926.706, figs. 3 and 4 respectively). 

Compare Serridentinus annectens Mats., of Japan (Fig. 421). 

tusks. 
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OSBORN: THE PROBOSCIDEA 

Trilophodon hasnotensis Type 47,0- \fzs, /9399 

Fig. 417. Trilophodon hasnotensis sp. nov. (Amer. Mus. 
19399). Anterior portion of a left inferior molar, ].M3, show- 

ing metalophid, protolophid, and anterior half crest (%). One- 

half natural size. 

conules’ (C, C). 

722-3 

416 m. n. w. of Hasnot. 

A.M.19417 Type 
zrer view 

Observe ‘central 

ma, 3 inner yiew 

A, 7. 194/4 

slightly obligue 

molar, 1.M, tr. 85e mm., height of metaloph 57 mm.; two anterior 

ridge-crests of a left second inferior molar, 1.M2 (proto- and meta- 

lophids), tr. 64mm., height of metalophid 51mm. From the Dhok 

Pathan horizon, lower Middle Siwaliks, two miles south of Hasnot. 
Also Amer. Mus. 19448 (possibly referable to Serridentinus brownt). 

A complete left third superior molar, 1.M’, with 4% ridge-crests, 

ap. 190 mm., tr. 90 mm., height of metaloph 63 mm., found one 

mile northwest of Chinji Bungalow, 1500 feet above the base of 

the Lower Siwaliks. Finally Amer. Mus. 19399, a third left 

lower molar fragment, proto- and metalophids only (Fig. 417), 

exhibiting strong central conules more progressive than T'rilo- 

phodon macrognathus of the Upper Chinji (Fig. 222). Transferred 

in the present Memoir (p. 279) from Serridentinus to Trilophodon 

hasnotensis sp.nov. 

Horizon anp Locauity.—Collected by Barnum Brown in 

1922, from near Chinji Bungalow, Lower Chinji horizon, Lower 

Siwaliks, India, of Mio-Pliocene age. This horizon also yielded 
the type of Deinotherium pentapotamiz, as well as Deinotherium 

indicum ref. and Trilophodon chinjiensis holotype Pilgrim- 

Osborn. The Lower Chinji horizon is of more recent geologic 

age than the Middle Miocene Sansan and Simorre of France 

containing the typical Trilophodon angustidens. See Table II. 

pp. 114, 115, also figures 413, 414, pp. 448, 449. 

Fig. 418. Comparison or Type Mo.ars of SerripeNnTINUsS BROWNI (A), BRACHYODONT, AND S. METACHINJIENSIS (B), SUBHYPSODONT 

Compare figure 415 
A, Internal aspect of second and third right superior molars, r.M2*, of Serridentinus browni type (Amer. Mus. 19417). One-half 

natural size. Compare Osborn, 1926.706, p. 6, fig. 4. 
B, Internal aspect of second and third right inferior molars, r.Mo-3, of Serridentinus metachinjiensis type (Amer. Mus. 19414). 

One-half natural size. 

Observe the blunted cones of Serridentinus browni (A) in contrast to the elevated, pointed cones of S. metachinjiensis (B), the latter 
closely similar to S. productus of the Lower Miocene of Texas but of larger size. 
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THE SERRIDENTIN2: SERRIDENTINUS 

Superior Morars. Type Cuaracters (Amer. Mus. 19417).— 
Second superior molars (1) brachyodont, with (2) blunted, convex 
cones, (3) thick enamel, (4) obtuse internal trefoil spurs, and (5) 
characteristic tetartoloph rudiment bearing an internal ridge- 

‘ crest with blunted conelets and terminating in a single blunt 
external cone (similar to Serridentinus productus). Third superior 
molars with (6) four blunt ridge-crests, proto-, meta-, trito-, and 

tetartolophs; (7) very rudimentary pentaloph cingulum (left side) ; 

(8) pentaloph rudiment (right side); (9) external cones surmounted 

by two or three conelets; (10) internal cones with anterior trefoil 

spurs bearing a single prominent conelet, with feeble or no posterior 
trefoil spurs, no posterior conelets. 

ADDITIONAL CHARACTERS AND MEASUREMENTS OF THE TYPE 
(Amer. Mus. 19417).—This material includes a left superior tusk, 

‘LI’, also a pair of lower tusks embedded in the jaws which contain 

the second and third molars of both sides; with bony septum be- 

tween the small, rounded inferior tusks. The second molars, Me, 

are worn and broken. The third molars are less worn and more 

complicated than in the type of S. metachinjiensis (Amer. Mus. 
19414); they contain an accessory cusp, external to the main 

trefoil, between the protolophid and the metalophid, which is 
_ apparently absent or not accented in S. metachinjiensis. The meas- 

urements are as above. 
Left tusk, I?, somewhat crushed: Length as preserved 492 

RipGE-cRESTS M? 

Ocalientinus (Ser.) floridanus, type 3h 

Serridentinus browni, type 335 

Serridentinus productus, ref. 33 
Serridentinus subtapiroideus, coty pes 3 

455 

mm.; maximum diameter, parallel to enamel band, 82 mm.: 
width of enamel band 46 mm.; oval in section near distal end of 
tusk. 

Pair of lower jaws with tusks, and second and third molars: 
Length of right and left tusks exposed 128 mm. and 145 mm. re- 
spectively; breadth of symphysis 92 mm., length of symphysis 
231 mm.; length of right M? 118 mm., breadth 74 mm., index 

CoMPARATIVE MEASUREMENTS OF SECOND AND THIRD SUPERIOR AND INFERIOR MoLaRs 

FLoripa Srwauiks, InpIA TEXAS AUSTRIA 
Ocalientinus (Ser.) floridanus Serridentinus browni Serridentinus produc- _ Serridentinus subtapi- 

Type M3 (Nat. Type (Amer. Mus. tus Ref. (Amer. roideus Cotype (Cast 
Mus. 3083). Casts 19417) Mus. 10582) Amer.Mus. 2572) 
of Metatypes; M® 

(Amer.Mus.17726) ; 

M: (Amer. Mus. 

14384); M? (from 

Leidy and Lucas, 

1896, Pl. 1, fig. 6) 
Superior Molars he “ns alle ap. tras Te api) sit. ap... tr. 

VM? 125e 80e 64e 118 74 «63 119 80 67 112. 72. 64 
M’ ZL0% 107, dl 162 80 49 142 85 60 150 83 55 

Inferior Molars 

M2 127 80 63 118 71 ~=60 124e 75 60¢ (Est. from Schlesinger, 

1917, Taf. vii, fig. 1) 
M3 226 85 38 170e 80 47e 163 76 47 172e 74e 43¢e 

63; length of right M; 170e mm., breadth 80 mm., index 47e; 

length of left Mz 115 mm., breadth 74 mm., index 64; left M, 

incomplete. 

Comparison.—The above comparative measurements show 

that Serridentinus subtapiroideus of Austria, S. productus of Texas, 

S. brown? of India, and O. (S.) floridanus of Florida increase progres- 

sively in size; also that while much less progressive than O. floridanus, 

S. brown? is approximately of the same size. (2) The comparative 

ridge-crest formula in the same descending order is as below. 

Osborn, 1929: In conclusion, Serridentinus brownt belongs to 

the blunt-coned, massive, broad-crested series and is ancestral 

to the massive S. hasnotensis of the Dhok Pathan rather than 

to the subhypsodont, narrow-crowned 8. metachinjiensis. The 
cranium is relatively broad and the rostrum of the jaw is 
narrow, abbreviated, and horizontal in comparison with the com- 

pressed, very broad, deeply channeled rostrum of S. metachin- 

jiensis. 

M3 Me M; 

4h 3} 5h 

4};-}s 3% 4h 

3k 3h 4\ 
4 4h 



Serridentinus metachinjiensis Osborn, 1929 

Figures 385, 415, and 418 

Lower Chinji horizon, 800 feet above base of Lower Siwaliks, one mile 

northwest of Chinji Bungalow, India. Mio-Pliocene. Brown Coll., 1922. 

Serridentinus metachinjiensis Osborn, 1929. “New Hurasiatic 

and American Proboscideans,” Amer. Mus. Novitates, No. 

393, Dec. 24, 1929, p. 4. 
Typp.—Amer. Mus. 19414. Portion of right inferior ramus 

with M2, M; complete, beautifully preserved (see Figs. 415 D and 

418 B). Typr Ficurr.— Osborn, op. cit., 1929.797, p. 3, fig. 4. 

REFERRED Specimen.—Amer. Mus. 19687. A right second 

inferior molar, r.Ms, protolophid fragment, and a right third 

inferior molar, r.Ms, fractured in ramus, preserving only the 

protolophid. From 100 feet above the Bhandar bone bed. 

Speciric Cuaracters.—Right third inferior molar, r.Ms, 

with 4% ridge-crests, subhypsodont, no cement, anteroposterior 

measurement 214 mm., transverse 85 mm., height of metalophid 

75 mm.; r.M», anteroposterior measurement 131 mm., transverse 

(protolophid) 61 mm., (tritolophid) 71 mm., i.e., widening pos- 

teriorly, height of metalophid 53 mm. Single external trefoils, low 

postcingulum with many conelets and single prominent cone 

(tetartolophid); S. serridens exhibits two prominent cones, also S. 

prochinjiensis type has two cones, in fact, the double cones in 

M> are very characteristic. Summits of lophs with four to five 

conelets. Compare S. serridens of the Clarendon beds, Lower 

Pliocene of Texas, and S. productus of the Santa Fé marls, Upper 

Miocene of New Mexico. 

Osborn, 1935: It is certainly gratifying and astonishing to 

find a third parallel in this close resemblance of Serridentinus 

metachinjiensis of India with S. serridens and S. productus of Texas 

and New Mexico. The four Indian and American parallels thus 

far observed are: 

Serridentinus hasnotensis Osborn with Ocalientinus  (S.) 

floridanus and O. (S.) bifoliatus of Florida, Lower Plio- 

cene, and OQ. ojocaliensis, Mio-Pliocene of New Mexico. 

Serridentinus metachinjiensis Osborn with S. serridens (Lower 

Pliocene of Texas) and S. productus (Upper Miocene of 

New Mexico). Compare figures 418 and 389. 

Serridentinus chinjiensis Osborn with S. lydekkeri of China 

(Lower Pliocene?), and S. serridens cimarronis (Fig. 395) 

of the Lower Pliocene of Texas. 
Serridentinus prochinjiensis Osborn with S. proavus (Fig. 362) 

of the Upper Miocene of Colorado. 

Serridentinus chinjiensis Osborn, 1929 

Figures 415 and 419 

Lower Chinji horizon, 700 feet above base of Lower Siwaliks, one mile and 

a half west of Chinji Bungalow, India. Mio-Pliocene. 

Serridentinus chinjiensis Osborn, 1929. ‘‘New Eurasiatic and 

American Proboscideans.”” Amer. Mus. Novitates, No. 393, 

Dec. 24, 1929, p. 5. 
Type.—Amer. Mus. 19447. An imperfect right third superior 

molar, r.M*, with 4 ridge-crests plus cingulum. Measurements: 

ap. 160e mm., tr. 91 mm., height of metaloph 52e mm. TYPE 

Fiaure.—Osborn, op. cit., 1929.797, p. 4, fig. 5. 

Speciric Cuaracters.—This stage is clearly distinguished 

from, and is much more primitive than Serridentinus metachin- 

jiensis Osborn, i.e., more brachyodont, with smooth-sided crowns, 

OSBORN: THE PROBOSCIDEA 

SERRIDENTINUS 
CHINJIENSIS 

Fig. 419. Type of Serridentinus chinjiensis Osborn, 1929 
(Amer. Mus. 19447), Lower Chinji horizon, 700 feet above base 

of Lower Siwaliks, India; a fractured third right superior molar, 

r.M*. Compare figure 415 I. One-half natural size. 

A, Crown view; Al, external view; A2, showing position in 

the molar series. 

SERRIDENTINUS PROCHINJIENSIS 

Amer. Mus. 19554 Type rms 

Fig. 420. Type of Serridentinus prochinjiensis 

Osborn (Amer. Mus. 19554), Lower Chinji hori- 

zon, 600 feet above base of Lower Siwaliks, India; 

a fractured second right inferior molar, r.Mo, lack- 

ing the protolphoid. One-half natural size. 



THE SERRIDENTIN: SERRIDENTINUS 

7-6 conelets on metaloph and tritoloph, trefoils sharply defined in 
median aspect, both external and internal cones sloping inwards, 
contour of crowns subtriangular, broad anteriorly, narrowing pos- 
teriorly, tetartoloph with five to six conelets, internal cones less 
prominent than external. Close to S. serridens of Texas (Fig. 389). 

Osborn, 1935: This single type specimen of the Lower Chinji 

horizon, 700 feet above the base of the Lower Siwaliks, resembles in 

its subtriangular crown the third superior molar of Serridentinus 
serridens cimarronis (Fig. 395) and Serbelodon(?) precursor (Fig. 

397) from Texas, with sharp trefoil ridges, and contrasts very 

widely with the massive, square-crowned Serridentinus hasnolensis 

and the oblong-crowned S. brown?. Its delicate enamel lines and 

borders, with multiple conelets surmounting the lophs, distinguish 
it as a separate specific phylum. 

Serridentinus prochinjiensis Osborn, 1929 
Figures 415 and 420 ' 

Lower Chinji horizon, 600 feet above base of Lower Siwaliks, two miles 

west of Chinji Bungalow, India. Mio-Pliccene. 

Serridentinus prochinjiensis Osborn, 1929. 
and American Proboscideans.”’ 

Dec. 24, 1929, p. 6. 

“New Eurasiatic 
Amer. Mus. Novitates, No. 393, 

1h 

457 

Type.—Amer. Mus. 19554. A second right inferior molar, r.Mz, 
with metalophid and tritolophid and a pair of posterior cones only. 
Measurements: ap. 105e mm., tr. 58 mm., height of tritolophid 
4le mm. Horizon ann Locatiry.—Two miles west of 
Chinji Bungalow, India, 600 feet above base of Lower Siwaliks, 
Lower Chinji horizon, Mio-Pliocene. Tyre 

Osborn, op. cit., 1929.797, p. 5, fig. 6. 

Speciric CHaracters.—Small, very primitive; rudiment of 
external trefoil conule in valley between meta- and tritolophids; 
two small characteristic cones rising on posterior cingulum, as in 

Serridentinus serridens; lophs low and simple, barely subdividing 
into conelets; breadth of tritolophid 65 mm. as compared with 79 

mm. in S. serridens; height of tritolophid 41e mm. as compared 

with 61 mm. in S. serridens. 

Figure.— 

Osborn, 1935: This single fractured type specimen reveals the 

presence in India of an ancestral phase of Serridentinus much more 

primitive than S. mongoliensis of the Lower to Middle Miocene of 

Mongolia and more primitive than the S. proavus of the Upper 

Miocene of Colorado; it is also much more primitive than the S. 

sublapiroideus of Eibiswald, Styria. Consequently it appears to be 

the most primitive species of Serridentinus thus far discovered. 

SERRIDENTINES OF JAPAN AND CHINA, MIOCENE AND PLIOCENE 

The type of ‘Hemimastodon’ | = Serridentinus] annectens Matsumoto (Fig. 421) should be compared with the 

type of Trilophodon sendaicus Matsumoto as described and figured under T'rilophodon (Longirostrine, Chap. VIII, 

fig. 226). This type lacks the strong ‘central conules’ which characterize Trilophodon. Consequently H. 

annectens is described in the present chapter under the genus Serridentinus; the true relationships of S. annectens 

and 7’. sendaicus can be settled only by the discovery of complete jaws. 

Serridentinus annectens Matsumoto, 1924 

Figure 421 

From Banjébora, Kaminogé-mura, Kani District, Province of Mino, 
Japan. Hiramaki formation, probably Burdigalian, Lower Miocene. 

As shown in Chapter VIII (Trilophodon), the genotypic 

species of Hemimastodon (i.e., H. crepusculi Pilgrim) belongs among 

the Surya. The present species is placed under the genus Serri- 

dentinus to which it appears to be closely related. 

The blunt, brachyodont cones and conelets of S. annectens (Fig. 
421) compare closely with those of S. browni (Fig. 416) of the 

Chinji Siwaliks. 

Hemimastodon annectens Matsumoto. Journ. Geol. Soe. 

Téky6, Vol. XX XI, 1924, p. 405 (1924.4). SupPLEMENTARY DE- 

SCRIPTION.—Reprint Sci. Rept. Tohoku Imp. Univ., Second Series 
(Geology), Vol. X, No. 1, 1926, pp. 1 and 4. Typr.—Fragment 

of skull, bearing P*-M? of right side and M?*, besides alveoli of P* 
and M!, of left side in situ. Horizon AND Locauiry.—Ban- 

jébora, Kaminogé6-mura, Kani District, Province of Mino, Japan. 
From a bed of fine, tufaceous sandstone of the Hiramaki formation. 
Probably Burdigalian, Lower Miocene. Tyrer Ficure.— 
Matsumoto, 1926.1, Pl. 1, figs. 1 and 2, Pl. u, figs. 1, 2, and 3. 

Matsumoto states in his supplementary description of 1926 

(p. 4) that the skull is crushed down from above, so that its meas- 

urement, with the exception of the palate and cheek-teeth, cannot 
be accurately taken. The length of the skull fragment as preserved 

is given as 330 mm. The teeth measure as follows (in mm.): 

ap. tr. lL. 

Right P* 36 38 105+ 
Right M' 59 52 88 
Right M? 93 62 67 
Left M? 94 63 67 
Right M$ 96(?) 69 
Left M* 116 68 69 
United length of M'* 268+ 

Matsumoto concludes (1926.1, p. 6) as follows: ‘“‘The present 

species is evidently one of ‘those with most primitively structured 
molars, of the post-Phiomian Bunomastodonts and is of course 
near the genotype, Hemimastodon crepusculi (Pilgrim), . . . of the 

Gaj of India. The M? of the present species is distinctly larger and 

especially longer than that of the Indian form, and its second 

ridge to the posterior talon are distinctly stronger. Consequently, 

the present species stands just between the Indian form and 

Trilophodon angustidens typicus in the limit of the dental 

characteristics.” 

Serridentinus lydekkeri Schlosser, 1903 (1906) 

Figure 422 

Red clays, Lower Pliocene(?), Shansi(?), North China. 

This fragmentary tooth of North China described by Schlosser 

in 1903 (1906) as Mastodon lydekkeri is probably referable to 

the genus Serridentinus, because in the entire absence of central 

conules it cannot be related to Trilophodon in which the central 

conules are always prominent. The fragmentary crest preserved 
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Type OF SERRIDENTINUS ANNECTENS 

Fig. 421. Type of Hemimastodon annectens Matsumoto, 1926, Pl. 

ui, figs. 1-3, one-half natural size. Right and left superior maxillary 

dentition: (Left) Left second and third superior molars, 1.M?%, 
external aspect; (upper right) right second and third superior molars, 

r.M*%, internal aspect; (lower right) right second and third superior 

molars, r.M?*, crown aspect. 

(Fig 422) resembles the tritoloph or tetartoloph of a third left 

superior molar of Serridentinus chinjiensis in the presence of a 

trefoil spur on the enlarged internal cone (compare Fig. 419); 

it differs widely from the type of 
Stegolophodon latidens in which the 

internal cones are smooth, rounded, 

and not enlarged. 

Schlosser designated this species 

from the posterior portion of a very 

large molar tooth, presumably a left 

M’. From the entire absence of 

intermediate conules, he compared 

this tooth with Mastodon latidens. 

Excerpts from his type description 

are as follows: 

Mastodon Lydekkeri Schlosser, 

1903. ‘Die fossilen Siugethiere 

Chinas.” Abhandl. der k. bayer. 

Akad. Wiss., Cl. II, Bd. XXII, 

Abth. I, 1903, pp. 46,47. Typr.— 

Presumably a left M®*. TYPE 

Ficure.—Op. cit., 1903, Taf. xiv, 

fig. 8. Horizon AnD Loca.i- 

ty.—R6thliche Sande = Tientsin, 

Honan, etc., North China. Lower Pliocene(?). (Granger, 

December, 1924): “It is not possible to give the exact locality 

of this type (M. lydekkeri); it probably comes from the red clays 

of the Lower Pliocene (Hipparion fauna) and fossil deposits 

in this horizon have been worked by Dr. J. G. Andersson in the 

Type or SERRIDENTINUS 

LYDEKKERI 

Fig. 422. Type of Mastodon 

Lydekkeri Schlosser, 1903, Taf. 

xv, fig. 8, from the R6thliche 

Sande = Tientsin, Honan, 

North China, presumably a 

left. M*. 

provinces of Honan, Shansi, Shensi, and Kansu. These localities 

of Andersson are mostly old Chinese workings and doubtless a 

large part of Schlosser’s Lower Pliocene fossils came from these 
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very deposits. I would suggest using the term ‘North China’ as 
the locality for this type.” 

Type DeEscRIPTION AND CHARACTERS (SCHLOSSER, 1903, P. 

46).—‘ Eine neue Mastodonart wird angedeutet durch ein Frag- 

ment eines sehr grossen Molaren, vermuthlich des rechten oberen 

M; [M?’]. Es stammt, wie das noch anhaftende Gestein zeigt, aus 

den réthlichen Sanden und ist so vollkommen wie méglich petri- 

ficirt. Seine Farbe ist ein lichtes Graugriin. In den Vertiefungen 

sitzt ziemlich dickes, schwarzgefirbtes Cement. ... . Leider ist 

nur ein Joch und der Talon vorhanden. Das Joch besteht aus einem 

sehr grossen Aussenhécker und einem wesentlich kleineren Innen- 

hécker. . . . Auch dieser Zahn schliesst sich in Folge der voll- 

kommenen Abwesenheit von Zwischenhéckern an Mastodon 

latidens an, aber die Anwesenheit von Cement und das Vorhanden- 

sein der erwihnten Kiimme auf den Aussenhéckern sowie die 

Gedrungenheit des Talon verbieten die Identificirung mit 

Mastodon latidens. Es wire nicht ausgeschlossen, dass 

der bei Mastodon aff. latidens erwihnte kleine Praimolar, das 

Original zu Taf. xtv, Fig. 9, zu Mastodon Lydekkeri gerechnet 

werden diirfte.” 

Osborn, 1924: It is very difficult to determine the relationships 

from this fragment, but we are inclined to regard it as resembling 

a molar of Serridentinus rather than of Trilophodon or of Tetra- 

lophodon, owing (1) to the decided enlargement of the internal 
cone, (2) to the anterior and posterior spurs on the internal cone, 

rudimentary (?) lateral trefoils, and (3) to the entire absence of 

central conules or trefoils. 

Serridentinus wimani Hopwood, 1935 

Kansu, probably of Middle Miocene (Sarmatian) age. 

Described by Hopwood as Trilophodon wimani; referred by 
Osborn, in the Appendix to the present Volume I, to Serridentinus 

wimani. 



12. FLAT-TUSKERS OF CENTRAL ASIA AND WESTERN AMERICA 

(PLATYBELODON AND TORYNOBELODON) 

SUBFAMILY: PLATYBELODONTINA€Z Borissiak, 1928 

SUBFAMILY Cuaracters.—(Borissiak, 1928, p. 119): ‘The Subfam. Platybelodontine n. nom. 
(the name referring to the flat inferior incisors) arisen from the spoon-jawed representatives of Phiomia.”’ 

(Borissiak, 1929.1, p. 32): ‘The peculiar direction in the adaptation of similar forms which have 
apparently not hitherto been ascertained simply because of the highly fragmentary condition of the re- 
mains (mainly in the form of detached teeth), should be emphasized by these forms being separated 
into a distinct subfamily Platybelodontine.” 

In the above historical review of the ‘shovel-tuskers’ (pp. 328, 332-338), it was at first assumed by Osborn 

(1931) that the Amebelodontide Barbour, 1927 (modified to Amebelodontine in 1929) preoccupied the Platy- 

belodontine Borissiak, 1928, both subfamilies possessing large shovel tusks penetrated by dentinal tubules. 

At that time (1931) it was not known that the lower grinding teeth (Fig. 441) of Platybelodon were of partial 

serridentine pattern, in widest contrast to the trilophodont pattern of the Amebelodon grinders. The working out of 

the rich collection of fifty mandibles and palates, young and old, revealed a very marked resemblance to the 

grinders of the Serridentine, as shown in Ocalientinus (Ser.) floridanus (Figs. 379, 380), in fact, the highly progres- 

sive serridentine pattern of the grinders of Platybelodon is clearly portrayed in the drawing (Fig. 441). Another 

striking contrast of Platybelodon to the Trilophodon-Amebelodon group is the presence of four ridge-crests in the 

second superior and inferior grinding teeth, as shown in figures 439 and 441. This adds new generic characters 

(see below) to those originally assigned to Platybelodon by Borissiak in his description of the genotypic species 

P. danovi (1928, p. 120) and by Osborn in his description of the type of Platybelodon grangeri (1929.769, pp. 2-16, 

and 1931.847, pp. 1-12). 

We are now in a position to write in full the ridge-crest formula of Platybelodon grangeri, as follows: 

Dp 24 Dp 3% Dp 43+ M1333 M 2+ M333 

Finally, the tusks in the Platybelodontine (Platybelodon and Torynobelodon) contain dentinal rod-cones, 

whereas in the Amebelodontine the tusks are composed of concentric lamin. 

Osborn, 1935: The related American genus Torynobelodon (genotype T. loomisi), the ‘dredge-tusker’ of 

Barbour, is fully described above on pages 338 and 339 of Chapter VIII. 

Genus: PLATYBELODON Borissiak, 1928, 1929 

Original reference: Ann. Soc. Paléont. Russie, VI, p. 120 (Borissiak, 1928.1). 

Genotypic species: Platybelodon danovi Borissiak, 1928, p. 120. 

See Paraplatybelodon Frick, 1933, p. 592, a provisional name. 

Generic CuHaracters.—(Borissiak, 1928, p. 120): . . . ‘‘upper jaw with flat and wide fore part, 

incisors reduced and not reaching the front border of the jaw; the mandible with long and wide spoon- 

shaped symphysis, the incisors being wide and flat; the bunolophodont cheek teeth show a ridge-formula 

similar to that of Trilophodon but somewhat more complicated.” 

(Borissiak, 1929.1, p. 32): ‘The peculiar features in the structure of the form described, which do not 

conform to the diagnosis of any known genus, that of Phiomia included, afford grounds for regarding it 

as a distinct genus; in concordance with other generic names of Mastodonts as also in view of the shape 

of the lower tusks this genus could be given the name of Platybelodon. It may be characterized as 

possessing a mandible with a very well developed symphysis of a wide spoon-like shape corresponding 

with the wide and flat lower tusks, and an upper jaw provided with small tusks, its flat and wide 

anterior end projecting beyond the distal ends of these tusks; the grinding teeth of a complex buno- 

lophodont type.” 
459 
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ADDITIONAL GENERIC CHARACTERS (OSBORN, 1935) OF PLATYBELODON 

(1) Fourth superior and inferior deciduous premolars and second molars with four ridge-crests 

instead of three ridge-crests as in Amebelodon and Serbelodon. (2) Strongly developed serridentine 

molar pattern broadly resembling that of Ocalientinus (Ser.) floridanus and demonstrating clear sub- 

family distinction from Amebelodon in which the superior and inferior molars are of the Trilophodon 

pattern and the tusks contain dentinal lamine, whereas the Platybelodon tusks are composed of dentinal 

rod-cones. (3) It now appears that Platybelodon is an offshoot of the Serridentine rather than of the 

Amebelodontine as originally supposed. (4) Intermediate molar pattern differing from M 3 as in 

Serridentinus. (5) M3, serrate trefoils on anterior face only. 

k / 
PLATYBELODON GRANGERI 2135mm.,7’ e PLATYBELODON GRANGERIQ = 1830mm,6’e 

MONGOLIA MONGOLIA 

- = > 

: d 

PLATYBELODON DANOVI l6e50mm,5'5’e PLATYBELODON BARNUMBROWN 1950MM.,6’434"e N. CAUCASUS NEBRASKA 

d 
AMEBELODON FRICKI 3047MM.,10’ e AMEBELODON PALADENTATUS 1825 MM.,6’ e 

NEBRASKA COLORADO 

Fig. 423. Restoration (1932) or THE AMEBELODONT SHOYVEL-TUSKERS AND THE PLATYBELODONT FLAT-TUSKERS OF MONGOLIA, 

Nortu Caucasus, NEBRASKA, AND CoLORADO 

By Marerer Fuinscu, UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

Uniform scale of one-hundredth natural size 

Platybelodon grangert Osborn, 1929. Male (left) after type skull and jaws (Amer. Mus. 26200), referred jaw (Amer. Mus. 26460), and referred female 

skull and jaw (Amer. Mus. 26462), with an estimated shoulder height of 2135 mm. or 7 ft. 
Female (right) after referred skull and jaw (Amer. Mus. 26462), with an estimated shoulder height of 1830 mm. or 6 ft. 
Specimens from the Upper Miocene Tung Gur tableland, Mongolia. 

Platybelodon danovi Borissiak, genotypic species discovered in the Kuban region, North Caucasus. Estimated height 1650 mm. or 5 ft. 5 in. 

Platybelodon' barnumbrowni Barbour, 1931. This species consists of a mandible in the Nebraska State Museum (1-10-7-31), found in Pliocene gravels 
on Snake River, Cherry County, Nebraska. Estimated height 1950 mm. or 6 ft. 4% in. 

Amebelodon fricki Barbour, 1927. Based on a single lower jaw in the Nebraska State Museum (4—4-27), found near Freedom, Frontier County, Ne- 
braska. Estimated height 3047 mm. or 10 ft. Middle Pliocene. 

Amebelodon paladentatus Cook, 1922, first described as Trilophodon paladentatus. The restoration rests chiefly on the type lower jaw and tusk (Colo. 
Mus. 311) and two superior tusks of doubtful association (Colo. Mus. 314 and 315) showing enamel band on external surface. Estimated height 1825 mm. or 
6 ft. Middle Pliocene of Wray, Yuma County, Colorado. 

"Regarded by Osborn (1935) as belonging to Barbour’s genus T'orynobelodon. 
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Curer PAL&ONTOLOGICAL AREAS EXPLORED BY THE AMERICAN AND RussIAN EXPEDITIONS OF 

KHOMENKO, BorissiAK, AND ANDREWS IN EASTERN AND WESTERN ASIA NORTH OF THE 40TH PARALLEL. 

Dorrep AREA INDICATES THE INTENSIVE EXPLORATIONS OF THE CENTRAL Asiatic EXPEDITIONS OF 

Tue AmrericAN Museum or Natura History (1922-1929). Faunistic CorreLations or 1—11 

BASED ON THE OBSERVATIONS OF KHOMENKO AND BorisstAk. FAuNistic CORRELATIONS OF 1935 WILL 

APPEAR IN VOLUME II OF THE PRESENT Memoir. 

Fig. 424. American (Andrews, 1922-1929) and Russian (Khomenko. 1912, Borissiak, 1929) ex- 

plorations in eastern and western Asia. (Squares).—Permian Cretaceous Reptiles (1-14). (Circles).— 

Tertiary-Quaternary Mammals (5, 10-18) of the Khomenko and Borissiak explorations; (19, 20) of 

the Andrews explorations. 

5. Ismail—Middle Pliocene. 10. Stavropol—Upper Sarmatic. 11. Belomechetskaja—Middle 
Miocene. Platybelodon. 12. Eldar—Middle Sarmatic. 13. Indricotherium, Baluchitherium—Upper 

Oligocene. 14. Jilantik—Brachypotherium, Teleoceras, Serridentinus | = Trilophodon inopinatus|—Lower 

Miocene. 15. Karaturgaj. 16. Ishim—Paracamelus—Upper Pliocene. 17. Semipalatinsk. 18. Pavlo- 
dar—Lower Pliocene. 19. Serridentinus mongoliensis of Loh; other Eocene to Pleistocene localities of 

the Altai region. 20. Platybelodon grangeri of the Tung Gur and other horizons of the eastern Gobi. 

Compare Osborn, 1930.832, fig. 1. 

Platybelodon danovi Borissiak, 1928 

Figures 286, 425-427, 428 

Kuban region, North Caucasus. Chokrak beds, Middle Miocene (fide 

Borissiak), Upper Miocene (Osborn-Granger, 1931.847). 

This stage is very important as the genotype of Platybelodon. 
Platybelodon Danovi Borissiak, 1928. ‘On a new Mastodon 

from the Chokrak beds (Middle Miocene) of the Kuban region, 

Platybelodon Danovi n. gen. n. sp.’’ Ann. Soc. Paléont. Russie, 

VII, pp. 105-120, Pl. vm, figs. 1-4, text figs. 1, 2. January, 

1928. Typr.—‘‘a fragment of skull with M*-M®* and with 
mandible.” Horizon anv Locauiry.—‘‘Chokrak-beds, Middle 
[Upper] Miocene, North Caucasus.’’ Lower Pliocene. TYPE 

Figure.—Op. cit., Taf. vim, figs. 1-4. Tyrer DescripTion.— 

(Op. cit., p. 120): . . . “upper jaw with flat and wide fore part, 
incisors reduced and not reaching the front border of the jaw; the 
mandible with long and wide spoon-shaped symphysis, the incisors 
being wide and flat; the bunolophodont cheek teeth show a ridge- 
formula similar to that of Trilophodon but somewhat more com- 

plicated.” 

(1929.1, p. 

SECOND DESCRIPTION 

“On a New Direction in the Adaptive 

Radiation of Mastodonts,” Palaeobiologica, 

1929, Band II, pp. 19-33, Taf. m-v, text 

figs. 1+. 

Tyre (Borisstak, 1928, 1929).—Orbital, 

palatal, and maxillary portions of skull, with 

second and third superior molars of both 

sides, M?, M5; a nearly complete mandible 

with well-worn third inferior molars of both 

sides, M;, second inferior molars recently 

shed (see reproduction of type figure in 

second description by Borissiak, 1929.1, Taf. 

ut, figs. 1, 2, Taf. rv, figs. 1, 2, and Taf. v, 

figs. 1-3—Figs. 425, 426, and 427 of the 

present Memoir). Original in Leningrad 

Museum. Horizon anv Locauiry.— 

From the Kuban region, North Caucasus. 

Chokrak beds, Middle Miocene (fide 

Borissiak) ,Upper Miocene (Osborn-Granger). 

Tyrer DescrRIPTION (BORISSIAK, 

1929.1).—After his brief characterization 

(January, 1928) with figures of the genus 

and species Platybelodon danovi, Borissiak 

published in 1929 (‘‘Palaeobiologica, Band 

II, pp. 19-33) a complete and very important 

description of the ‘flat-tusker’ P. danovi 

discovered during the summer of 1927 in 

the Chokrak beds, which he regarded as 

Middle Miocene, of the Kuban region, North 

Caucasus. From this description not only 

are the type figures reproduced herewith but 

Borissiak’s restorations of the head of Platy- 

belodon (Fig. 428), which are of especial in- 

terest in comparison with the entirely diverse 
restorations of the head of Amebelodon by 

Barbour reproduced above (Figs. 292, 293, 

and 295). 

After forwarding his manuscript to Palaeobiologica, Borissiak 

33) received Barbour’s prior description (June, 

Fig. 425. Platybelodon danovi Borissiak, 1928. Type cranium and mandi- 

ble, one-fourteenth natural size; also isolated molar, one-tenth natural size. 

After Borissiak, 1929.1, Taf. rv, figs. 1-3. 
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1927) of Amebelodon fricki, and in an Addendum to his paper 

Borissiak established the generic separation of Platybelodon from 

Amebelodon: he also conceded the priority of the subfamily name 

Amebelodontine Barbour to the subfamily name Platybelodontinze 

Borissiak, 1928. 

Cuaractrers (BorisstaAk, 1928, p. 120, 1929.1, pr. 19-33).— 

The type skull [a female] was found at some distance from the type 

mandible. Ms; only in place below, M?, M® in place above; M? 

(10065 mm.) with 3 ridge-crests, M* (133 X65 X41 mm.) with 

4% ridge-crests, M; (1706730 mm.) with 4 ridge-crests and 

talon [5 ridge-crests— Osborn], single internal trefoils above, single 

external trefoils below, intermediate conules, with resemblance to 

Phiomia wintoni. Molars with great thickness of enamel. Superior 

tusks: Upper jaw provided with very small tusks, thickness 40 mm. 

[female—Osborn]. Mandibular rami low and massive, width 90 

mm., height 105 mm.; symphysis very long (with tusks 700 mm.), 

expanding anteriorly, constricted posteriorly (180 mm.), forming a 

double channel, increasing in width (up to 245 mm.), forming a 

wide and rather deep (up to 50 mm.) spoon-shaped cavity, anterior 

end somewhat raised. (1929.1, p. 22): ‘‘The shape of the sym- 

Fig. 426. Platybelodon danovi Borissiak, 1928, genotype mandible. After 

Borissiak, 1929.1, Taf. m1, figs. 1, 2. One-fourteenth natural size. 

physis is due to the structure of the inferior tusks, which present a 

flat concave surface from above and are of a slightly spiral curved 
form in their distal part, while proximally (at the posterior margin 

of the symphysis, at the point of fracture of the jaw) they are 

normally elliptical in section, the long axis of the ellipse being set 

vertically. The greatest width of such a tusk attains 110 mm, its 

thickness along the middle line reaching 30 mm and along the 

outer side 25 mm, being but 15-20 mm at its anterior extremity; 

the bony sheath enveloping the tusk is 5 mm thick. The distal 

ends of the tusks meet one another in the middle line, while pos- 

teriorly (within the bone) they somewhat diverge. These distal 

OSBORN: THE PROBOSCIDEA 

ends have not been completely preserved. From the upper surface 

of the tusks enamel is absent; their anterior end is abraded by use 

throughout a length of about 100 mm, the remaining surface, being 

intact (denuded of the enveloping bone), bears irregular longitu- 

dinal grooves [dentinal rod-cones—Osborn]; below they are pro- 

tected by enamel longitudinally striated.” 

Functional Adaptation (1929.1, p. 30): ‘“‘The above seems to 

indicate that this animal was driven in an opposite direction from 

the banks of the river to that followed by typical Mastodonts, in 

other words it fed and sought its safety from enemies in the water 

itself. To such a conclusion lead many other features in the struc- 

ture of the animal, such as: the wide cup-like shape of the lower 

symphysis which contributed towards the retention of water plants 

from drifting away; an acceleration in the growth of complexity 

in the crowns of the molars in connection with the unusually rapid 

wearing out of the teeth, especially those of the mandible (food 

with a large amount of silt, from muddy water would first affect 

the lower jaw); lower tusks, probably exposed but a short distance 

beyond the mandible, not only slender, but having lost their 

coating of enamel from the upper surface; perhaps, an incipient 

modification in the structure of the skull displayed by the diminu- 

tion of the orbit. The animal, as also its Lower-Tertiary ancestors, 
was deprived of a trunk and similarly to them continued to seize 

its food with its muscular upper lip, covering the mandible; the 

lower tusks against which the upper lip pressed its food mixed with 

sand and mud therefore wore out along their anterior end from 

above; possibly this upper lip recalled the wide fore part of the 

muzzle of the Hippopotamus, although much more lengthened out. 

Fig. 427. Platybelodon danovi Borissiak, 1928. Type left third inferior 
molar, 1.M3, found in situ. Three-fifths natural size. After Borissiak, 1929.1, 

Taf. v, fig. 1. Observe M3 with 514 ridge-crests. 

Neither had the animal probably acquired the large ear of the ele- 

phant [Footnote: ‘See Osborn’s note in his Classification of 

Proboscidea, Palaeont. Hungarica. v. I, 1921-1923, p. 41.’].” 

CompaRATIVE M®ASUREMENTS.—The detailed measurements 

scattered through the pages of Borissiak’s article (1929.1, pp. 21— 

33) may be summarized and condensed in comparison with those 

of the species first named by Osborn and briefly described as 

Amebelodon grangeri (Osborn, 1929.769, pp. 12-16) and later 

(Osborn-Granger, 1931.847, p. 6) recognized as Platybelodon 

grangert, as fully set forth below. The type of Platybelodon danovi, 

as noted above, is a female with very small tusks, whereas the 



THE PLATYBELODONTINA: PLATYBELODON 

type of P. granger: is probably a male, in which the tusks are 
considerably larger. 

M®EASUREMENTS Platybelodon —_ Platybelodon 

(COMPARE OSBORN, danovi Type, grangeri Type, 
1931.847) (?) Female Mandible 

Amer. Mus. 
MANDIBULAR MEASUREMENTS 26200 

Mandible: 
Length, condyle to tip of 

incisor 21240 mm. 1530e mm. 

condyle to tip of median 

symphysis 1102e 1340e 

Symphysis: 
Length, to tip of incisors 700 880 

to symphyseal border 518 670 
Breadth (maximum) 245 380-388 

Breadth (minimum) ~ 130 165 
Mandibular ramus: 

Breadth, maximum (thickness) 90 106 

Depth, maximum (height) 120 178 
DentTaL MEASUREMENTS 

Inferior incisive tusks: 

Breadth (width) 110 [108] 166 

Thickness 15-380 ext. 25-33 med. 

Third inferior molar, M; Paratype 

Length 168-170 192-205 
Breadth (width) 67 69-68 

Height 30-25 70-69 

Second superior molar, M? 
Length 98-100 
Breadth (width) 65 

Third superior molar, M* 

Length 130-133 
Breadth (width) 65 

Height 41 

CraniAL MrASUREMENTS 
Fragment preserved: 

Length, glenoid to tip of 

superior incisors 746 

occipital condyle to tip of 

premaxillaries (est.) 819 1120 

Maxillo-premaxille: 
Length 310 
Breadth (maximum) 180 

Incisive tusk: 
Transverse breadth (thickness) 40 

The above disparity in size (1) may be partly sexual, for 

example, the type of Platybelodon danovi (a female), of P. grangeri 

(a male); (2) it is more largely due to a progressive enlargement 

and specialization of P. grangeri. 
Speciric CHARACTERS OF PLATYBELODON DANOVI.—Maxillo- 

premaxille, flattened and broadened. Two superior grinding teeth 

functional in adult dentition, orbit above M°; M?® three crested, 
with typical bunolophodont intermediate conules, as in Phiomia. 

M® four crested, bunolophodont, with lophs and conelets of Phiomia 

type. Superior incisive tusks small, rounded, diameter 40 mm. 
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Mandible with low and massive rami, greatly prolonged anteriorly 

and upeurved towards extremity of incisors; symphysis greatly 
elongated, gradually expanding from narrowest portion (130 mm.) 

to broadest terminal portion (245 mm.); inferior double tusks with 

flattened, slightly concave surface above, greatest breadth 110 

mm., thickness along midline 30 mm., along thinner outer line 25 

mm., taken anteriorly 15-20 mm., converging at tip, slightly 

separated at emergence from jaws, enamel absent on upper surface, 

with irregular longitudinal grooves, protected below by enamel 

[?dentine] longitudinally striated (1929.1, p. 22). 

The above synopsis from Borissiak’s admirable text and figures 
(Figs. 1-4, Pls. 11-v) demonstrates the complete generic distinction 

Fig. 428. Four restorations by Borissiak of the head, mouth-parts, and 

“muscular upper lip” of Platybelodon, each exhibiting the flat lower tusks, also 
the greatly reduced superior female tusks. After Borissiak, 1929.1, figs. 2 [A, 

B], 3 [C], 4 [D}. 
(A) The broadly flattened proboscis is appressed closely against the flat 

inferior tusks. (B) The flattened proboscis is raised, exhibiting the retreating 

tongue and small superior female tusks. (C) The flat proboscis is curved, rinsing 

and pressing back the plants from the trough into the mouth. (D) The flat 

proboscis is raised, the mouth is closed by the appressjon of the superior lips, 
thus enabling the a nimal to swallow its food. 

of Platybelodon Borissiak (1928, 1929) from Amebelodon Barbour 

(1927); it also shows that the easterly Mongolian form discovered 

by Andrews and Granger in July, 1928, belongs to an entirely dis- 

tinct species, to which Osborn in January, 1929, assigned the 

name ‘Amebelodon grangeri,’ in honor of the discoverer, Walter 

Granger, to the type and referred specimens. 

Platybelodon grangeri Osborn, 1929 

Figures 286, 335, 429, 430, 433-439, 441, 444 

Tairum Nor Basin, Mongolia. Tung Gur horizon, Upper Miocene. 

All specimens of Platybelodon grangeri have come from the Tung Gur table- 

land (Fig. 432). The original discovery of this form in 1928 was at N. Camp, 

and the type and best preserved specimen came from J. Camp. In 1930 the 

specimens came mostly from two quarries along the western escarpment.' 

Amebelodon grangeri Osborn, 1929. “The Revival of Central 

Asiatic Life,’ Nat. Hist., Vol. XXIX, No. 1, Jan.-Feb., 1929 

[issued January 29], pp. 2-16, figure (Osborn, 1929.769). 

Platybelodon grangeri Osborn and Granger, 1931. “The 

Shovel-Tuskers, Amebelodontine, of Central Asia.” Amer. Mus. 

Novitates, No. 470, April 10, 1931, pp. 1-12, text figs. 1-3 (Osborn, 

1931.847). 

Typr.—Amer. Mus. 26200 (Field No. 812). Lower jaw, back 

1See below (pp. 465-469) for full description, figures, and measurements of Platybelodon grangeri, based on the collections of 1930. 
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part weathered out; grinding teeth missing. A large fully adult 

individual. Paratypr.—Amer. Mus. 26202 (Field Nos. 

791, 792). Middle portion of right and left adult lower jaws, 

containing finely preserved second and third inferior molars of 

both sides, Ms, M;. All measurements agree precisely with those 

of the type, consequently used in the restoration. Hort- 

ZON AND LocaLity.—Tairum Nor basin, Mongolia. Tung Gur 

horizon, Upper Miocene. Tyre Fiegurn.—Osborn, 

1929.769, as Amebelodon, and Osborn and Granger (Osborn, 

1931.847, figs. 1 and 3A, Al), as Platybelodon grangeri. 

The comparative measurements above show that all the 

dimensions, mandibular and dental, of Platybelodon grangeri, 

including the lower molars, exceed those of P. danovi in the 

ratio of 5 to 4, this ratio being established by eight measure- 

ments common to both species, namely, P. grangeri 5249 mm., 

P. danovi 4145 mm. This average increment of P. grangeri over 

P. danovi of 5 to 4, however, is exceeded in the anterior part 

of the symphysis and in the incisors of P. grangeri; the ratio in 

this pre-mandibular region is as 8 to 5, or, from the three 

measurements in common, as 873 to 575; the pre-mandibular 

numerical ratio rises as follows: 

Maximum Breaptu OF ROstRUM P. danovi P. grangeri 

Symphysis 245 380 

Single flattened incisor 110 166 

Combined incisors at tip 220 327 

575 873 
This establishes, as a clearly distinctive specific character of 

Platybelodon grangeri, its more progressive and highly specialized 

functional flat-tusk or platybelodont anterior region, namely, 

the flat or shovel-tusk region evolves most rapidly since it has become 

vitally important in the struggle for existence. 

First Type Description.—(Osborn, 1929.769, pp. 13-16): 

“A new species of mastodont named Amebelodon grangeri, a 

descendant of the primitive long-jawed mastodont (Phiomia) of 

northern Africa. Adapted to uprooting bulbous plants, it fre- 

quented the shallow lake waters of ancient Gobi. . . . This 

unique type of mastodont was first described by Prof. Erwin H. 

Barbour from a fossil jaw which he found in western Nebraska 

and to which he applied the highly appropriate generic name 

Amebelodon (derived from two Greek words signifying ‘shovel’ and 

‘end-tooth’). The Gobi discovery, which may be named Amebelodon 

grangeri, confirms in the most surprising manner the adaptation so 

aptly named by Professor Barbour, and it demonstrates, as in the 

case of all the other quadrupeds, that the Gobi climate and environ- 
ment were even more favorable than that of the Nebraska plains in 
Pliocene time, because in the Gobi shovel-tusker the dimensions are 
nearly double those of the Nebraska shovel-tusker.”’ 

Seconp Type Description.—(Osborn, 1931.847, pp. 1-12): 
“Type exceeding Platybelodon danovi in size, mandibular dimensions 
in ratio of 5 to 4; in pre-mandibular dimensions in ratio of 8 to 5. 
Anterior portion of mandible greatly broadened; second inferior 
incisors correspondingly broadened, flattened, and relatively 
shortened; post-mandibular proportions as in P. danovi.”’ 

“SuPertor INcisors.—The superior tusk-like incisors are rela- 
tively short and slightly out-turned; subeylindrical to cylindrical 
in section; slightly downturned, worn sharply at extremities 
(806A). In the juvenile specimen (Amer. Mus. 26201), a 
female tusk not fully emerged presents at a point about 200 mm. 

'ield Nos. 806A and 806B 

A.M.26200 

~~ 

PLATYBELODON GRANGERI Osld 7ype 

Fig. 429. Type mandible of Platybelodon yrangeri Osborn (Amer. Mus. 26200), 

in oblique superior and anterior aspects. About one-eighth natural size. After 

Osborn and Granger (Osborn, 1931.847, fig. 1). 

Observe that the inferior incisors are accidentally separated; in the natural 

condition of the jaw (Fig. 286 Al) they are closely approximated, as indicated by 

dotted lines. 

from the tip a transverse measurement of 47 mm., and a vertical 

measurement of 48mm. Whereas a supposed male tusk (806A "!) 

presents at a point 204 mm. from the tip a transverse measure- 

ment of 47 mm., and a vertical measurement of 56 mm. The 

core of a still larger male tusk (806B |!) presents a transverse 

measurement of 63 mm., and a vertical measurement of 70 mm., 

taken at the same distance.” 
‘“‘MaTErIALs.—Besides the type and paratype fully adult 

jaws there are four individuals represented by referred crania and 

jaws, several individuals represented by isolated fragments of 

inferior grinding teeth, six individuals represented by inferior 

incisive tusks, two individuals by superior tusks; five individuals 

represented by unassociated foot bones, which enable us to estimate 

approximately the height and bodily proportions of Platybelodon 

grangert.”” In detail the materials collected in 1928 are as follows: 

PORTIONS OF CRANIA AND JAws.—Amer. Mus. 26202 (para- 

type). Amer. Mus. 26201, 26203, 26204, 26210, 26243, 26212 
(referred). 

now (1935) bear the following catalogue numbers: Amer. Mus. 26212A and 26212B. 
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Inrerior Incistve Tusxs.—Amer. Mus. 26200 (type). 

Amer. Mus. 26205, 26206, 26207, 26208, 26209, 26211 (referred). 
Superior Incistve Tusks.—Amer. Mus. 26201, 26212 (re- 

ferred). 

Foor Bones.—Amer. Mus. 26212 (referred). 
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These dentinal rod-cones within the inferior incisive tusks 

were independently observed by Osborn in 1930. Figure 430A1, 

representing a partly fractured crown of Amer. Mus. 26207, 

shows a portion of this area and a mass of these dentinal rod-cones; 

these cones are seen also (A) in transection, each of which has a 

MEASUREMENTS OF TYPE, PARATYPE, AND JUVENILE PLATYBELODON GRANGERI 

Amer. Mus. 26200 Amer. Mus. 26202 Amer. Mus. 26201 
Type Adult Paratype Juvenile 

MANDIBULAR MEASUREMENTS 
Total length 1340e mm. =4 ft. 4% in. 1015+mm. =3 ft. 4 in. 980 mm. =3 ft. 2% in. 
Symphysis: 

Length to end of alveolus 655e —)7 ¥ 415 =1 4 
Breadth (maximum) 388 =| emey, 229 = 9 
Breadth (minimum) 165 = 6% 122 = 4¥, 

Ramus: 
Depth below M 2 150 = 5% 129 = Me 106+ = 4 
Breadth opposite M 2 111 - 48 91 = 34+ 101 = 4 

DENTAL MEASUREMENTS 1M, I.Ms r.M2 r.Ms 1.My 1.Me r.Me r.M; 
Anteroposterior 109 205 100 192 92e 123 125 ? 
Transverse 63 68 61 69 51 58 55 3955+ 
Height ? 69 ? 70 ? 63 60 59e 

INFERIOR INCISORS AND DENTINAL ROD-CONES 

In the type (Fig. 429—Amer. Mus. 26200) the lower incisors, 

on excavation, were rightly estimated at 14 in. (360 mm.) in total 

length, of which the exposed portion measures exactly 8%; in. (225 

mm.); width 6% in. (166 mm.); median thickness at point of ex- 

posure 1% in. (833 mm.); thickness along outer border 1 in. (25 

mm.). Portions of five more or less fractured lower incisors 

reveal a very new and important character, namely, the presence 

of dentinal rod-cones, first reported 
(Dec. 20, 1929) by Barbour in his pr 1 
original description of the ‘dredge- WW Hib’ 

tusker’ Torynobelodon loomisi, as fully  / bs 

set forth above (pp. 338 and 339). { [ \ 

| ' 

A./4.26207 From Mongolia j PLATYBELODON 

Ne —- 

PHIOMIA A,/7.2584t From Egypt 

Fig. 430. Dentrvat Rop-cones oF PLATYBELODON AND HoLLow 

INcisors OF PHIOMIA, AFTER OsBoRN, 1931.847, Fra. 2. 

All one-third natural size 

A, Diagrammatic transection of the right lower second incisor 

of Platybelodon grangeri (Amer. Mus. 26207). The left lower incisor 

section is restored. 

Al, Superior aspect of the right lower second incisor of same 

specimen (Amer. Mus. 26207) showing the partly exposed dentinal 

rod-cones. 

C, Section of the right lower second incisor of Phiomia osbornt 

(Amer. Mus. 2584t) from the Oligocene of the Fayim, Egypt, exhibit- 

ing open dental pulp cavity. The left lower incisor is restored. 

small lumen. This discovery led to the examination of a portion 

of a left lower incisor (Fig. 431B—Colo. Mus. 1319) from Texas, 

at first referred to Amebelodon, in which dentinal rod-cones and 

not dentinal laminw are displayed, although the fossilization is 

much less clear and distinct, hence probably referable to Platy- 

belodon (see Fig. 286E). 

€ meena ee 
" 

Fig. 431. Comparison of: B, Platybelodon ref. (Colo. Mus. 1319) 

from Texas, A, Platybelodon ref. (Amer. Mus. 26207) from Mongolia, 

incisor (Amer. Mus 

2584t) from the Faydm, Egypt. Compare opposite figure 430. 

Al, section of A, and C, section of Phiomi 

The dentinal rod-cones are very small and quite closely 

compacted in Platybelodon (A) and very numerous, namely, of 

The function of these 

rod-cones is certainly to strengthen the inferior tusks and to resist 
an estimated total of 250 separate cones. 

the results of abrasion of the beveled edges, as shown in figure 

286 Al. The microscopic structure will be given further study. 
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FETAL, JUVENILE, AND ADULT GROWTH STAGES 

In addition to the type, paratype, and numerous other 

specimens of the 1928 collection (Amer. Mus. 26200-26212), 

the expedition of 1930 fortunately discovered two great 

quarries (Fig. 432) to the east of the Kalgan-Urga Trail 

which yielded an extraordinary assemblage of representa- 

tives of Platybelodon grangeri in all stages of growth from 

of both 
an unborn young, two juvenile stages, to adults 

sexes. 

This unique collection amplifies the original deserip- 

Platybelodon Borissiak, and extends our knowledge 

a complete 
tions of 

of Platybelodon granger, affording not only 

definition of the species but greatly extended knowledge of 

the generic characters. 

TUNG GUR HORIZON OF UPPER MIOCENE AGE, 

PLATYBELODON GRANGERI LIFE ZONE 

These beds, discovered in 1928 by Andrews and 

Spock, occur as a low peneplaned tableland more than 25 

miles across. The northwestern edge of this deposit lies 

about 40 miles southeast from Iren Dabasu on the Kalgan- 

Urga Trail. Near the edge of the tableland at this point 

is an important well, known to all travelers in the region 

as Gur Tung Khara Usu. The horizon name Tune Gur 

(Spock, 1929.1, p. 4) was derived by reversing the first 

two words of this name. 

The beds are well exposed along the northern and 

western faces of the tableland and also for some distance 

along the southeastern face—bordering Tairum Nor, 

which latter place was worked in 1928, yielding the type 

of Platybelodon grangeri; this is the diagnostic species 

of the Tung Gur beds and occurs throughout the exposures. 

= Ebomp | 
“See TUNG GUR 

rea 7c Us, PABLELAND 

ee 

SS 223 

Sxercu Map or tae Recion Arounp IrpeN Dasasu, INNER MONGOLIA 

Fig. 432. The two working camps of the 19380 Central Asiatic Expedi- 

tion are here shown in Wolf Camp in the Upper Miocene (Platybelodon) beds 

of the Tung Gur tableland and Camp Margetts to the westward in the Upper 

Eocene (Irdin Manha) and mid-Oligocene (Houldjin Gravels). After Osborn 

and Granger (Osborn, 1932.886, fig. 1) 

PROBOSCIDEA 

PLATYBELODON GRANGERI REF. 
(FOETUS) 

Decipuous Succession IN PLATYBELODON 

CoMPARE THE SAME IN TRILOPHODON (FIG. 196) AND PLATYBELODON 

(Fic. 435), ALSO COMPARE TYPE OF PHIOMIA SERRIDENS (Fras. 180, 181). 

Fig. 433. Mandible and dentition of Platybelodon grangeri ref. (Amer. 

Mus. 26465). Quarry No. 2. After Osborn, 1932.886, p. 4, fig. 2. One-half 

natural size. 

This very immature mandible is believed to be that of a foetus, as it was 

found within the pelvis bones of an adult. It contains the milk dentition 

Diz to Dp, inclusive. A, Crown view; B, outer view of right ramus; C, 

diagonal view of left ramus; D, view of left incisors with bone removed. 

In 1928 the specimens of this genus were found more or less 

scattered, but in 1930 the majority of them came from two deposits 

or quarries which seem to have been bogholes in which the animals 

became mired. These two quarries were quite unlike in the 

fauna represented in them. 

Quarry 1 (10 miles south of Gur Tung Khara Usu). 

Yielded about 16 pairs of lower jaws of Platybelodon, 5 or 6 

fairly complete skulls and a great quantity of skeletal material, a 

complete representation of which was saved. All but two or three 

of these Platybelodonts were adults, and there was almost nothing 

else in the quarry except this form. 
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Quarry 2 (5 miles south of Gur Tung Khara Usu). 

Yielded portions of at least one adult Platybelodon and 7 or 8 

very young individuals. One of the latter (Amer. Mus. 26465) is 

considered in a foetal stage as it was taken out from between the 

two os innominata of an adult. 

In addition to Platybelodon, this Tung Gur quarry yielded a 

great quantity of remains of smaller forms 

many sorts, carnivores, rodents, and horses (A nchitheriuwm) 

remain to be identified. 

rhinocerids, bovids of 

which 

LIST OF PROBOSCIDEAN MATERIAL FROM TUNG GUR BEDS 

IN THE 1930 COLLECTION 

PLATYBELODON GRANGERI 

Amer. Mus. 26460 Lower jaws (see Fig. 437). Quarry No. 1. 

26462 Skull and lower jaws (see Fig. 436) and por- 

tion of skeleton of female. Isolated specimen. 

26463 Upper incisor (see Fig. 436). Quarry No. 1. 

—— A series of some 15 lower jaws and several 

skulls, together with much skeletal material. 

Quarry No. 1. Includes Amer. Mus. Nos. 

26469-26472, 26474, 26475, 26479. 

26464 Skull and lower jaws, juvenile (see Fig. 435). 

Quarry No. 2. 

26465 Lower jaws and maxilla, tusk with enamel tip. 

Foetal young (see Figs. 433, 434). Quarry No. 2. 

—— Lower jaws and fragmentary skulls of 7 or 8 

young individuals. Quarry No. 2.  Unpre- 

pared and unnumbered. 

26466 Maxilla and lower jaws. Isolated specimen. 

PLATYBELODON 

(FOETUS -?) 
GRANGERI 

MALE 

A.M. 26465 

Fig. 434. 

as that represented in figure 433. 

natural size. 

The teeth are identified as the superior milk incisor—A, 
view; and premolars 2 and 3—C, showing teeth in alveoli, D, same teeth 

removed from alveoli. 

Superior dentition of the same individual (Amer. Mus. 26465) 

After Osborn, 1932.886, p. 5, fig. 3, one-half 

inner, B, outer 

PLATYBELODONTIN/D: PLATYBELODON 167 

PLAT YBELODON 

GRANGERI 

JUVENILE 

Fig. 435. 

Platybelodon grangeri ref. (Amer. Mus. 26464) 

1932.886, p. 6, fig. 4, one-sixth natural size 

Juvenile fragmentary cranium and nearly complete mandible of 

Quarry No. 2. After Osborn, 

and M 

The flattened incisors are indicated as r. I. and |. L. and for the present 

Containing the deciduous dentition and permanent M as indi- 

cated. 

interpreted as being the tips of the large permanent incisors represented in 

the adult stage in figure 437 of the present Memoir 

26467 

26468 

26473 

Lower jaws. Isolated specimen. 

Lower jaws, incisors, much worn M 

Third right superior molar, r.M’ (Fig. 439). 

Quarry No. 1. 

26477 Baby skull and lower jaws, with dentition, 

found closely associated with Amer. Mus. 26462 

, right and left M; unerupted; 

symphysis missing. Quarry No. 1. 441, 

Skull, r. and 1. M'*, M! worn (Fig. 335) 

Skull, r. and 1. M** (Pig. 335 

26478 Lower jaws, Me- 

(Fig 

26479 

26480 

PLATYBELODON 

GRANGERI 

REF 

~. = > 

¢ ed AM '" Ls = Ray 
‘i [Sa %, <> ~ 26463 

eee. NSS 
\ ~~ . 

: . 
AM26462 = es J 

=. a 

Fig. 436 Female Platybelodon grangeri ref Amer. Mus. 26462), an 

isolated specimen from the Tung Gur horizon, found with the cranium and jaws 

and parts of skeleton associated 

Male superior tusk of Platybelodon grangeri ref 

Platybelodon Quarry No. | 

between the male and female tusks 

Amer. Mus. 26463) from 

Drawn to the same scale to show the marked dis- 

parity 

Both figures after Osborn, 1932.886, p. 11, fig. 7, one-fifteenth natural size 
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While the Platybelodon material in the 1928 collection was 

ample for generic reference and for specific determination, that of 

the 1930 collection is vastly greater, and when the preparation is 

finished will give complete knowledge of the skull, jaws, and skele- 

ton. The most unusual feature of the 1930 collection is the series 

of specimens illustrating growth stages. These range from old 

adults down to very young or even fcetal specimens. 

PLATYBELODON 
GRANGERI 

A.M. 26460 

Fig. 437. 

(Amer. Mus. 26460). Platybelodon Quarry No. 1. 

Superior and two lateral aspects, one-twelfth natural size. 

displaying the scissor-shaped lower surface, about one-twentieth natural size. 

Fara Youne.—(Figs. 433 and 434) This specimen, con- 

sisting of a pair of lower jaws, a maxilla, and a fragment of a pre- 

maxilla supporting the upper incisor, was found lying between the 
two halves of the pelvis of an adult Platybelodon, and this, coupled 

with the fact that none of the teeth is erupted, leads to the presump- 

tion that this was actually an unborn young. Some interesting 

characters are to be observed in this specimen which would be lost 
in an individual that had begun to use its teeth. Both upper and 
lower tusks are tipped with thin enamel which is indicated in the 

figure (Mig. 434) by darker coloring. The lower incisors present a 

Fully adult mandible and dentition of Platybelodon grangeri ref. 

After Osborn, 1932.886, p. 7, fig. 5. 

Inferior aspect of Io, 

1 PROBOSCIDEA 

scalloped anterior edge not perfectly shown in the reproduction. 

The presence of two incisors, one lying directly above the other and 

less advanced in growth, is a bit puzzling. It is presumed that the 

lower and more advanced one is a deciduous tooth. The upper 

one, which has a crown of about the same size as the other, may be 

a second deciduous incisor or possibly the germ of the permanent 

tooth. The anterior cheek tooth, above and below, is definitely 

the second deciduous premolar, as determined by working 

backward from an adult through a series of young individu- 

als; in the lower jaw this is a simple peg-shaped tooth and 

was apparently lost early in the life of the individual. 

Juventte.—(Fig. 435) In this individual, which 

had probably attained the age of two years or more, the 

permanent lower incisor is already functioning and shows 

The first 

molar, above and below, is formed but not erupted. The 

second premolar is still retained in the upper Jaw but has 

already been discarded in the lower jaw. 

the characteristic bevel on the anterior edge. 

Apuut.—(Figs. 437 and 438) The lower jaw of a fully 

adult animal with the M,; in wear is uncrushed and ex- 

hibits in an admirable manner the profile of the ramus and 

the broad shovel-shaped symphyseal region. The bevel on 

the edges of the incisors is beautifully shown in this speci- 

men. It seems probable that this bevel was produced by 

abrasion against a smooth rock or against the bottom of a 

shallow pond or stream in the process of scooping up vege- 

tation, a process in which the broad, short trunk was used 

in connection with the mandibular scoop. 

Fig. 438. Platybelodon grangeri ref. (Amer. Mus. 26460) anterior portion 

of the same mandible as in figure 437. After Osborn, 1932.886, p. 8, fig. 6, 

one-fourteenth natural size. 

Inferior aspect of the lower pair of incisors, Is, placed beside a coal shovel 

with the same transverse diameter as the anterior cutting portion of the inferior 
incisors, namely, fourteen inches. 
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PLATYBELODON: TuNnG Gur Beps, 1930 

Superior Morar Measurements (in Mitimerers)! 

Foetus Juvenile Young Old Adult — 

A.M, 26465 | A.M. 26464 | A.M. 26201 A.M. 26462 

Dp’ ap. 25 23 
tr. 16 17 

h 14 12+ 

Dp* ap. 47 46 
tr. 30 34.5 

h 24 20+ 

Dp’ ap. 75 
tr. 41 

h 33 

M' ap. 101 115 
tr 52 est 

h 50 est: 

M? ap imperfect 112+ 
tr. 70 
h. 

M® ap. 184 
tr. ? 

h. 

InreriorR Morar MEASUREMENTS (IN MILLIMETERS) 

Foetus Juvenile Young Adult 
A.M. 26465 | A.M. 26464 | A.M. 26201 A.M. 26203 

Dp2 ap 10 

tr. 6.5 

h. 9.5 

Dps ap: 48 46 
tr 32 32 

h 26 ? 

Dp, ap. 80 

tr. 39 
h 35 

Nig) aD; a 101 81+ 

tr. 41 52 

h. ? (much worn) 

Me ap. 124 118 

tr. 62 63 

h. 50+ (worn) 

Ms ap. not 211 
tr. fully 76 
h formed 78 approx. 

Inrerior Inctson MrasureMENTS (IN MILLIMETERS) 5 

Fetus | Juvenile Young Old Adult 
A.M. 26465. A.M. 26464) A.M. 26201 | A.M. 26462 

Dig ap. 82 approx. Incisors 
tr. (at cutting edge) 25.5 not preserved 

Ty ap. 140 est. 400 est. 

tr. (at cutting edge) 56 175 

‘Amer. Mus. 26201 and 26203 are from the 1928 collection. 

PLATYBELODON: SUPERIOR AND INFERIOR Moxars.—The 

superior and inferior molars of Platybelodon grangeri, illustrated in 

detail in the accompanying figures 439 and 441 on the same one- 

half scale as the corresponding molars of Ocalientinus (Ser.) 

floridanus (Figs. 380 and 403), reveal the unexpected branching 

off of the Platybelodonting from the Serridentinw, or at least 
closer relationship to the Serridentinus than to the Trilophodon 
molar pattern. As observed above, this unexpected relationship 

substantiates the subfamily Platybelodontinw of Borissiak as 

quite distinct from the subfamily Amebelodontine of Barbour in 

which we observe grinders of the simple Trilophodon pattern. 

The ridge formula of Platybelodon grangeri, as seen in these 

referred molars (Amer. Mus. 26473, 26478), is as follows: M 24 

M3 <4. 
The measurements of these exceptionally perfect grinders are: 

Height Height 

tetarto- meta- 

lophid lophid 
ap. tr. I. ap. tr. ‘I. 

Amer. Mus. 26473, 

r.M? 220 85 39 118 (inner 

Amer. Mus. 26478, side) 

1M; 218 65 30 86.5 (outer 

1M, 135 63 47 52 side) 

As based on the entire collection, the ridge formula is: 

Dp 1+ Dp 2 japahaped tots DP 3 aay Dp 4 sip P 3 sotriieas 
P44 M1224 M274 M3 sity. 

Superior molars with serrated anterior trefoil spurs of the ento- 
cones which abut against the center of the loph in front; unlike 

Serridentinus no posterior serrated spurs appear, thus the five ento- 

cones are smooth on the posterior faces, a sharp distinction from 
Serridentinus. The summits of the lophs are divided into conelets 

as follows: 

Protoloph 5 conelets 

Metaloph 8 conelets 
Tritoloph 6 conelets 
Hexaloph 5 conelets 

As in Ocalientinus (Ser.) floridanus, the tall, relatively slender 

entocones of the superior molars (100 mm.) incline obliquely 
forwards; the tall, slender ectocones (92 mm.) also incline forwards. 

Second Inferior Molar. Unlike Trilophodon this tooth is four 
crested, thus resembling T'etralophodon (Fig. 196). 

Summing up the above molar characters, Platybelodon 
grangeri is decidedly progressive and specialized in grinding 
tooth adaptation to a succulent diet of bulbous aquatic 

plants. The lophs are more numerous than in the corresponding 

molars of Ocalientinus (Ser). floridanus (Fig. 403), in which the 

ridge formula is M 3 “ as distinguished from 3% in M 3 of P. 

grangeri. As clearly shown in the diagrammatic figures 439 and 
441, the sharp distinction of Platybelodon is the anterior 

serration of the entocones in the superior molars and of the 

ectocones in the inferior molars, as distinguished from the double 

or anterior and posterior serration of the corresponding ento- and 
ectocones in the Serridentinus molars. 
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Platybel odon grangert ref 
AM. 26473 

Superior PLaryBELODON Moar 

Fig. 439. Right third superior grinder of Platybelodon grangeri ref. (Amer. Mus. 

26473), one-half natural size. Five and one-third ridge-crests, forwardly inclined. 

Observe anterior serrated crests on the five entocones. 

(Upper) External aspect. (Middle) Coronal aspect. (Lower) Internal aspect. 

Torynobelodon' barnumbrowni Barbour, 1931 

Figures 440, 442, 443, and 445 

Pliocene gravels on Snake River, Cherry County, Nebraska. 

Torynobelodon barnumbrowni Barbour, 1931. “A New 

Amebelodont, Torynobelodon barnumbrowni, Sp. Nov. A 

Preliminary Report.” Neb. State Mus., Bull. 22, Vol. I, 

August, 1931, pp. 191-198, text figs. 123-126. TYPr.— 

Mandible with tusks and both molars present and apparently 
perfect, but at the time of description still obscured by 
matrix and plaster cinches. Neb. Mus. 1-10-7-31. Horizon 
AND Locauity.— ...“dug out of Pliocene gravels on 
Snake River, Cherry County, 25 miles south-west of Valen- 
tine, Nebraska, July 1931, by Paul O. McGrew and Grayson 
Eichelberger, students in the University of Nebraska and 
student assistants in the museum.” Type Figure.—Op. 
cit., figures 123 and 124. 

1} 

Typr Derscription.—(Barbour, op. cit., 1931.2, pp. 193, 

195, 196): ‘‘The jaw of this scoop-tusker is relatively short 

and noticeably stocky. Width of scoop 12 inches. Length of 

mandible from condyles to tips of tusks, measured on the 

median line, 50 inches (1271 mm.). Length of mandible 

from condyles to the insertion of the tusks 41 inches (1042 

mm.) . . . the tusks are broad, are roughly and deeply 

corrugated, and heavily worn by use, presumably in digging. 

This is confirmatory of the original conception that ame- 

belodonts were elephants adapted to digging in mud, sand, or 

soft earth. Again it must be stated that the thinness of the 

jaw, its length as a lever and the smallness of the masseteric 

muscles seem at variance with this conception. Nevertheless 

this jaw must be an adaptation for digging. . . . The masse- 

teric fossa is small and but slightly impressed, so the great 

chewing muscle must have been reduced in size. Altogether, 
the jaw seems inadequate mechanically. The ascending 

ramus is very low, like that of Eubelodon morrilli. Judging 

by the known position of the base of the incisors in Amebelo- 

don fricki, the tusks in this mandible must be about 22 inches 

(559 mm.) long. Their width is 6% inches (160 mm.) and 

thickness about linch (25mm.). They bear a strong outward 

resemblance to the mandibular tusks of Torynobelodon 

loomisi. The tusks are sound and unbroken so it is not known 

whether or not sections would show the same dental tubules. 

Both molars are present and seem to be perfect, but at 

present are obscured by matrix and plaster cinches. They 

seem to be short but rather high-crowned.” 

Martertats.—(Barbour, op. cit., 1931.2, p. 191): .. . 

“three, probably four, skulls, more or less complete, with 

mandibles attached, and with perfect upper and lower 

dentition. Besides, there remain to be listed many skeletal 

parts such as ribs, vertebre, limb bones, scapulz, pelves, upper 

and lower tusks, molars and the like. Better still, there are 

probably three skeletons sufficiently complete to furnish in 

each case an authentic restoration.” 

GENERIC CompariIson.—(Barbour, op. cit., 1931.2, pp. 192, 

193): ‘As far as the group is now known there seem to be 

three forms of shovel-tuskers, which are worthy of first atten- 

tion. First, there are those having exceptionally long jaws 

and long straight mandibular tusks such as Amebelodon 

Type MAnpisLE oF ToRYNOBELODON BARNUMBROWNI BArBouR 
Fig. 440. ‘“Torynobelodon barnumbrowni, ventral view of the mandible 

showing the great broad scoop and corrugated incisors of this remarkable scoop- 
tusked mastodont.” Neb. Mus. 1-10-7-31, Morrill Coll. One-twelfth natural 

size. After Barbour, 1931.2, fig. 123. 

‘or full description of the genotypic species Torynobelodon loomisi Barbour, 1929, see Chapter VIII, pp. 338, 339. 



THE PLATYBELODONTIN #®: 

AM. 26478 

PLATYBELODON 

Platybelodon grangeri ref 

INFERIOR PLATYBELODON Mo.ars ‘ 
Fig. 441. Left second and third inferior grinders of Platybelodon grangeri ref. (Amer. Mus. 26478), one-half natural size. Six and one- 

fourth ridge-crests, forwardly inclined. Observe serrated crests on the six ectocones. 
(Upper) External aspect of |.Mo, 1.Ms. 

fricki and A. sinelairi. Second, there is a group having shorter, 

broader jaws, with shorter, but broader and moderately curved 

tusks. These are the scoop-tuskers, or dredge-tuskers, Torynobelo- 

don, so named because of a rough resemblance to these 
implements. Third, there isa group from the Gobi desert, similar 

to the last mentioned, having a relatively long slim jaw, which 

flares into a broad, deep scoop with tusks decidedly curved. The 

rare specimen under consideration seems to belong to the second 

group, and weare naming it Torynobelodon barnumbrowni. This 

mandible shows unmistakable Asiatic relationships, and it 
approaches Platybelodon grangeri of Osborn.” 

Tyre Mo.ars or TorYNOBELODON BARNUMBROWNI BARBOUR 

Fig. 442. Type left inferior molars of Torynobelodon barnumbrowni 

Barbour. After full-size pencil sketch by Professor Barbour of 4) lobed I.Ms, 
and trilobed 1.M2. Reproduced one-third natural size. 

(Lower) Internal aspect of same. 

Tyre MANDIBLE OF TORYNOBELODON BARNUMBROWNI Barsour 

Fig. 443. “Torynobelodon barnumbrowni, side view, showing a straight, 

thin, stocky jaw with a very low ascending ramus. The tusks are short, about 

22 inches, and are but very moderately curved. The under side of the tusk 
is in shadow, the edge in high light.” Neb. Mus. 1-10-7-31, Morrill Coll. 

One-twelfth natural size. After Barbour, 1931.2, fig. 124. 

Osborn, 1931: From the comparative measurements below as com- 
piled chiefly by Barbour, it appears that the type of Torynobelodon 

loomisi is broadly similar in measurement to the female type of 
Platybelodon danovi. The incisive tusks in the type of T. barnum- 

browni are similar in size to those in Platybelodon grangeri; the 

mandible of 7. barnumbrowni is greatly abbreviated (1271 mm.) 

as compared with that of P. grangeri (1530e mm.), the rostrum of 

T. barnumbrowni (317 mm.) is similarly narrower than that of 

P. grangeri (380 mm.). The female type jaw (Fig. 425) of P. 



472 

danovi is smaller and exhibits less extreme specialization than the 

male type jaw of P. grangerv. 

Osborn, 1932: Renewed comparison of the type of Toryno- 

OSBORN: PROBOSCIDEA MEMOIR 

belodon barnumbrowni by Barbour and Osborn (August, 1932) 

indicates subfamily relationship to Platybelodon grangeri, as shown 
graphically in figures 444 and 445. 

CoMPARATIVE MANDIBULAR MEASUREMENTS (BARBOUR, 1931.2, pp. 195, 196) 

Platybelodon 

danovi. 

Breadth of single incisor 

Breadth (max.) of combined incisors 220 [216] 

Length of single incisor ? 

Total length condyle to tip of incisor 21240 

Length of mandibular symphysis to tip 

of incisors 700 

Breadth (max.) of mandibular rostrum 245 

Breadth (min.) of mandible ? 

Length of third lower molar, M; 168-170 

AM. 26460 

Pig. 444. Mandible of Platybelodon grangeri (Amer. Mus. 26460) in 
superior (A), lateral (A2), about one-thirteenth natural size, and inferior (Al) 
aspects, about one twenty-first natural size. 

Observe the extreme broadening of the anterior portion of the rostrum for 
the accommodation of the very broad and closely appressed inferior shovel- 
shaped incisors; also the extreme constriction and narrowing of the mandibular 
groove, followed by the relatively slender rami bearing two grinding teeth. 
According to Gregory’s theory (1934.1) the lower surface of the tongue occupies 
this narrow groove which broadens out into the deeply hollowed suprarostral 
concavity. Observe also the sharp, evenly worn incisors, with oblique chisel- 
shaped under surfaces, in contrast to the irregular wear of the Torynobelodon 
barnumbrowni incisors. 

Female 

110 [108] mm. 

Platybelodon Torynobelodon Torynobelodon 

grangert. Male loomisi barnumbrownt 
166 mm. 114e mm. 159 mm. 

327 228e 321 
? ? 559e 

1530e ? 1271 

880 ? ? 
380-388 ? 317 

? 2 241 
205 2 165 

Fig. 445. Type mandible of Torynobelodon barnumbrowni Barbour to the 

same scale as Platybelodon grangeri opposite. First observe the irregularly 

fashioned and irregularly worn lower incisors, in contrast to the regularly and 

sharply defined borders of the lower incisors in P. grangeri; also the relatively 

narrow rostrum of the mandible and the relatively broad bar between the 

rostrum and the rami. Correlated with the less perfect functioning of the 

incisors in this species (7. barnumbrownz) is the larger size of the mandibular 

rami, both as seen from above and on the side (about one-thirteenth natural 

size). 

Torynobelodon barnumbrowni appears to be a collateral branch, and some- 
what less perfect mechanically, of the Platybelodonts of Central Asia. 



APPENDIX TO CHAPTER X 

Serridentinus filholi Frick, 1926, 1933 

From Gers, France. Lower Miocene. 

In reviewing the mastodonts in the Muséum d’Histoire 

? Naturelle in Paris, Frick indirectly confirmed Osborn’s observa- 

tions that within the collections of the Paris and other European 
4 museums were representatives of two distinct phyla of long-jawed 

mastodonts, namely, of Trilophodon and of Serridentinus, as clearly 
defined in the present Memoir. 

In 1926, Frick observed (Frick, 1926, pp. 177, 178) “I find 

. . . two widely differing species... . The second, heretofore 

unremarked and evidently rare form is represented alone by one 

p| well preserved mandible containing m2, ms, and tusks of both sides 

and the alveolus of m: .. . and the ms is much less elongate 
q relative to m:.”’ 

This “well preserved mandible” (Mus. d’Hist. Nat. Paris AC 
2058 and 2062) becomes the type of a new species dedicated to 

Henri Filhol in the following type description: 

(Frick, 1933, p. 509): ‘Note Serridentinus filholi, n.sp., from 

Gers, France.” (Op. cit. p. 535): ‘The second, a heretofore un- 

remarked and evidently rarer form, with noticeably shorter propor- 
tioned symphysis, is definitely represented by a well-preserved 

mandible containing m2, ms, m: alveolus and the tusks of both 
sides. In this specimen . . . the ‘alveolar distance’ (330 mm.) 
definitely exceeds the symphysial length (303 mm.), and the my is 
much less elongate relative to m:. The anteroposterior diameter 
of the (particular) m; is but slightly greater than that of the smallest 
ms of the extremely long symphysised form.” 

The above description, though brief, clearly points out as the 
generic distinction that the symphysis of this mandible is rela- 
tively shorter than in the Trilophodon angustidens phylum; also 
that the third inferior molar is relatively shorter than the cor- 
responding molar in 7’. angustidens. The diagnosis leaves in doubt 

1e crown structure of the type, that is, whether it is similar to that 
erridentinus. The measurements are as follows (Frick, letter, 

] ot. 6, 1933): 

7 

RRIDENTINUS FILHOLI TypE MaAnpIsLEe (Mus. p’Hisr. Nar. 

Paris AC 2058, 2062) 

_ Alveolar distance of Mi, Me, Ms, 330 mm. 
‘a Length of mandibular symphysis 303 

_ Breadth of mandibular symphysis 127 

The individual is young, the first inferior molar, Mi, is repre- 

sented only by a partial alveolus; the second inferior molar, Me, 
approximately 100 mm. in length; the third inferior molar, Ms, 

‘is 120 mm. in length and 58 mm. in breadth; breadth-length 
‘index=48. These measurements indicate that the type is an 
animal much inferior in size to the genotypic specimen Serri- 
dentinus productus (Nat. Mus. 2346), in which the third inferior 

molar measures 16476 mm., index 46, a close comparison being 
as follows: 

My 

ap. tr. te 
Serridentinus productus type 164 76 46 
Serridentinus filholi type 120 58 45 

Serridentinus (Ocalientinus?) nebrascensis Osborn, 1924 

Figures 394 and 446 

Lower Pliocene, Snake Creek B horizon; Snake Creek, Sioux County, 
Nebraska. 

The Lower Pliocene Serridentinus nebrascensis of Snake Creek, 
Nebraska (Fig. 446), first erroneously identified by Osborn as 
Stegomastodon, proves to be a true Serridentine. The following 
description accordingly belongs to the Serridenting (present 
chapter). 

This type molar (Figs. 446, 394), from the Lower Pliocene 

of Snake Creek, Nebraska, is distinguished by double trefoils. It is 

based upon one of the numerous isolated molar teeth (Fig. 394) 

found in the river drift deposits and requires confirmation by addi- 

tional material; as shown in figure 394, the type (Amer. Mus. 

18240) is identified as a first right superior molar, r.M', drawn in 

comparison with a referred first left superior molar, 1.M' (Amer. 

Mus. 21459). 

Stegomastodon nebrascensis Osborn, 1924. “Additional Gen- 
eric and Specific Stages in the Evolution of the Proboscidea.” 

Amer. Mus. Novitates, No. 154, December 24, p. 5. Type.— 

A rst right superior molar, r.M! (Amer. Mus. 18240). Hori- 

zON AND Locauiry.—Lower Pliocene, Snake Creek B horizon, 

Snake Creek, Sioux County, western Nebraska. Tyre 
Ficure.—Osborn, op. cit., 1924.634, p. 4, fig. 2 B. 

Tyre Description.—(Osborn, op. 

cit., 1924.634, p. 5): ‘The type is ap- 

parently a first inferior molar of the 
right side [error, an r.M'] and was col- 

lected in the river drift of the Snake 

Creek horizon. It exhibits the follow- 
ing characters: (1) cones closely com- 

pressed; (2) double external and in- 

ternal trefoils; (3) broad crenulate 

external cingulum; (4) internal cone- 

lets arising from the internal cingulum 

in the internal and median valleys; (5) 

Amer, Mus. 16240 
‘Seake Creed. Neb! 

TYPe OF SERRIDENTINUS 

h NEBRASCENSIS 

measurements as in figure 2B [Fig. 446 Fig. 446. ‘Type figure of 

of the present Memoir). Stegomastodon _nebrascensis 
Associatep Fauna.—The fauna 

associated with Serridentinus nebra- 
scensis, as found in the Snake Creek B 

horizon (upper) of western Nebraska, contains Rhynchotherium 
anguirivale, Serridentinus anguirivalis, also Pliomastodon matthewi, 

all represented to a one-third seale in figure 394. 

Osborn, 1924.634, p. 4, fig. 
2B. One-fourth natural size. 



RHYNCHOTHERIUM TLASCALZ, MALE AND FEMALE, FROM THE VALLEY OF Mexico 

RESTORATION BY MarGRET FLINscu, 1933, UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN, ONE-FIFTIETH NATURAL SIZE 

Fig. 447. This restoration is based on the newly discovered genotypic jaw of Rhynchotherium in the Museum of Geneva, 

observed by Falconer as exhibiting an enormous bec, i.e., beak. The characters of the dentition are derived from other species. The 

cranium is still known only from an anterior fragment of a skull with tusk (Blickotheriwm euhypodon) and an immature maxilla with den- 

tition (Rhynchotherium shepardi edense). The characteristic side enamel band of the lower incisors is indicated. A female, with small 

superior tusks, is in the act of uprooting a plant. While the scene is mountainous, it is probable that these animals were chiefly forest 

living, an hypothesis in accordance with the extreme rarity of their remains. As shown in the comparative figure 477, Rhynchotherium 

ilascalz is the largest known Rhynchorostrine, with the largest and most primitive jaw. 

(LowER LEFT-RIGHT) FALCONER’s GENOTYPE Cast OF THE GENUS RHYNCHOTHERIUM, 1856, 1868 (TyeE RHYNCHOTHERIUM TLASCAL® Osporn, 1918, 1921), 
AND (UPPER LEFT-RIGHT) OsBorn’s New Species RHYNCHOTHERIUM BROWNI 

After retouched photographs, one-tenth natural size. Compare figures 452, 478, and 482 

Fig. 448. Lateral (lower left) and crown (lower right) views of Falconer’s “lost genotype” from Tlascala, Valley of Mexico; this cast (Amer. Mus. 
27003) is a duplicate of “a magnificent specimen of an adult lower jaw of Mastodon Andium, invested with a very massive and elongated incisive beak, 
deflected downwards, and retaining the basal section of one very large incisor [Fale., 1863].” This duplicate of the original cast was prepared and donated 
(April 20, 1932) to the American Museum by Director Pierre Revilliod of the Geneva Museum. 

(Upper left-right) Osborn’s erroneous neotype mandible of Rhynchotherium tlascala Osborn, 1921 (Amer. Mus. 15550), from San José de Pimas, Sonora, 
Mexico, with its shorter rostrum, is more progressive. It represents a distinct specific stage, to which the name Rhynchotherium browni is applied in honor of 
Barnum Brown’s explorations in Mexico. 
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CHAPTER. XI 

_ HISTORY OF THE RHYNCHOROSTRINES, SUBFAMILY RHYNCHOROSTRINA- 
ORIGIN AND GEOGRAPHIC DISTRIBUTION OF THE BEAK-JAWED MASTODONTS 

SEPARATION OF RHYNCHOTHERIUM FROM TRILOPHODON AND SERRIDENTINUS. RETENTION OF LATERALLY 

COMPRESSED INFERIOR INCISIVE TUSKS WITH UNIQUE PERSISTENT ENAMEL BAND. POSSIBLE ORIGIN IN 

‘MASTODON’ SPENCERI OF NORTH AFRICA, LOWER MIDDLE MIOCENE, OR IN THE MIO-PLIOCENE 

RHYNCHOTHERIUM OF INDIA. REAPPEARANCE IN CALIFORNIA, MONTANA, NEBRASKA, 

COLORADO, TEXAS, THE VALLEY OF MEXICO, AND HONDURAS. 

1. Distinction of Rhynchotherium from other bunomasto- 5. Synopsis of specific characters of the Miocene species: 
donts. Rhynchotherium spenceri, R. brevidens, R. shepardi, 

and R. rectidens. 

2. Characters of the subfamily Rhynchorostrinz and history 6. Synopsis of specific characters of the Pliocene species: 

of discovery. Blickotherium euhypodon, Rhynchotherium anguiri- 
vale, R. tlascalx, R. browni, R. falconeri, R. shepardi 

3. Characters of the genus Rhynchotherium and synopsis of edense, and R. francist. 
Mio-Pliocene Rhynchotherium of India. 

8. New Honduras phylum: Blickotherium and A ybelodon, 

“J the eleven included species thus far discovered. 

4. Supposed geologic order of succession of the Rhyncho- discovered by Blick in 1929, described by Frick in 
rostrine, terminating in Texas, California, Mexico, 1933. 

and Honduras. 9. Summary of the evolution of the Rhynchorostrines. 

1. DISTINCTION OF RHYNCHOTHERIUM FROM OTHER BUNOMASTODONTS 

(May, 1933) The earlier portions of this chapter, completed in 1929 and summarized (pp. 511-513) below, are in part amplified and 
superseded: (1) By the surprising recent discoveries of Frick, (2) by the recovery of the Geneva genotype cast, and (3) by Osborn’s new 
observations as to habits and phylogeny. 

(November, 1934) In the Appendix at the close of the present Volume I the triphyletic sequence of species is set forth. 

We owe to the keen vision of that great paleontologist Hugh Falconer the first recognition of this phylum, 

not in an original specimen, but in a cast! of a lower jaw from Mexico contained in 1856 in the Museum of 

Genoa [now determined as Geneva]. In his own language: “‘At Genoa I saw a cast of a large lower jaw of a 

Mastodon from Mexico, with an enormous bec abruptly deflected downwards and containing one very large lower 

incisor. . . . The Genoese paleontologists had provisionally named it Rhynchotherium, from the enormous de- 

velopment of the beak, approaching Dinotherium.” 

In the above paragraph the word ‘Genoa’ was substituted for the word Geneva, because in Faleoner’s article 

of 1863, pp. 55, 56, occurs the following passage: 

The only other dental remains of this species [Hlephas (= Parelephas) columbi| which I have seen were some mutilated 

specimens of adult molars in the Musée Académique of Geneva. They were brought from Mexico, by M. H. de Saussure. No 

account of them, so far as I am aware, has as yet been brought out; and the notes which I took were of a general character, 

without entering on details. . . The same collection contained the cast of a magnificent specimen of an adult lower jaw of 

Mastodon Andium, invested with a very massive and elongated incisive beak, deflected downwards, and retaining the basal 

section of one very large incisor. The original was stated to have been found near Tlascala, and it appears to be the adult man- 

dibule of the same form, which yielded the younger specimen figured and described by Laurillard in d’Orbigny’s Voyage. 

The same Tlascala specimen, erroneously referred to ‘Mastodon andium,’ is mentioned by Felix and Lenk in 

1891, p 133, in the following footnote referring to Falconer, 1868: “Palaeont. Mem., Vol. II, p 74. Statt ‘Geneva’ 

(Genf) ist hier wohl aus Versehen ‘Genoa’ (Genua) gedruckt.” 

1Dr, Hans Georg Stehlin (letter, August 1, 1931) kindly located this cast (Fig. 448, lower) in the Muséum d'Histoire Naturelle of Geneva. 
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The subfamily Rhynchorostrine is the least known of all the bunomastodonts; only a few incomplete speci- 

mens are found in the museums of the United States and Mexico. From Africa comes the single type jaw of 

Rhynchotherium spenceri. Not a single dental or cranial fragment has thus far been recognized from the entire 

land mass of Europe and Asia, unless a lower jaw (Amer. Mus. 19415) from the Lower Siwaliks of India proves to 

be a true Rhynchotherium; it has been provisionally named Rhynchotherium chinjiense. Only recently have the 

highly distinctive characters of this subfamily been pointed out by the present author. The natural inference from 

this rarity of fossil remains is that throughout its entire history Rhynchotherium had a habitat quite different from 

RHYNCHOTHERIUM BREVIDENS 

43 natural ta 

AM 8137 P ae 
: ie Tage 

Fig. 449. Type and referred third 

superior grinding teeth of Rhynchotherium 

brevidens Cope. 
(Lower) Type (Amer. Mus. 8137), a 

third right superior molar, r.M®. 

(Upper) Referred (cast Amer. Mus. 
14560), a third left superior molar, 1.M°. 

Observe the extreme abbreviation of 
these grinding teeth, the not fully formed 

tetartoloph, the extreme thickness of the 

enamel, the median trefoil spurs, and the 
resemblance to Rhynchotherium anguiri- 

vale of the Snake Creek (Figs. 394, 465— 

Amer. Mus. 19248f,c, 21454). Observe two 

conelets only on each ridge-crest, also 
single internal trefoils. 

ation is a characteristic generic feature. 

that of Serridentinus, of Trilophodon, or of Tetra- 

lophodon—perhaps exclusively water loving and 

fluviatile, or, on the other hand, mountain loving 

and sequestered in high forest recesses as in the 

case of the existing mountain-loving tapir. The 

isolation of Rhynchotherium in its mountain-loving 

range is well illustrated in the accompanying map 

(Fig. 451). 

Rhynchotherium falls within the family Buno- 

mastodontide, because the valleys of the inferior 

grinders (ef. Fig. 452) are blocked in some species 
Fig. 450. “Rhynchorostrine 

types of lower jaw. 

A.—Rhynchotherium [Blickotheri- 
um] euhypodon Cope. B.—R. shepardi 

Leidy. C.—R. tlascalz, new species 
[now made the type of R. browni]. 

All figures 44, natural size.” 
After Osborn, 1921.515, fig. 2. 

by ‘central conules’ forming on prolonged wear 

‘trefoil spurs’ (Fig. 452 A2); therefore it is often 

difficult to distinguish a rhynchorostrine grinder, 

e.g., M 2 (ef. Fig. 455), from a trilophodont grinder; 

M 8 (superior or inferior) is, however, more readily 

distinguished by its abbreviated proportions (ef. Fig. 449, Rhynchothertum 

brevidens). Where the entire lower jaw is preserved (ef. Fig. 453) it is at once 

distinguishable by the sharp deflection of the rostrum, observed even in the 

primitive R. spenceri type (ef. Fig. 453A, Fig. 455), and beneath this deflected 

rostrum (to which the generic name Rhynchotherium or ‘beak jawed’ refers) the 

border is actually concave instead of convex asin T’rilophodon and Serridentinus. 

The beaklike abbreviation of the rostrum is less extreme in certain species, 

e.g., Rhynchotherium spenceri and R. [Blickotherium] euhypodon(?), than it is in 

other species, e.g., R. tlascale and R. falconeri. Doubtless progressive abbrevi- 

In the more primitive species the rostrum is more elongate, as in 

Serridentinus; in the more progressive species it is more abbreviate. 

Another progressive character is the loss of the second molars, M?-Mg, in the fully adult stage, e.g., R. 

|Blickotherium| euhypodon (Fig. 462), in which the entire grinding function rests with M?-Msg. 

The retention of fully functional lower as well as wpper incisive tusks doubtless relieved the grinding teeth 

of extreme complication; accordingly double trefoils are absent, only single evolve. The lophs remain extremely 

bunodont with no signs of progressive hypsodonty. The superior molars remain broad, abbreviated, and four 

crested, e.g., Rhynchotherium brevidens (Figs. 449, 458); the inferior molars very slowly acquire a fourth crest or 

tetartolophid (cf. Fig. 452, R. brown), and finally show the beginnings of a fifth crest, e.g., Rhynchotherium 

[Blickotherium| euhypodon and R. tlascale. With the above brief introduction the history of this subfamily may 

now be told in detail. 
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2. CHARACTERS OF THE SUBFAMILY RHYNCHOROSTRINA AND HISTORY OF DISCOVERY 

SUPERFAMILY: MASTODONTOIDEA Osborn, 1921 
FAMILY: BUNOMASTODONTID# Osborn, 1921 

SupraMity: RHYNCHOROSTRINAZ Osborn, 1918, 1921 

Original reference: Bull. Geol. Soc. Amer., 1918, Vol. XXIX, p. 136 (Osborn, 1918.468); Amer. Mus. Novitates, No. 1, Jan. 31, 
1921, p. 5 (Osborn, 1921.515). 

_ SUBFAMILY CHaRACTERS.—(1) Face of medium length, maxilla partly downturned. (2) Lower 
jaw of medium length, symphyseal portion strongly downturned. (3) Superior and inferior tusks 
persistently functional, laterally compressed, bending downwards and outwards, each with broad 
external enamel band; inferior tusks slightly upecurved. (4) Grinding teeth persistently simple, 
brachyodont, inferior ‘central conules’ variable, single trefoils only, relatively few ridge-crests not 
exceeding four plus superior, five inferior. (5) Functional grinders in adults finally reduced to one pair 
above and below, as in Stegomastodon mirificus. (6) Molar enamel thick. 

The subfamily Rhynchorostrine includes the fewest and the least known species, but in many respects it is 

one of the most interesting phyla of the Bunomastodontide. The genus Rhynchotherium was first recognized by 

Falconer (1856 MS., 1868, Vol. II, pp. 74, 75). The subfamily Rhynchorostrine was first recognized by Osborn 

(1918.468) as including not only the Rhynchotherium type of Mexico, but a number of rare species in the United 

States and Mexico, and now even in Egypt and possibly India, which had previously been identified as belonging 

to Mastodon, to Trilophodon, to Tetrabelodon (i.e., Tetralophodon), and to Dibelodon (i.e., Cordillerion). 

Hisrory OF THE GENUS.—The history and clarification of this very confused subject may be cited from 

Osborn (1918.468, pp. 135 and 136): 

Rhynchotherium from Mexico.—Extract of letter from Doctor Falconer to M. Lartet, September 12, 1856... . ‘At 

Genoa I saw a cast of a large lower jaw of a mastodon from Mexico, with an enormous bec abruptly deflected downwards and 

containing one very large lower incisor. The beak is much thicker than in M. (Trilophodon) angustidens and larger than in M. 

(Tetralophodon) longirostris. You know that every one (Laurillard, Gervais, etc.), has insisted on the absence of the lower 

incisors from both of the South American species. The outline of the jaw resembles very much the figure in Aleide D’Orbigny’s 

Voyage, described by Laurillard as M. Andium. The specimen is unpublished material and I was therefore only allowed to 

examine it very cursorily. The Genoese paleontologists had provisionally [i.e., in MS. labels] named it Rhynchotherium, 

from the enormous development of the beak, approaching Dinotherium.’ 

As noted above, it appears that Falconer saw this specimen in Geneva and not in Genoa, as part of the 

collection from Tlascala, Mexico. Attention is called to this by Felix and Lenk (1891). The cast of the jaw in 

the Museum of Geneva has been reproduced by Director Pierre Revilliod for the American Museum (see Fig. 

448, lower). 

(Osborn, 1918, p. 135): As shown also in the accompanying scheme, the bunomastodonts, which sprang from Palz- 

omastodon [Phiomia] of the Oligocene of northern Africa and possibly as well from Hemimastodon' of southern Asia, divide 

into three great, long-lived phyla, which may be distinguished as follows: 

Longirostral, long-jawed, typified by the species M. angustidens. 

Medirostral, beak-jawed, typified by Rhynchotherium. 
Brevirostral, short-jawed, typified by the species M. murificus. 

The long-jawed and short-jawed phyla of bunomastodonts are comparatively well known in Europe, Asia, North and South 

America. The beak-jawed phylum, typified by the genus and species Rhynchothertum tlaxcalz, ... is provisionally 

arranged, because there is some uncertainty as to the position of the species R. euhypodon Cope, R. (?) shepardi Leidy, and R. 

brevidens Cope. The rhynchotherines are readily distinguished by jaws of medium length, which tend to turn downward into 

a long, depressed beak, somewhat like that of Dinotherium, in which the lower canines [i.e., incisors] are laterally compressed, 

whereas in all the longirostral bunomastodonts the lower canines [incisors] are vertically compressed. 

(Osborn, op. cit., p. 136): There are also some reasons for separating the bunomastodonts into three phyla, which 

might be known as the Longirostrinz, Rhynchorostrine, and Brevirostrine, but this may be a somewhat premature opinion. 

'Error. The genus Hemimastodon Pilgrim is a member of the Suna. 
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The above paragraphs with up-to-the-present-date corrections indicated in[__] include Osborn’s 1918 review 

of the genus Rhynchotheriwm Falconer and the first mention of the subfamily Rhynchorostrine Osborn. The 

following is Osborn’s second treatment of the genus Rhynchothertum with more precise characters of the sub- 

family Rhynchorostrine (Osborn, 1921.515, pp. 5 and 6): 

The Rhynchorostrine. The type of this subfamily (Rhynchotherium Falconer, 1868) is a cast (observed in the Genoa 

[Geneva] Museum by Falconer) of a lower jaw from the Valley of Mexico; the jaw at the time had no specific or generic 
name. The original genotype may be termed Rhynchotherium tlascalz, new species, from the locality Tlascala. A similar 

specimen! [Amer. Mus. 15550] from Mexico is in the American Museum (Fig. 2 C [=Fig. 450 of present Memoir]). The 

present known range of these animals is Mexico (R. tlascale), California (R. shepardi Leidy), Colorado [Montana] (R. 

brevidens Cope), and Kansas [Nebraska] (R. euhypodon™! Cope). It is noteworthy that the Rhynchorostrines are geologically 

the earliest forms of proboscideans known in America, 1.e., 2. brevidens, R. proavus |= Serridentinus proavus in the present 

Memoir]. The presence of a species of this subfamily in Middle Miocene beds was recently confirmed by Loomis. 
The most distinctive feature of this phylum is the downturning of the symphysis, hence the name Rhynchotheriwm, or beak 

jawed. A second distinction is the retention of the enamel bands on the lower tusks, to which the specific name euhypodon 

Cope (i. e., perfect lower teeth) refers. A third distinctive character is the relative simplicity and small size of the third 

grinders, hence the specific name brevidens Cope, applied to the most ancient form discovered in America. It would appear 

that the retention of effective upper and lower tusks relieved the grinding teeth in which the evolution is relatively slow. 

The known geologic succession of species is: 

Rhynchotherium tlascalz, new species,""! 1921. Valley of Mexico [Sonoral. 

Rhynchotherium dinotherioides Andrews, 1909. N. W. Kansas. Pliocene. [=Trilophodon dinotherioides in the present 

Memoir. ] 

Rhynchotherium euhypodon"! Cope, 1884. Lower Pliocene of Kansas [Nebraska]. 

Rhynchotherium shepardi Leidy, 1871. Stanislaus County, California. ?Miocene. 

Rhynchotherium brevidens Cope, 1889. Middle [to Upper] Miocene, Deep River, Oregon [Montana]. 

?Rhynchotherium proavus Cope, 1873. Middle [Upper] Miocene, Pawnee Creek, Colorado. [=Serridentinus proavus in 

the present Memoir.] 

The maxilla is partly downturned, as well as the mandibular symphysis. Both the superior and inferior incisors are 
laterally compressed, bending downward and outward. The grinding teeth remain relatively simple, brachyodont, with pos- 

terior grinders not exceeding four and a half crests. The intermediate grinders are trilophodont. The grinding series is re- 

duced to $, + as in M. mirificus. 

The species ‘Mastodon’ dinotherioides Andrews was subsequently observed to belong to the phylum T7ri- 

lophodon, because of the length of the jaw and the complication of the posterior grinding teeth; it is fully described 

above in Chapter VIII, page 291. 

SUBFAMILY CHARACTERS.—It is interesting to observe how the three chief subfamily characters, as defined 

above, have been observed and noted one by one in the generic and successive specific names which have been 

applied to various members of this phylum: (1) Rhynchotherium implies the character ‘beak jawed,’ hence these 

animals may be known as the ‘beak-jawed mastodonts’; (2) the specific term Mastodon brevidens, applied by 

Cope to the Middle to Upper Miocene species Rhynchotherium brevidens, refers to the important subfamily 

characteristic of short and broad grinding teeth in contrast to the narrow grinding teeth distinctive of the species 

Trilophodon angustidens; (3) when Cope discovered lower tusks bearing enamel, he applied the specific name 

Mastodon euhypodon, signifying ‘perfect lower teeth,’ to the Lower Pliocene species Rhynchotherium euhypodon™!; 

(4) of the other specific names, Mastodon shepardi was assigned in honor of the owner of the material, Prof. C. N. 

Shepard, while the specific name R. anguirivale is purely geographic. 

TuHirD DEFINITION OF THE SUBFAMILY, OsBoRN, 1927.—In the successive observations of Falconer (1856, 
1868) and of Osborn (1918.468, 1921.515), four specific stages were grouped within the genus constituting this 
phylum, namely: 

‘Made the type of Rhynchotherium browni in the present Memoir (see p. 494). 

*Referred in the present Memoir to Frick’s new genus Blickotherium. 

_ 
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Rhynchotherium tlascale Osborn, 1918, Valley of Mexico. Type. Upper (?) Pliocene. 
Rhynchotherium tlascale Osborn, 1921, Sonora, Mexico. Neotype."! Upper (?) Pliocene. 
Mastodon shepardi Leidy, 1871, central California, Stanislaus County. Upper (?) Miocene. 

a Mastodon euhypodon"! Cope, 1884, Republican River beds, Driftwood Creek, Hitchcock County, Nebraska. Lower 
locene,. 

a Tetrabelodon brevidens Cope, 1889, Deep River beds, Smith River, Meagher County, Montana. Middle to Upper 
iocene. 

Having by comparison established the common characters and the evolutionary tendencies displayed in these 
four species, there remain, first, a number of other specific stages to be recognized or discovered, and second, the 
tracing of this phylum back into its Eurasiatic or Old World ancestry. 

ArricaNn(?) Ortetn.—The last object was somewhat doubtfully accomplished through the recognition of the 

Mastodon spenceri of Fourtau, 1918, from Moghara, Egypt, as a primitive North African member of this phylum; 
this hypothesis naturally requires confirmation by further examination of the original type of M. spenceri. Supple- 

menting this doubtfully placed species are several new specific stages clearly defined in the United States 

and Mexico together with the possible occurrence in India of the provisionally named species Rhynchotherium 

chinjiense. The history of discovery may now be summarized as follows: 

SPECIES OF RHYNCHOROSTRINA IN THEIR ORDER OF DISCOVERY AND DESCRIPTION 

See figure 451 

OrigiInaL NAME SpeciFric REFERENCE 

IN PRESENT MemorR 

1856-1868 Rhynchotherium recognized as a new genus by Falconer = Rhynchotherium 

1. 1871 Mastodon shepardi Leidy, Dry Creek, Stanislaus County, California = Rhynchotherium shepardi 

2. 1884 Mastodon euhypodon Cope, Trail Cafion, Driftwood Creek, Hitchcock County, 

Nebraska = Blickotherium euhypodon 

3. 1889 Tetrabelodon brevidens Cope, Smith River, Meagher County, Montana = Rhynchotherium brevidens 

4. 1918 Rhynchotherium tlascale Osborn, from near (?)Tlasecala, Valley of Mexico (Falconer’s 

Genoa [Geneva] cast, made by Osborn the Typx of Rhynchotherium) = Rhynchotherium tlascalz 

5. 1918 Mastodon spenceri Fourtau, Moghara, Egypt = Rhynchotherium(?) spenceri 

6. 1921 Trilophodon (Tetrabelodon) shepardi edensis Frick, Mt. Eden Hot Springs, San Ber- 

nardino County, California = Rhynchotherium shepardi edense 

6. 1922 Dibelodon edensis (Frick) Osborn, Mt. Eden Hot Springs, San Bernardino County, 
California =Rhynchotherium shepardi edense 

7. 1923 Rhynchotherium rectidens Osborn, Pawnee Buttes, Colorado = Rhynchotherium rectidens 

8. 1923 Rhynchotherium falconeri Osborn, Blanco formation, Llano Estacado, Texas = Rhynchotherium falconeri 

9. 1926 Rhynchotherium anguirivalis Osborn, Snake Creek B, Sioux County, western Nebraska = Rhynchotherium anguirivale 

10. 1926 Mammut francisi Hay, Pittbridge, Burleson County, Texas = Rhynchotherium francisi 

6. 1926 ?Rhynchotherium (Dibelodon) edensis Frick, Mt. Eden Hot Springs, San Bernardino 

County, California = Rhynchotherium shepardi edense 

6. 1927 Rhynchotherium paredensis Osborn, Mt. Eden Hot Springs, San Bernardino County, 

California = Rhynchotherium shepardi edense 

11. 1929 Rhynchotherium chinjiensis Osborn, near Chinji Bungalow, Lower Siwaliks, India = Rhynchotherium chinjiense 

1930 Rhynchotherium serpentirivale Hay, Snake Creek, Sioux County, Nebraska = Nomen nudum 

12. 1933 Blickotherium blicki Frick, near Tapasuma, Gracios, Honduras = Blickotherium blicki 

13. 1933 Aybelodon hondurensis Frick, near Tapasuma, Gracios, Honduras =Aybelodon hondurensis 

14. 1921-1935 Rhynchotherium tlascale Osborn, Neoryre, San José de Pimas, Sonora, Mexico = Rhynchotherium browni sp. nov. 

Examination of the characters and of the geographic distribution of the above fourteen species enables us to 

give a clear synopsis of the characters of Rhynchotherium and of the distribution of the subfamily Rhynchorostrine. 

1See footnote 1 on page 478. 
*See footnote 2 on page 478. 
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Fig. 451. Geographic distribution of species of the Rhynchorostrine. The white dots within the black areas represent the approximate localities 

where the types of these fourteen species were discovered. Geographic range (?) Egypt, (?) India, Montana to Texas, Mexico, and Honduras. The white 

crosses represent referred specimens mentioned in the present Memoir. 

1. Rhynchotherium shepardi, California 8. Rhynchotherium falconeri, Texas 
2. Blickotherium euhypodon, Nebraska 9. Rhynchotherium anguirivale, Nebraska 
3. Rhynchotherium brevidens, Montana 10. Rhynchotherium francisi, Texas 

4. Rhynchotherium tlascalz, Mexico 11. Rhynchotherium chinjiense, India 

5. Rhynchotherium spenceri, Egypt 12. Blickotherium blicki, Honduras 

6. Rhynchotherium shepardi edense, California 13. Aybelodon hondurensis, Honduras 

7. Rhynchotherium reclidens, Colorado 14. Rhynchotherium browni, Mexico 

3. CHARACTERS OF THE GENUS RHYNCHOTHERIUM AND SYNOPSIS OF THE ELEVEN 

INCLUDED SPECIES THUS FAR DISCOVERED 

Genus: RHYNCHOTHERIUM Falconer, 1856 (MS8.), 1863, 1868 

Original reference: Falconer (in Murchison), Palwontological Memoirs, 1868, Vol. II, pp. 74, 75. 

Genotypic Species: Rhynchotherium tlascale Osborn, 1918.468. 

Syn.: Dibelodon Cope, 1884, genotypic species Mastodon shepardi Leidy. By an unexpected application of the law of priority, Cope’s 

genus Dibelodon, 1884, founded on the genotypic species ‘ Mastodon’ shepardi Leidy, becomes a synonym of Rhynchotherium Falconer, 

1856-1868. Thus the generic name Dibelodon, very widely used in connection with the Andean mastodonts, becomes a nomen nudum. 

Kyown Gerocrapuic Rance: (?) North Africa (Egypt), (?)India, western and southern United States of America (California, 

Nebraska, Montana, Colorado, Texas), Mexico, and Honduras. 

Known Gerotocic Rance: Miocene of (?) Egypt, Mio-Pliocene of India, Middle to Upper Miocene of Montana, Upper 

Miocene-Upper Pliocene of California, Nebraska, Texas, Colorado, Mexico, and Honduras. 

GENERIC CHARACTERS.—There are eleven species which, with the possible exception of Mastodon 
spencert of the Middle Miocene, Moghara, northern Egypt, are certainly to be referred to this genus and 
which together enable us to establish on a sure foundation the generic distinctions of Rhynchotherium as 
follows: (1) Grinding teeth of bunomastodont type, relatively broad, simple, brachyodont; (2) inter- 
mediate grinders with three crests (like Trilophodon); (3) third superior grinders with three and a half 
to four plus erests, third inferior grinders not exceeding four and a half to five crests (R. anguirivale) ; 
(4) functional grinders in adults reduced to M 2—M 3, finally to M 3 (as in Stegomastodon mirificus and 
in progressive T’rilophodon, but unlike Serridentinus) ; (5) superior and inferior incisors, I?-I,, laterally com- 
pressed, with broad external enamel band, bent downwards and outwards; (6) face of medium length, 
maxilla partly downturned; (7) symphysis of lower jaw sharply downturned bearing two inferior 
tusks, each with broad enamel band (unlike T'rilophodon and Serridentinus); (8) single trefoils only; 
(9) inferior ‘central conules’ variable (Fig. 452), superior ‘central conules’ absent (Fig. 473). 
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As remarked above, we owe the recognition of this genus to the keen vision of Hugh Falconer in observing 

the cast in the Museum of Geneva (Fig. 448, lower). His original letter to Lartet, September 12, 1856 (Falconer, 

1868, Vol. II, pp. 74, 75) may be cited again (compare also Osborn, 1918.468, p. 136): 

‘At Genoa I saw a cast of a large lower jaw of a Mastodon from Mexico, with an enormous bec abruptly deflected 

downwards and containing one very large lower incisor. The beak is much thicker than in M. (Trilophodon) angustidens and 

larger than in M. (Tetralophodon) longirostris. You know that every one (Laurillard, Gervais, &c) has insisted on the absence 

R. browni 
Amer. Mus. 15550 

V8 nat. size 

Fig. 452. Type of Rhynchotherium browni sp. nov., formerly (1921) Osborn’s neotype 

of R. tlascalz (Amer. Mus. 15550), from near San José de Pimas, Sonora, Mexico. Observe 

lateral enamel band on slightly upcurved inferior tusks; also ridge formula, namely, M 13, 

M 23xu M 344. Trefoils on outer side only; crowns relatively broad, elongate. Observe two 

posterior conelets on Mz (=tetartolophid). Observe ‘central conules.” 

A, Right lateral aspect; Al, superior aspect. Both one-eighth natural size. 

A2, Grinding teeth enlarged to one-fourth natural size. 
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of the lower incisors from both of the South American species. The outline of the jaw resembles very much the figure in Alcide 

D’Orbigny’s Voyage, described by Laurillard as M. Andium. The specimen is unpublished material, and I was therefore only 

allowed to examine it very cursorily. The Genoese paleontologists had provisionally [i.e., in MS. labels] named it Rhyncho- 

therium. from the enormous development of the beak, approaching Dinotherium.’ 

The presence of Rhynchotherium in Mexico is abundantly confirmed by Barnum Brown’s discovery in 1911 of 

the jaw (Amer. Mus. 15550) which Osborn (1921) made the neotype' of the species Rhynchotherium tlascale, the 

specific name being of historic interest in connection with the Spanish Conquest. Consequently this specific name, 

given by Osborn after the historic town of Tlascala in the Valley of Mexico, is as follows (Osborn, 1918.468, p. 

135): 

The beak-jawed phylum, typified by the genus and species Rhynchotherium tlaxcale, . . . is provisionally arranged, 

because there is some uncertainty as to the position of the species R. euhypodon Cope, R.(?) shepardi Leidy, and R. brevidens 

Cope. The rhynchotherines are readily distinguished by jaws of medium length, which tend to turn downward into a long, 

depressed beak, somewhat like that of Dinotherium, in which the lower canines [i.e., incisors] are laterally compressed, whereas 

in all the longirostral bunomastodonts the lower canines [incisors] are vertically compressed. 

GENERIC AND SpEciFIc Distrinctions.—(1) The name of this genus implies ‘beak jawed,’ as expressed by 

Falconer. (2) Inasmuch as both the superior and inferior tusks are functional and covered on the sides with 

enamel, by the law of compensation the grinding teeth are relatively broad and short with few ridge-crests, as 

implied in the name M. brevidens applied by Cope to this Miocene species. (3) These animals are unique 

in the retention of an enamel band on the lower tusks as well as on the upper, as implied in the specific name euhy- 

podon (i.e., ‘perfect lower teeth’) applied to the Nebraska type by Cope. (4) It is not surprising that Leidy applied 

the noncommittal name M. shepardi to a fragment of a tusk from California which he described in 1871. We have 

succeeded in assembling the nearly complete upper tusks of his type specimen, reconstructed in figure 459; cer- 

tainly these tusks of MW. shepardi, except for their extreme narrowness, might readily be mistaken for those of a 

typical Miocene Trilophodon. 

Through the collection and examination of valuable additional material from the locality of San José de 

Pimas, Sonora, Mexico (neotype’ jaw, Amer. Mus. 15550—ef. Fig. 452), we now understand the full dental char- 

acters of the lower jaw in the genotypic species Rhynchotherium tlascale Osborn. A stage leading up to this very 

progressive species is R. falconeri of the Blanco formation, Upper Phocene, Texas (Fig. 468). Honduras yields 

the Tambla tooth (Fig. 454C), referred by Leidy, 1869, p. 242, to ‘Mastodon andium.’ It is regarded as certainly 

a member of the Rhynchorostrine and allied to Rhynchotherium browni of Sonora (cf. Fig. 452). 

PLIOCENE RHYNCHOTHERIUM IN Fioripa (W. D. MarruHew, Piprce, Fuoripa, Marcu 14, 1924).—The 

Floridian beds near Pierce and Brewster, Polk County, Florida, consist of pebble phosphates due to the work- 

ing over by the sea of phosphatic beds, and to subsequent concentration of the phosphatic pebbles into a basal 

conglomerate rich enough to pay working. The geologic age of this pebble-conglomerate is of early or middle 

Pliocene time. Fossils occur in this conglomerate including mostly marine animals but with some land animals, 

the remains of most of them having been rolled and broken. 

These fossils represent apparently three species of mastodonts—one, a Pliomastodon, the other two related 

to the ‘beak-jawed mastodont’ and comparable to Rhynchothertum euhypodon,’ with short jaw and heavy down- 

turned lower tusk; the intermediate molars, P 4—-M 2 inclusive, are of simple trilophodont structure with the 

characteristic type of molar cresting. 

‘Osborn’s neotype of Rhynchotherium tlascalz is herewith (p. 494) made the type of a new species, Rhynchotherium browni (see Figs. 452, 467). 

*(Simpson, 1930, p. 202) ‘‘The proboscideans of the Alachua and Bone Valley belong to two groups, the Serridentine and the Mastodontine. The 

rather rich collections examined do not contain any trace of Stegomastodon or Rhynchotherium. Some of the serridentine material suggests the latter genus 
but more complete specimens prove it to be absent in the known material. 



} 4. SUPPOSED GEOLOGIC ORDER OF SUCCESSION OF THE RHYNCHOROSTRIN-A,' 
? TERMINATING IN TEXAS, CALIFORNIA, MEXICO, AND HONDURAS 

| GroLoaic Succession.—To understand the phylogenetic characters, we may place the twelve! species in their 
descending geologic order, beginning at the top with the most recent stage, Rhynchotherium falconeri of Texas, 

and descending to the theoretically most ancient stage, R. spenceri of Egypt. 

Upper Pliocene Rhynchotherium falconeri Osborn, 1923, Blanco formation, Texas. Intermediate in size but slightly more 
progressive in abbreviation of the rostrum (Fig. 468). 

Upper Pliocene Rhynchotherium browni sp. nov., Sonora, Mexico. Based upon a lower jaw (Fig. 467). 

Upper(?) Pliocene Rhynchotherium tlascale Osborn, 1918, Valley of Mexico. Large and progressive species (Fig. 448). 

Upper Pliocene Rhynchotherium shepardi edense Frick, Mt. Eden Hot Springs, San Bernardino County, California. 
Based upon superior maxillaries and grinding teeth (Fig. 470). 

Pliocene Rhynchotherium francisi Hay, Brazos River, Pittbridge, Burleson Co., Texas. Based upon a third superior 
molar of the right side (Fig. 475). 

Lower Pliocene Rhynchotherium anguirivale Osborn, 1926, Snake Creek B (upper), Sioux County, western Nebraska. 
Based upon a third right inferior molar (Figs. 465 and 466). 

Lower Pliocene Rhynchotherium | Blickotherium| euhypodon Cope, 1884, Republican River beds, Nebraska. An aged in- 
dividual, M*-M; only in use (Fig. 462). 

Upper Miocene Rhynchotherium rectidens Osborn, 1923, near Pawnee Buttes, Weld County, Colorado. Based upon a pair 
of right and left superior tusks, nearly straight in contour (Fig. 461). 

Upper(?) Miocene Rhynchotherium shepardi Leidy, 1871, Stanislaus County, central California. Based upon fragments of 
right and left superior tusks (Fig. 459). 

Middle to Upper Miocene Rhynchotherium brevidens Cope, 1889, Smith River, Montana. Based upon a third right superior grinding 
tooth (Figs. 456 and 457). 

Mio-Pliocene Rhynchotherium chinjiense Osborn, 1929. Based upon left ramus with Me, Ms; in situ (Fig. 476). 

Middle Miocene Rhynchotherium spenceri Fourtau, 1918, Moghara, Egypt. Based upon a lower jaw with downturned 
symphysis and laterally compressed incisive alveoli (Fig. 455). 

PERSISTENT AND PROGRESSIVE CHARACTERS.—Among the persistent characters in this phylum are: (1) The 

enamel band on the inferior and superior tusks; (2) the active functional use of the inferior as well as of the 

superior tusks in peculiar uprooting habits, which were probably quite distinct from those in the long-jawed species 

of Trilophodon; (3) persistent and simple third superior and inferior grinding teeth, brachyodont, with single 

trefoils. Among the progressive characters are: (1) Progressive increase in size; (2) gradual loss of the functional 

use of M 1, M 2, thus, in an advanced stage, throwing the entire grinding function on M 3. 

CoMPARATIVE PROPORTIONS OF RHYNCHOTHERIUM AND SERRIDENTINUS GRINDERS 

Mi M, ; M; ; M* 

Molar Series Right Left Right Left Right Left Right Left 

M 1-M3 ap. tr. I. ap. tr. I. ap. tr. I. ap. tr. I. ap. tr. I ap. tr. lL. ap ty GL apate & 

R.b } 98 67 68 .. .. .. 136e100 74e .. 97 .. 176 96 55 180e 96 S8e .. 

R. aconeri ons 4s 6. 18380 77 =58e18le:79e -60e 173. 80 46 168 80 aa . 

R. anguirivale 7 ae ee ee oO 52 ) BIS RS" Aone eee -. 163e 83 5ile 

R. [B.] euhypodon ee ae”, aa. 2 aie een eles 182 78 43.179 96 54179 103 58 
R. shepardi ref. So) Pe ae ee ee a ee 1 162.5 72.5 45 5 

R. brevidens ‘ 

Mere Mieelantiype)..  -: .- ee] te ee te PO Er ce en ee nt > 

Merusri4oGOK(ref.).. «. <2 +2 ts 6s te te ne we veh aol hn ee 

R. shepardi edense . 

Amer. Mus. 18225 (Frick Coll.) mee Juhl, «35 ee CR 176 80.4, cise een ee cea 

Univ. Calif. 23501 (type). eee ee oe svi dies cakatlien ane ieee nn 
_ 8. serridens 

Amer. Mus. 10673 (ref.)92 62 67 .. .. .. 139 69 50 
S. product ‘ 

ae Mu: Mus, 10582 (ref.).. .. .. .. .. .. 124¢75 @Oe.. .. .. 168 76 47 .. .. .. 142 85 60 

‘Two additional species, Blickotherium blickt Frick and Aybelodon hondurensis Frick, from the Pliocene of Honduras, were added in the year 1933, 

making fourteen in all. 
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GrinpinG Tretu.—The grinding teeth in these two genera are not harmonic with the tusks. It appears that, 

allowing for the very marked differences in proportion and indices caused by crushing, the grinding teeth in 
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Fig. 453. Observe contrast in M3: Rhynchotherium with 3-4+ ridge- 

crests; Trilophodon with 4-5! ridge-crests. 
E, Type jaw of Trilophodon dinotherioides Andrews (Brit. Mus. M. 9778), 

Kansas. After Andrews, 1909.1, p. 348. 
D, R. browni sp. noy. (Amer. Mus. 15550), formerly the neotype of R. 

tlascale Osborn, 1921. From Sonora, Mexico, American Museum Expe- 
dition of 1911, collected by Barnum Brown. 

C, Type of R. falconeri Osborn, 1923 (Amer. Mus. Cope Coll. 8532), Blanco 
formation, Texas. A specimen originally referred by Cope to Tetrabelodon 
shepardii. 

B, Type of R. [Blickotherium| euhypodon Cope, 1884 (Amer. Mus. Cope 
Coll. 8528), Trail Cation, south fork of Driftwood Creek, Hitchcock County, 
Nebraska. 

A, Type of R. spenceri Fourtau, 1918. Originally described and figured as 
Mastodon spenceri. Yrom the Moghara Desert, Egypt. 

Rhynchotherium are substantially similar in proportion 

to those of Serridentinus. The breadth-length indices 

of the third inferior molar in R. browni (=53), in R. 

falconerit (=48), and in R. [= Blickotherium] euhypodon 

(=43) show that in R. ewhypodon the third upper and 

lower molars are unusually narrow, namely, index 43 

of M3. 

outer view 

Yo nat. 5/ze 

A.M./2388 Cast 

RHYNCHOTHERIUM SHEPARDI 
Ref. 

Fig. 454. RuyYNCHOTHERIUM FROM CALIFORNIA (A, B) anp TamBLa, 

Honpuras (C), DrscRIBED By LEIDY 

Both one-half natural size 
A, B, Last lower molar of the right side, r.M; (Amherst Coll.; cast Amer. 

Mus. 12388), from Contra Costa County, California; described by Leidy, 1873, 

p. 235, as almost identical with the molar, also from Contra Costa County, 

figured by him as ‘ Mastodon’ obscurus on Pl. xx1, figs. 1, 2—figure 469 of the 

present Memoir. [=Rhynchotherium shepardi ref.] 

C, ‘Last superior [inferior] molar of the left side,” 1.M® [I.Ms], in the Mu- 
seum of the Academy of Natural Sciences, Philadelphia, from Tambla, Hon- 

duras; figured and described by Leidy, 1869, Pl. xxvu, fig. 14, and p. 424, as 
possibly referable to ‘Mastodon andium.’ Meas.: ap. 156 mm., tr. 84 mm., 

index, 54. [=Rhynchotherium browni ref.] 



5. SYNOPSIS OF SPECIFIC CHARACTERS OF THE MIOCENE SPECIES 

Rhynchotherium spenceri Fourtau, 1918 

Figures 453, 455, 477, 478, and 482 

Middle Miocene, Moghara Desert, northern Egypt. 

It will be a matter of extraordinary interest if the Mastodon 

spenceri of Fourtau proves on further examination to be a member 
of the Rhynchotherium phylum, thus carrying the phylum back to 

an African source. It will be observed in the following complete 

citation from Fourtau’s description that he distinguished this type 
jaw from that of M. angustidens by the downturned symphysis, 

. “ce fragment ne saurait étre rattaché au M. anqustidens dont 

Type or RHYNCHOTHERIUM SPENCERI 

Fig. 455. Type of Mastodon Spenceri Fourtau, 1918, figs. 60 and 61. From the desert 

of Moghara, Egypt. 
(Fig. 60, lower) Crown view of the type molar, M2, one-half natural siz 

upper) Lateral aspect of the type jaw, one-fourth natural size. This type is also figured in 

comparison with the American Rhynchorostrines and reduced to the same scale (Fig. 453), 

demonstrating that it is not improbably a primitive Rhynchorostrine, which should be 

known as Rhynchotherium spenceri. Observe the very large foramen in anterior portion of 

jaw opposite symphysis. 

’ 
la symphyse mentonniére n’est nullement déjetée vers le bas.’ 

He also speaks of the development of a posterior talon or rudimen- 
tary tetartolophid in M» as evidence of a tendency to pass into the 

T. longirostris type. 
Mastodon Spenceri, Fourtau, 1918. 

des Vertébrés Miocénes de |’Egypte.” Ministry of Finance, 

Egypt. Surv. Dept., 1918, pp. 89-91. Typre.—(Op. cit., 

p. 89): “Deuxiéme molaire inférieure de droite vue par la face 

triturante.” (Op. cit., p. 90): ‘“Branche droite de la mandi- 

bule.” Horizon AND Locauity.—Moghara, northern Egypt, 

Middle Miocene. Typr Ficure.—Op. cit., p. 89, fig. 60, p. 

90, fig. 61. 

“Contribution a l’Etude 

48 
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Type Description.—(Fourtau, 1918, p. 89): “Le Lieutenant 
Robert Spencer, du Denbighshire Hussards Yeomanry, a recueilli 
& la base de |’escarpement de Moghara une mandibule de masto- 

donte fort incompléte, il est vrai, mais présentant des caractéres 

trés particuliers qui me paraissent justifier la création d’une 

coupure & part dans le groupe des trilophodontes. Ce spécimen 

est constitué par la branche droite de la mandibule dont la partie 

postérieure est absente et par la symphyse A peu prés compléte 

des deux branches. Comme dentition, nous avons Mz droite en 

assez bon état.” 

(Op. cit., 1918, p. 91): “Rapports et Différences.—Tel qu’il 
est, ce fragment ne saurait étre rattaché au M. angustidens dont la 

symphyse mentonniére n’est nullement déjetée vers le bas. II 

ne saurait non plus étre rattaché au M. longirostris dont la denti- 

tion est nettement tétralophodonte, mais on peut y voir, A mon 

avis, une forme établissant le passage entre ces deux espéces. Le 

développement du talon postérieur de Mz est évidemment un pas- 

sage 4 la dentition tétralophodonte et le déjet de la symphyse nous 

améne au type du Miocéne supérieur de la vallée du Rhéne et 

d’Eppelsheim, bien que ce déjet soit plus prononeé sur notre animal. 

Nous devons done considérer cette piéce comme une 

forme nouvelle que je dédie A son inventeur le Lieuten- 

ant Robert Spencer.” 

(Op. cit., 1918, p. 91): “OBSERVATIONS GENERALES 

SUR LES PROBOSCIDIENS DU GISEMENT DE MoGHara.— 

Le gisement de Moghara est certainement le plus riche 

gisement de mastodontes de l'Afrique du Nord od, 

jusqu’A présent, on ne connaissait que quelques 

localités d’Algérie (Smendou et tranchée de la route de 

Chabet el Ameur a Isserville) et de Tunisie (Kenchela 
et massif du Cherichira), localités qui n’ont, en somme, 

fourni que quelques débris. Des fouilles méthodiques 

i Moghara donneront certainement de nombreuses 

piéces. Mais il est un fait assez bizarre A constater, 

c’est l’absence totale de restes de Dinotherium, le com- 

Il sem- 

blerait done que ces animaux ne sont pas d'origine 

africaine, et que les restes signalés dans l’Ouganda et 

en Ethiopie, . . . [Footnote: ‘E. Haug. —Traité de 

Géologie, tome II (2), p. 1727.’] A des horizons bien 

supérieurs, proviendraient d’une migration postérieure 

pagnon habituel des mastodontes miocénes. 
(Fig. 61, 

Ad l’apparition des Dinothertum en Asie et en Europe.” 

Rhynchotherium brevidens Cope, 1889 

Figures 449, 456-458 

Deep River horizon, Smith River, Meagher County, Montana, Middle to 

Upper Miocene, “Ticholeptus bed of Cope,” correlated in time with the 

Pawnee Creek of northeastern Colorado and the Mascall of Oregon. 

Thespecies Rhynchotherium brevidens (1889) is of approximately 

the same geologic age as the species described above as Serri- 

dentinus proavus (1873) and below as Rhynchotherium rectidens 

(1923). The type molar of R. brevidens is very clearly distinguished 

by its broad, low crown from the type molar of S. proavus. 

Tetrabelodon brevidens Cope, 1889. ‘The Proboscidia.’’ Amer 

Nat., Vol. XXIII, 1889, pp. 198-202. Type.—Third right 
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superior molar, r.M*. Amer. Mus. Cope Coll. 8137. Horizon 

anp LocaLity.—Smith River, Meagher County, Montana, Deep 

River horizon, ‘‘Ticholeptus bed of Cope.”’ The Ticholeptus bed 

of Montana, otherwise known as the Deep River of Montana, is of 

Middle to Upper Miocene age, correlated in time with the Pawnee 

Creek beds of Colorado which yielded the type of Mastodon 

proavus Cope. Tyre Ficure.—Op. cit., Cope, 1889.2, p. 

201, fig. 5. 
Spreciric CHARACTERS (Cope, 1889.2, pp. 201, 202) —(1) The 

geologically oldest North American species. (2) Very simple type 

of molar, the last superior molar (type) with but three cross-crests 

and a heel, a smaller number than exists in any other species of the 
genus [Tetrabelodon]. (3) Tooth wide; crests low. Length 154 

mm.; width at second crest, 98 mm.; index 64; elevation of second 

R. brevidens 
Amer. Mus. 8137 Type 

r.m3 

Fic. 5. 
‘molar; from Ticholeptus bed of Montana. 
natural size. Original. 

Tetrabelodon brevidens Cope; last superior 
Four-ninths 

Tyre Ricur Tarrp Superior Movar or RHYNCHOTHERIUM BREVIDENS 

PROBOSCIDEA 

species is based. The length of this tooth, 154 mm., in comparison 

with the width, 98 mm., at the second crest gives us a breadth- 

length index of 64, as compared with a breadth-length index of 51 

in Trilophodon angustidens and of 60 in Serridentinus productus. 
REFERRED SUPERIOR Moar FROM EASTERN WASHINGTON.— 

The fortunate discovery by Dr. John P. Buwalda of a third superior 

molar of the left side, 1.M* (Amer. Mus. 14560) enables us to 

give the characters and measurements of this referred superior 
tooth supplementing those clearly shown in the type figures. 

Al {inner view) 

(inner view) Al 

R. brevidens 
Drawn from cast Amer. Mus. 14560 Ref. 

A2 ‘outer view) 1/3 nat. size 

(outer view) A2 

Fig. 458. Referred Rhynchotherium 

brevidens, third superior molar of the left 

side, 1.M°, from eastern Washington. 
Original in University of Washington. 

After a cast (Amer. Mus. 14560) presented 

by Dr. John P. Buwalda. Observe the 
Fig. 456. Type figure of Tetrabelodon brevidens 

Cope, 1889. Amer. Mus. Cope Coll. 8137. After 

original woodcut engraving published by Cope in his 

paper on “The Proboscidia’’ (Cope, 1889.2), p. 201, 
fig. 5, four-ninths natural size. 

A third superior molar of the right side, r.M*. 

Compare with R. brevidens ref. (cast Amer. Mus. 

14560) shown in figures 449 and 458. 

Fig. 457. New figure of type molar of 

Tetrabelodon brevidens Cope, from the 

Middle to Upper Miocene ‘Ticholeptus 

bed of Cope,’ Montana, transferred by 

Osborn to Rhynchotherium brevidens. Last 

right superior molar with trefoils on inner 

side. One-third natural size. 

A, Crown view; Al, inner view; A2, 

strong trefoils on the internal side of the 

crown, the strong internal cingulum; 

strong protoloph, metaloph, tritoloph, 
rugose tetartoloph; brachyodont. One- 

third natural size. Compare with type 

(Fig. 456) of Rhynchotherium brevidens, 

r.M’, which is reduced to four-ninths 

natural size; compare also with type of R. 
outer view. 

crest, 54 mm. Lobes divided by longitudinal fissure. (4) Internal 

lobes bearing trefoils on crests one and two only. Internal border 
with well-defined cingulum or ledge. (5) Reduced number of 
crests indicates its primitive character, hence the presence of well- 
developed lower incisor teeth is suspected. (6) Probably ancestral 
to M. americanus. 

Osborn, 1924: The original (Fig. 456) and new (Fig. 457) type 
figures illustrate very clearly the extreme abbreyiation and sim- 
plicity of the third right superior molar tooth, r.M%, on which this 

anguirivale (Fig. 465). 

The length of this superior tooth, 160 mm., in comparison with the 

maximum width at the anterior crest, 92 mm., gives us a breadth- 

length index of 57 for M3, as compared with a breadth-length index 

of 64 for the type M®. 

While the reference of this superior molar (Fig. 458) to Rhyn- 

chotherium brevidens requires confirmation by the discovery of 

associated upper and lower jaws and teeth, there is nothing in the 

above measurements, proportions, and indices to preclude the 

present specifie reference. 



THE RHYNCHOROSTRIN#: 

M. shepardi Le 

ey 

Amherst 124 Type 

BI rev. «enamel 

enamel — 

1/4 nat size 

Ricut anp Lerr Superior Tusks oF RHYNCHOTHERIUM SHEPARDI 
RECONSTRUCTED 

Fig. 459. New figures of the type tusks of Mastodon shepardi 

Leidy, as reconstructed by Osborn in 1922, from the Amherst and Yale 

type specimens belonging to one individual (cast Amer. Mus. 21908). 

A, Amherst Mus. 124: Fragment of left superior tusk originally 

figured by Leidy as the type (see Fig. 460). 
A1, B3, Amherst Mus. 124 and Yale Mus. 11919: A composite of 

the Amherst (A) and Yale (B2) type specimens, the Yale Museum 

fragment reversed. 
A2, Section of Amherst Mus. 124: Leidy’s original type frag- 

ment showing broad outer enamel band and ‘engine turning’ of the 

dentine. 
B, End of right upper tusk viewed from above (Yale Mus. 11919). 

B1, External view of same fragment. 

B2, Proximal fragment of same tusk (Yale Mus. 11919). 

Rhynchotherium shepardi Leidy, 1871 

Figures 459 and 460 

Dry Creek, Stanislaus County, California, Upper (?) Mio- 

cene. The Ione formation referred to in the text below, named 

after Ione village, California, is of late Tertiary age, chiefly 

non-marine. 

This species of the genus Rhynchothertum was 

the first to be discovered in North America, receiv- 

ing its name “ Mastodon shepardi” Leidy, 1871, from 

its original owner. Professor Shepard was mineralogist 

at Amherst College from about 1851 to 1871. This 

type has had a remarkable history; two eastern 

museums, Amherst and Yale, claim the honor of 

possessing it. When the type tusk fragments from 

these two museums were brought together through 

the courtesy of Professor Loomis and Professor Lull, 

it was found possible to restore both superior tusks, as represented 

in figure 459. 

Mastodon shepardi Leidy, 1871. Note on Mastodon remains in 

the Warren Museum, the museum at Cambridge, and at Amherst 

College, and on a new species of Mastodon. Proc. Acad. Nat. 

Sci., Phila., Vol. XXII (1870), p. 98 (published March 14, 

1871). Typr.—(Leidy, op. cit., p. 98): . . . “fragment of a 

tusk from ‘Dry Creek,’ Stanislaus Co., California.” Collection of 

L. G. Yates, Museum of Amherst College, No. 124. (Osborn, 
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1924): Four fragments of both superior tusks belonging to the 
same individual, originally collected in Stanislaus County, Cali- 

fornia (Amherst Museum 124; Yale Museum 11919 

figure 459. 

, a8 shown in 

{EFERRED 

Pl. xx1, figs. 1, 2: 

** Mastodon obscurus ” Leidy . 1873, pp 232, 235, 

Last lower molar of the left side, natural size 

Specimen discovered by Dr. Lorenzo G. Yates, in Contra Costa 

County, California, and now in the Museum of Amherst College’ 

lef. A. M. 12388, Fig. 454, also Fig. 469]. This third lower grinding 

tooth of the left side, figured by Leidy on the same plate with the 

type tusk of ‘M.’ shepardi, may be referable to Rhynchotherium 

shepardi, although it belongs to a different individual and comes from 

another county; it resembles in proportion the 2. anguirivale type 

(Fig. 465) as well as in the possession of simple external trefoils 
Horizon AND Locauity.—(Leidy, 1871.1, p. 98): Dry Creek, 

Stanislaus County, California. Dr. J.C. Merriam (letter, January 

2, 1923) writes: “I am in doubt whether we can be sure of the 

geologic level of Dry Creek, Stanislaus County. California, but | 

am writing to Dr. Stock to ask if he and Dr. Buwalda will see if 

together they cannot form some idea of the age of this occurrence.” 

Doctor Stock (letter, January 29, 1923) writes: “Dr. Buwalda 

and I have gone into the matter of geological occurrence of Rhyn- 

chotherium shepardi. There is no record here, apparently, no 

further information than that which may be gleaned from Lind- 

gren’s Summary of the Tertiary Gravels of the Sierra Nevada. 

On Lindgren’s map of the northern part of the Sierra Nevada 

(pl. 1, Prof. Paper 73, U.S. G.S.), the locality cited by Professor 

Osborn as Dry Creek, Stanislaus County, occurs in an area which 

has not been mapped. However, it is flanked on each side by a 

band of Ione [formation] and the inference would be that the 

mastodon material came from one of the horizons of the Cenozoic 

sections. I doubt, and Dr. Buwalda concurs with me, that we are 

Tyre or RHYNCHOTHERIUM SHEPARDI 

Fig. 460. Original type figure of Mastodon shepardi Leidy, 1871. After Leidy, 1873.1, PI. 

xx1, fig. 3 (tusk), fig. 4 (section), Amherst Mus. 124. See new figure 459A, Al, A2. 

in a position at present to determine accurately the horizon from 

which R. shepardi has come.” Tyre Ficure.—Leidy, 

1873.1, Pl. xx1, figs. 3, 4. 

Type Description.—(Leidy, 1871.1, p. 98): “The fragment 

is six inches in length, is slightly curved in two directions, and in 

transverse section is ovate with the anterior pole acute. The pulp 

opening half the diameter at the broken base of the speci- 
: cavity, 

men, extends about half its length to the end. The convex sk 

of the tusk possesses, as in Mastodon angustidens, a broad band of 
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enamel, which reaches from the acute edge more than two-thirds 

the depth of the surface. The enamel is somewhat rugose and is 

two-thirds of a line thick. At one spot, towards the smaller end 

of the fragment, it has been irregularly worn through for the extent 

of about an inch and a half. The opposite side of the specimen, 

from the acute edge, has been worn off to an extent about equal to 

two-fifths of the surface. The broken ends of the fragment exhibit 

very conspicuously the beautiful arrangement of decussating 

curved lines so characteristic of the ivory in the tusks of the great 

proboscidians. The vertical diameter of the base of the fragment 

is 28 lines, the transverse diameter 19 lines; the vertical diameter 

at the opposite end is 22 lines, the transverse diameter 16 lines. 

The entire length of the tusk appears to have been less than two 

feet. . For the name of the species I would propose that of 

Mastodon shepardi, in honor of Prof. C. N. Shepard, whose 

name has so long been identified with the interests of natural 

history.” 

Osborn, 1924: We observe that the original fragment (A, Al, 

A2) of the left superior tusk, named by Leidy Mastodon shepardi, 

actually represents a Rhynchotherium shepardi. Thus we have four 

type fragments of two tusks belonging to the same individual, 

originally collected in Stanislaus County, California, loaned for 

purposes of identification and reconstruction through the courtesy 

of Dr. F. B. Loomis of Amherst and of Dr. R.S. Lull of Yale. For- 

tunately, therefore, our search has brought together the type 
fragments of the two upper tusks of R. shepardi, but no additional 

parts of this animal have been recovered and the actual geologic 

locality where this type was found is unknown. The lateral com- 

pression of the tusk, as shown in A2, leads us to relate this animal 

to the genus Rhynchotherium rather than to Serridentinus, al- 

though it is important to observe, as in the case of R. rectidens, 

that generic identification by means of the superior tusks alone is 

not absolutely reliable and it is possible that the species M. shepardi 

may subsequently prove to belong in the Serridentinus phylum. 

ERRONEOUS REFERENCES 

(Corr, 1893.1).—The specimen from the Blanco formation of 

Texas referred to Tetrabelodon shepardii by Cope (1893.1, p. 57, 

Pl. xv) does not belong to this species and has been renamed by 

Osborn Rhynchotherium falconeri. 

(WaGnerR, 1899).—The jaw from Phillips County, Kansas, 

in the University of Kansas Museum, described by Wagner 

(1899, p. 99) as Tetracaulodon (Tetrabelodon) Shepardii Cope (op. 

cit., Pls. xxIv, xxv), is certainly not a Rhynchotherium and con- 

sequently cannot be referred to the species shepardi; it is referable 
rather to a species of T’rilophodon, in view of the measurements and 
index of the last inferior molar, namely, anteroposterior diameter 
180 mm., transverse diameter 64 mm., index 36. Wagner’s 
erroneous reference is undoubtedly due to the erroneous reference 
given by Cope of M. shepardi (Cope, 1893.1, p. 57, Pl. xxtv). 

Consequently we know of no original or supplementary mate- 
rial at present which will enable us to amplify the characters of 
‘Mastodon’ shepardi Leidy and positively to determine whether it 
belongs to Rhynchotherium or to Serridentinus, unless it be the infe- 
rior molars from Contra Costa County, California (Figs. 454, 469). 

PROBOSCIDEA 

Rhynchotherium rectidens Osborn, 1923 

Figures 461 and 481 

Hight miles west of Pawnee Buttes, Weld County, Colorado, Upper 

Miocene, Pawnee Creek horizon. 

As shown in figure 461, the type consists of the right and left 

superior tusks. These type tusks were found by Dr. W. D. 

Matthew on August 22, 1901, in the Upper Miocene, Pawnee 

Creek horizon, Colorado, a locality rendered well known by the 

explorations of Cope and of Matthew and by the discovery of 

remains of several species of Merychippus, of Parahippus, of Hypo- 

hippus, and of the camels Protolabis, Alticamelus, and the canid 

Amer. Mus. 9366 

Fig. 461. Type right and left upper tusks of Rhynchotherium rectidens 
Osborn, 1923, from Pawnee Buttes, Upper Miocene of Colorado (Amer. 

Mus. 9366). One-fourth natural size. 

A, Superior view of left upper tusk. 

Al, External view of same. 
A2, Inferior aspect of same. 

B, Top view of right upper tusk. 

Amphicyon. The type of Mastodon proavus Cope, which in this 

Memoir is referred to Serridentinus proavus, came from the same 

locality, and probably from the same level of Pawnee Creek, 

consequently it is possible that these tusks may be referable to 
the genus Serridentinus. The type description is as follows: 

Rhynchotherium rectidens Osborn, 1923. ‘New Subfamily, 
Generic, and Specifie Stages in the Evolution of the Probo- 

scidea.”” Amer. Mus. Novitates, No. 99, December 27, 1923, 

io Bh Typr.—Right and left upper tusks (Amer. Mus. 

9366). Horizon anv Locatiry.—Eight miles west of Pawnee 

Buttes, Weld County, Colorado, on Davis’ ranch, Upper Miocene, 
Pawnee Creek horizon. Type Ficure.—Figures 461 and 

481 of the present Memoir. 



THE RHYNCHOROSTRINA: RHYNCHOTHERIUM 

Type Description.—(Osborn, 1923.601, p. 3): “In compari- 

son with the upper tusks of Rhynchotherium shepardi Leidy (1) the 

R. rectidens tusks are nearly straight in superior view, while those 

of R. shepardi are curved; (2) the enamel band in R. rectidens is 

much narrower than that in R. shepardi; (3) in external view the 

downcurving of the tusks in R. rectidens is much less than that in R. 
shepardi. Thespecific stage is simpler than the Lower Pliocene R."! 

euhypodon Cope from the Republican River, Kansas {[Nebraska].”’ 

Osborn, 1924: Comparison with the Rhynchotherium 
[=Blickotherium| euhypodon type from the Republican River 

beds, Lower Pliocene of Nebraska, proves that R. rectidens, like 

R. shepardi, was probably in a Miocene stage of evolution. While 

the marked lateral compression relates these tusks to Rhyncho- 
theriwm rather than to Serridentinus, it is well to keep in mind 

489 

the possibility that the type of R. rectidens may be related to a 

specific form of Serridentinus and ultimately prove to be syn- 

onymous with the Serridentinus proavus of the Pawnee Creek beds. 

Tusxs.—The following comparative measurements are ex- 

tremely important, because there are marked similarities in the 

superior incisive tusks of both Rhynchotherium and Serridentinus; 

it is difficult, for example, to distinguish the restored tusks of 

Mastodon |=Rhynchotherium| shepardi Leidy from the tusks of 

Serridentinus productus; the superior tusks have the same general 

shape in both genera; the R. shepardi tusks, however, are nar- 

rower in cross-section, deeper in anteroposterior or vertical 

section, index 69 to 70; the S. productus tusks are relatively 

broader in transverse section, equally deep in anteroposterior 
section, index 80-84. 

ComPaRATIVE DIAMETERS AND PROPORTIONS OF RHYNCHOTHERIUM AND SERRIDENTINUS TUSKS 

Right Tusk Left Tusk 
Totallength ant.-post. trans. Index ant.-post. trans. Index 

external to jaw  diams. diams. diams. _diams. 
Rhynchotherium browni type 

Lower tusk broken in mid-section 270+ 98 46 47 
Rhynchotherium! euhypodon type 

Superior tusk 8 in. from tip 482(575) 69 52 75 
Rhynchotherium shepardi type 

Superior tusk 8 in. from tip 350e 62 36 69 49 35 71 
s “12 in. from tip PR 58 41 70 7 car An 

Rhynchotherium rectidens type 
Superior tusk 8 in. from tip 404 56 47 84 53 47 89 

ab “12 in. from tip 59 45 76 at re sf 
Serridentinus productus ref. 

Superior tusk 8 in. from tip 412 50 40 80 
ou *« 12 in. from tip 37 31 84 

6. SYNOPSIS OF SPECIFIC CHARACTERS OF THE PLIOCENE SPECIES 

Blickotherium euhypodon’ Cope, 1884 
Figures 450, 453, 462-464, 481 

Republican River beds, Lower Pliocene, Trail Cafon, south fork of 

Driftwood Creek, Hitchcock County, Nebraska. 

The type was discovered by one of Cope’s collectors, Frank 

Hazard, near Culbertson, Hitchcock County, Nebraska, on March 

23, 1880, and was worked out during the succeeding fortnight, 

March 23 to April 6, as shown in the Hazard diary now preserved 
in the American Museum with the Cope Collection. The materials 
certainly belonging to the type (‘“‘Mastodon, specimen No. 9”’) 

include half of the lower jaw with Ms, palate with M‘ of both sides, 

and right superior and left inferior tusks—all comprised in Amer. 

Mus. Cope Coll. 8528, as represented in our new figure of the type 

(Fig. 462). Hazard found four other tusks, probably belonging to 

another individual. He speaks of the lower jaw containing one 

incisor tooth not articulated (Cope, 1889.2, Pl. x1mm—our Fig. 463). 

The ridge formula is: M 344. Mf is relatively broad, while Ms 

is relatively narrow, a difference of proportion not observable in 

Rhynchotherium brevidens but observed in the third inferior molars 

of R. browni (Fig. 467) and of R. falconeri (Fig. 468). Observe 

the laterally flattened section of the superior incisive tusks in 

figure 464, which is quite distinct from the ovate section of 

‘Mastodon’ shepardi Leidy, as represented in figures 460 and 

459. 
The Lower Pliocene type of Blickotherium euhypodon, as 

illustrated in figure 462, is the first specimen recorded in America 

in which one of the superior tusks and both grinding teeth are 

positively associated with the ramus of the jaw and the third lower 

grinder. This specimen is therefore priceless, in enabling us to 

correlate the characters of the superior and inferior tusks, of the 

superior and inferior grinding teeth, of the palate, and of the jaw. 
These characters are clearly displayed in the new type figure (Fig. 

462), whereas the original type figures of Cope (Figs. 463, 464) are 

misleading, especially in the position and restoration of the inferior 

incisive teeth from another individual, as shown in figure 463 (PI. 

x11), reproduced below. We therefore open this description with 

the new type figure. 

M. [Mastodon] euhypodon Cope, 1884.1. “The Mastodons 

of North America.” Amer. Nat., Vol. XVIII, 1884, p. 

525. Type (FIDE Cope).—A nearly perfect left mandibular 

ramus with last molar, Ms, also the entire palate with last superior 

molars, M’. There are four tusks, two upper and two lower, each 

‘Referred by Osborn in the present Memoir to the genus Blickotherium Frick, 1933, possibly ancestral to Blickotherium blicki of Honduras (see Fig. 482, 

p. 512, below). 
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1/24 nat. size or ~ a. 1/4 nat. size 

Tusk rev, = —/ 

B. euhypodon 
Amer. Mus. 8528 Type 

1/8 nat. size 

Typr or BLICKOTHERIUM EUHYPODON 

Fig. 462. New type figure of Mastodon euhypodon Cope (Amer. Mus. Cope Coll. 8528), 

from Trail Cafion, south fork of Driftwood Creek, Hitchcock Co., Neb. Jaws one-eighth 
natural size; teeth one-fourth natural size; restoration of cranium one twenty-fourth 
natural size. Observe that it is an aged individual, M? erupted, M* deeply worn. 

A, Palatal view. A1, Left lateral view of skull fragment and jaw with left inferior tusk. 
A2, Dotted outline of restored skull conjectural, showing upturned inferior incisors. A3, 

Tetralophodont left. M°. 

with an enamel band on the outer, convex side, corresponding 
with other Rhynchorostrines, a most important type. Amer. 
Mus. Cope. Coll. 8528. Horizon anv Locatiry.—(Cope, 
1889.2, p. 204): “From the Loup Fork bed of Kansas”’ [i.e., 
Republican River beds]. The actual locality of the specimen is in 
Nebraska, Trail Cafion, south fork of Driftwood Creek, Hitchcock 
County. This geologic level is the Pliauchenia-Peraceras zone of 
Osborn, yielding also the medilongirostral species Tetralophodon 
campester, and is now regarded as the summit of the Lower Plio- 
cene. Type Ficure.—Cope, 1889.2, p. 203, fig. 7, and Pl. 
xm {erroneous drawing]. Tyre Descriprion.—(Cope, 
1884.1, p. 525): ‘Founded on a nearly perfect left mandibular 

A4, Narrow tetralophodont+ left M3. 

ramus with last molar tooth and [left lower] tusk, with entire palate 

with both last molar teeth and tusks [one tusk now missing]. 

The superior tusks are small and have an enamel band, and the 

inferior tusks are large and have an enamel band. Superior tusks 

compressed; inferior cylindric. The jaws indicate a small species, 

but the molar teeth are as large as those of the larger American 

form of M. angustidens, and as long as that of M. ohioticus, but 

narrower. Its symphysis is not prolonged. Length of ramus 

posterior to symphysis, M. .500; of last lower molar, .182; width 

of do., .75. The mental tusk is much larger than that of 
M. productus or M. angustidens. Diameter of its alveolus, .068. 

Kansas. Frank Hazard.” 



THE RHYNCHOROSTRINA: RHYNCHOTHERIUM 491 

PLATE XIII 

Tetrabelodon euhypodon Cope. 

Fig. 463. Type of Mastodon euhypodon Cope, 1884, about two-thirteenths natural size. Amer. Mus. Cope Coll. 8528. 
After Cope, 1889.2, Pl. x11. Observe more accurate representation of the type left mandible and incisive tusk in figure 462; also 

four and a half crested third inferior molar. {= Blickotherium euhypodon.| 

Core’s SUPPLEMENTARY DescripTion.—(Cope, 1889.2, p. 

204): “There are several marked peculiarities in this species. The 

symphysis is remarkably short, when we consider the large size 

of the inferior tusks. The superior tusks are remarkably compressed 

for a considerable part of their length distally, having a vertically 

oval section.” 
Osborn, 1924: We observe that Cope’s type description above 

does not correspond with Cope’s supplementary description in 

respect to the proportions and characters of the superior and in- 

ferior tusks. Consequently we must restate the characters of the 

type specimen (Amer. Mus. Cope Coll. 8528) from the existing 

type materials as identified in figure 462: 
Superior tusk, exposed length 482(575) mm. 

Anteroposterior (vertical) diameter 85 
Transverse diameter 55 

Inferior tusk, exposed length 265 
Anteroposterior (vertical) diameter 50 

Transverse diameter 46 

Third superior molar, M®, 

Anteroposterior diameter (right) 179-179 (left) 

Transverse diameter (right) 96-103 (left) 

Index (right) 54—- 58 (left) 

Third inferior molar, Ms, 

Anteroposterior diameter 182 (left) 

Transverse diameter 78 (left) 

Index 43 (left) 

Fic. 7. Tetrabelodon euhypodon Cope; Loup Fork bed of Kansas. Rhynchotherium anguirivale’ Osborn, 1926 
Palate with superior molars and superior incisors, of individual repre- 

sented in Plate XIII; one-seventh natural size. Original. Figures 394, 465, and 466 

Lower Pliocene, Snake Creek B horizon (upper), Sioux County, Nebraska. 

Fig 464. Type figure of Mastodon euhypodon Cope, 1884, about In Rhynchotherium anguirivale of Lower Pliocene age = 

two-thirteenths natural size. Amer. Mus. Cope Coll. 8528. After third inferior molar (Fig. 465) is larger and more massive, with 

Cope, 1889.2, p. 203, fig. 7, figured as T'etrabelodon euhypodon. thicker enamel, than the type of R. [Blickotherium]| euhypodon 

Tyre oF BLICKOTHERIUM EUHYPODON 

'Gomphotherium serpentirivale Hay, 1930, new name, undefined, equals ?synonym of Rhynchotherium anguirivale Osborn (see Hay, 1930, p. 639). 



492 OSBORN: THE 

(Figs. 462, 463); the rudimentary fifth lobe or pentalophid is 

slightly more progressive; two conelets are observed on the 

internal cones (Figs. 465 and 466), unlike Serridentinus. 

It would appear that Rhynchotherium anguirivale was the larg- 

est mastodont of Snake Creek B (upper) times. As clearly shown 

in the composite drawing (Fig. 394), the five quarries of the 

R. ANQUIRIVALIS 
S 

A./M7./9250 7ype 

‘p at: size 

Fig. 465. Type of Rhynchotherium anguirivale (Amer. Mus. 19250), 

Snake Creek, Pliocene of Nebraska. After Osborn, 1926.706 p. 13, fig. 11. 

One-half natural size. A third inferior molar of the right side, r.M3. For re- 

ferred grinders from the same horizon, see figures 394 and 466. 

Snake Creek B horizon (upper), of Sioux County, western Nebraska, 

yield isolated, usually fractured, and partly water-worn grinding 

teeth and tusks of mastodonts belonging to three different genera 

and as many species, the contrasting characters of which are repre- 

sented in this composite drawing (Fig. 394). The grinding teeth 
of the true Mastodontine, specific stage Pliomastodon matthewi, 

are sharply lophoid with the most rudimentary trefoil spur ridges. 

The grinding teeth of the Serridentine, stage Serridentinus anguiri- 

valis, are also lophoid with trefoil spurs arising from the internal 

side of the superior molars. The grinding teeth of the Brevirostri- 

nz, stage Stegomastodon nebrascensis,! are by contrast bunodont, 

ptychodont or much folded, and chcerodont or tuberculated, 

with single trefoil spurs. The grinding teeth of the Rhynchorostri- 

nz are bunolophodont with single trefoils, extremely thick enamel, 

and of surpassing size. Observe the very wide contrast (a) be- 

tween the smooth, thin enamel of Pliomastodon, (b) the very thick, 
smooth enamel and blunt cones of Rhynchotherium, (c) the folded, 
cheerodont enamel of Stegomastodon,! (d) the thin, high-crested 
enamel of Serridentinus. These contrasts indicate that the Snake 
Creek B (upper) mastodonts were washed in from many different 
local feeding habitats. 

Rhynchotherium anguirivalis Osborn, 1926. ‘ Additional New 
Genera and Species of the Mastodontoid Proboscidea.’”’? Amer. 
Mus. Novitates, No. 238, Nov. 30, p. 13. Tyrr.—Amer. Mus. 
19250. A well-worn third right inferior molar, r.Ms. Hort- 
ZON AND Locatity.—Snake Creek B horizon (upper), Lower 
Pliocene, Sioux County, western Nebraska, Quarry 3 (Olcott 
Hill). Tyr Ficure.—Op. cit., Osborn, 1926.706, p. 13, fig. 11. 

Tyre Description.—(Osborn, 1926.706, p. 13): (1) Type 
third inferior molar with four and a third ridge-crests, tetartolophid 
much narrower than tritolophid, the narrow pentalophid repre- 

7 Mz 
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sented by four irregular conelets. (2) Number of superior ridge- 

crests uncertain, probably the same as in the Rhynchotherium 

brevidens type. (3) Enamel extremely thick and massive, without 

folding. (4) Inferior molars with single external median trefoils, 

superior molars with single internal median trefoils, no trace of 

double trefoils. (5) Molars low crowned, brachyodont. (6) Meas- 

A] 19248f 2m3 

A.M 19248 c 

Zms3 

Fref 

RHYNCHOTHERIUM ANGUIRIVALIS 
AMM 2/453 ue 

Fig. 466. Type and referred grinding teeth of Rhynchotherium anguiri- 
vale from the Snake Creek B horizon (upper), Sioux County, western 

Nebraska, one-third natural size. Compare figure 394. 

Amer. Mus. 19250, type, a well-worn right third inferior grinding 

tooth, r.M3, exhibiting four and a half ridge-crests. 

Amer. Mus. 19248f, referred, anterior half of a well-worn left third 

superior molar, 1.M?’. 

Amer. Mus. 21454, referred, anterior portion of a less worn left third 

superior molar, 1.M°. 

Amer. Mus. 19248c, referred, posterior half of a left third superior 
molar, 1.M®, showing part of three crests and a half-formed posterior crest. 

Amer. Mus. 21453, referred, left second superior premolar, 1. P?. 

urements of r.M3, ap. 214 mm., tr. max. 98 mm., of 1.M’, ap. 163e 

mm., tr. max. 83 mm. 

These specific characters and measurements fully serve to 

distinguish Rhynchotherium anguirivale of the Snake Creek of 

Nebraska from R. brevidens of Montana and Washington; it 

would appear that the third superior molar in R. anguirivale is 

somewhat less broad and massive than that of R. brevidens; it 

would also appear possible that the third superior molar of R. 

anguirivale has the fourth additional crest or tetartoloph more fully 
"Stegomastodon nebrascensis now proves to be Serridentinus (Ocalientinus?) nebrascensis, subfamily Serridentine (p. 473 above). 
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developed than in R. brevidens, but on this point we must await the 
evidence which will be afforded by a complete third superior 
molar; the third inferior molar resembles in its stage of develop- 
ment that of R. [Blickotherium] euhypodon (Fig. 462). 

RHYNCHOROSTRINES OF MEXICO 

The Middle Miocene to Upper Pliocene Rhynchorostrines, 
namely, Rhynchotherium spenceri of Egypt, R. chinjiense of India, 

R. brevidens of Montana, R. shepardi of northern California, R. 

rectidens of Colorado, R. [Blickotherium] euhypodon of central 

Nebraska, &. anguirivale of western Nebraska, and R. shepardi 

edense of southern California, are the rarest of all the bunomasto- 

donts, probably because of forest-living habits. 

Rhynchotherium tlascalw# Osborn, 1918, 1921 

Figures 447, 448, 477, 478, and 482 

Probably Upper Pliocene. Type from Tlascala, Valley of Mexico. 
The reader is referred to pages 475 and 477 of the present Memoir 

for the first mention by Falconer (1863, pp. 55, 56, 1868, Vol. II, p. 74) of 
Tlascala, Valley of Mexico, as the type locality of Rhynchotherium; also to 
page 507 for supplementary observations. 

We now pass to the more progressive Upper Pliocene Rhyncho- 

therium tlascalz of the Valley of Mexico recorded from Tlascala 

(Falconer, 1863, see pages 475, 477 of the present Memoir) and 

originally characterized by Falconer as ‘‘a magnificent speci- 
men of an adult lower jaw of Mastodon Andium, invested with a 
very massive and elongated incisive beak, deflected downwards, 
and retaining the basal section of one very large incisor’ (Fig. 

448). 
The name tlascale was first used in 1918 (Osborn, 1918.468, 

table opp. p. 134). Onasubsequent page (p. 135) the name appears 

tlaxcale. In the definition and neotype! description of the species 
(Osborn, 1921.515, pp. 5, 6) the name also appears as tlascalz. 

The name tlaxcalz therefore is a nomen nudum. The appropriate- 

ness of this name arises from the fact that the original genotype 
lower jaw (cast in Muséum d’Histoire Naturelle of Geneva, Fig. 

448) is said to have come from near Tlascala, Valley of Mexico; 
the neotype! lower jaw (Amer. Mus. 15550) comes from another 

locality, namely, San José de Pimas, Sonora, Mexico. 
Rhynchotherium tlascalez Osborn, 1918. “A Long-Jawed Masto- 

don Skeleton from South Dakota and Phylogeny of the Probo- 

scidea.’”’ Bull. Geol. Soc. Amer., Vol. XXIX, March, pp. 134, 135. 

Rhynchotherium tlascalez Osborn, 1921. ‘The Evolution, 

Phylogeny, and Classification of the Proboscidea.’’ Amer. Mus. 

Novitates, No. 1, pp. 5, 6. 
Typr.—Lower jaw from the Valley of Mexico, said to have 

come from near Tlascala; the cast in the Geneva Museum is du- 

plicated in the American Museum (Amer. Mus. 27003). NEo- 
tTyPE'.—Lower jaw (Amer. Mus. 15550) chosen by Osborn (1921. 

515, pp. 5, 6) as a neotype of the genus and species Rhynchotherium 

tlascale Osborn, 1918. Horizon aNnp Locauiry or NEo- 

TyPE.—Found a quarter of a mile above San José de Pimas, 

Sonora, Mexico, by Dr. Barnum Brown during a reconnoissance 

for the American Museum in 1911, and believed to correspond 

with the misplaced or lost cast referred to by Falconer as in 
the Genoa Museum (Geneva Museum), and which he (Fal- 
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coner) described as the type of his genus Rhynchotherium. 
Neotyre Ficure.—Osborn, 1921.515, p. 6, fig. 2C (=R. browni 
sp. nov., Fig. 450C of the present Memoir). 

A second right superior molar, r.M? (Amer. Mus. 15550), 
belonging to the neotype, presents the very broad and short dimen- 
sions (ap. 134 mm., tr. 95 mm., index 71) characteristic of this 

genus; it also exhibits three transverse ridge-crests, with very 

thick enamel, single internal trefoils, and crenulated spur extending 
outwards from the postero-internal border; it is mounted opposite 
1.M, of the neotype jaw. 

Neotyre' Description.—(Osborn, 1921.515, pp. 5, 6): 

“The type of this subfamily (Rhynchotherium Falconer, 1868) is a 

cast (observed in the Genoa [Geneva] Museum by Falconer) of a 

lower jaw from the Valley of Mexico; the jaw at the time had no 

specific or generic name. The original genotype may be termed 

Rhynchotherium tlascale, new species, from the locality Tlascala. 

A similar [neotype'] specimen [Amer. Mus. 15550] from Mexico is in 

the American Museum (Fig. 2C). The present known range of 

these animals is Mexico (R. tlascalz), California (R. shepardi Leidy), 

Colorado [Montana] (F. brevidens Cope), and Kansas [Nebraska] 
(R. euhypodon Cope). ... The maxilla is partly downturned, 

as well as the mandibular symphysis. Both the superior and in- 

ferior incisors are laterally compressed, bending downward and out- 

ward. The grinding teeth remain relatively simple, brachyodont, 

with posterior grinders not exceeding four and a half crests. The 

intermediate grinders are trilophodont. The grinding series is 

reduced to §, ¢ as in M. mirificus.” 

Osborn, 1924: The neotype' jaw of Rhynchotherium Uascale 

(Amer. Mus. 15550) collected by Mr. Brown near San José de 

Pimas, Sonora, Mexico, in 1911, is the finest jaw pertaining to 

this genus which we possess and adds a number of interesting and 

significant characters. First, we observe that the rostrum is short 
and sharply deflected (unlike that of Trilophodon dinotherioides, 

Fig. 453) and forms a very firm insertion for the inferior incisive 

tusks, each of which is provided with a very distinct enamel band. 

These tusks are slightly upcurved or concave on the superior surface 

and correspondingly convex on the inferior surface; this curvature 

affords the tusks greater strength in the uprooting habits of the 

animal. As seen from above (Fig. 467 Al) the inferior tusks 

slightly converge from each other so that they must have been 

spread apart at the extremities. 
The superior view gives an excellent impression of the short 

symphysis, in wide contrast to the elongate symphysis in all species 

of Trilophodon. At the age of this individual (see Al, A2) the 

anterior grinders, Mi, are greatly worn, the median grinders, Ms, 

are less worn, and in the posterior grinders the protolophid only 

is worn. The third inferior molar, Ms, is relatively much narrower 

than in Rhynchotherium brevidens and might readily be mistaken 

as pertaining to a true species of Trilophodon; it has single external 

trefoils, no internal trefoils; the crown is brachyodont; both the 

intermediate molars, M,-2, are trilophodont. Consequently this 

entire inferior dentition would naturally be referred to a member of 

the genus T'rilophodon, that is, without the knowledge of the highly 

characteristic rostrum and the unique lower incisive tusks with their 

distinct enamel bands. In the table above the measurements and 

1Made the type in the present Memoir of Rhynchotherium browni (see p. 494, also Figs. 448, 452, 467, 478, 482). 
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R. browni 
Amer. Mus. 15550 

1/8 nat. size 

Ai 

1/4 nat. size 

Fig. 467. Type jaw of Rhynchotherium browni sp. nov., formerly (1921) Osborn’s 
neotype of Rhynchotherium tlascale (Amer. Mus. 15550), from near San José de Pimas, 
Sonora, Mexico. Observe lateral enamel band on slightly upcurved inferior tusks; also 
ridge formula, namely, M1z, M 23% M 37. Trefoils on outer side only; crown rela- 
tively narrow, elongate. Observe two posterior conelets on Mp (=tetartolophid). 

A, Right lateral aspect; Al, superior aspect. Both one-eighth natural size. 
A2, Grinding teeth enlarged to one-fourth natural size. 

indices of Ms of the left side are compared with those of Rhyncho- 
therium [Blickotherium| euhypodon and R. falconeri; in the present 

Rhynchotherium browni sp. nov. 

Figures 448, 452, 467, 478, 482 

From San José de Pimas, Sonora, Mexico. Upper Pliocene. 

The mandible shown in the adjacent figure 467, de- 
scribed as the neotype (Osborn, 1921.515, pp. 5, 6, Fig. 2C) 

of Rhynchotherium tlascale, now proves, on comparison 

with the rediscovered type as shown in the frontispiece to 

the present chapter (Fig. 448) and still more clearly in 

the comparative mandible figure (Fig. 482B), to be en- 

tirely different in proportions from the genotype of Rhyn- 

chotherium tlascale (Fig. 482A). Consequently it can no 

longer serve as a neotype but may be selected as the type 

of a new species, Rhynchotherium browni, named in honor 

of Dr. Barnum Brown, in further recognition of his fine 

explorations in Mexico. This type mandible of R. browni 

is figured in comparison with the much more elongate 

mandible of R. tlascalx, also in comparison with the more 

abbreviate mandible of R. falconert, in figures 478 and 482. 

To the full neotype description on the previous page 

may be added the characterization given in the legends of 

figures 478 and 482, namely: 

Specific CHaRAcTERS.—Mandible relatively elon- 

gate as compared with Rhynchotherium falconeri (482D), 

symphysis obliquely depressed, relatively short, incisors 

laterally compressed or deeply oval, with broad external 

enamel band. M, subtrilophoid with rudimentary trilophid, 

ap. 98 mm., tr. 67 mm., index 68; Mb fully trilophoid, 

with rudimentary basal cone, ap. 136e mm., tr. 100 mm., 

index 74e; Ms: tetralophoid, with narrow two-coned tetar- 

tolophid, ap. 176 mm., tr. 96 mm., index 55. Ramus stout. 

Horizon.—Of especial interest are the notes of Barnum 

Brown as to the discovery of the specimen, as follows: 
The mandible and upper molar were exposed in the cut bank 

of a stream and apparently there had been an associated 

skull, but a flood a short time previously had washed the 

skull away and destroyed it. 

Rhynchotherium falconeri Osborn, 1923 

Figures 453, 468, 478, and 482 

Upper Pliocene, Blanco formation, Mt. Blanco, Llano Estacado, 

Texas. 

Rhynchotherium falconeri (Fig. 468A) appears to be 

the most progressive species of Rhynchorostrine in the 

abbreviated and sharply downturned rostrum, which is 

decidedly shorter than the rostrum of R. browni (Fig. 
467A); the four crested third inferior molars (Fig. 468A1), 

on the contrary, are somewhat less progressive than the 

corresponding teeth in R. browni (Fig. 467) and R. dnguirivale 

instance the measurements of the molars are as follows: (Fig. 465); the thickened enamel, prominent external trefoils, and 

R. browni R. tlascalz double conelets on the internal cones appear to be very similar 

Inrerior Mouars r.M; r.Ms r.M; 1.Mz in all three species, namely, R. anguirivale (Fig. 465), R. browns 
Anteroposterior diameter 98 - 136e 176 180e (Fig. 467), and R. falconeri (Fig. 468). Consequently R. falconert 

Transverse diameter 67 100 96 99 appears to be one of the last representatives of its race. 
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This fine type jaw (Amer. Mus. Cope Coll. 8532) was originally 
described and figured by Cope as Tetrabelodon shepardii I eidy 

(Cope, 1893.1, Pl. xv). On recognition by Osborn of the presence 

of a number of types of Rhynchotherium in the American formations, 

all the rhynchorostrine characters were observed in this jaw and 

R. falooneri 
Amer. Mus. 8532 Type 

1/4 nat, size 

Fig. 468. Type jaw of Rhynchotherium falconeri Osborn, 1923 
(Amer. Mus. Cope Coll. 8532), found at Mt. Blanco, Llano Estacado, 

Texas. Jaws (A) one-eighth natural size; teeth (Al) one-fourth 

natural size. Compare Cope, 1893.1, Pl. xv, figured as ‘‘ 7'etrabelodon 

shepardii, Leidy.” 

Osborn thereupon made it the type of a new species, Rhyncho- 
therium falconeri, named in honor of Dr. Hugh Falconer who first 

recognized the generic distinctions of Rhynchotherium. The type 

description is as follows: 
Rhynchotherium falconeri Osborn, 1923.601. ‘New Subfamily, 

Generic, and Specific Stages in the Evolution of the Proboscidea.” 
Amer. Mus. Novitates, No. 99, December 27, pp. 3, 4. TyPE.— 

A lower jaw (Amer. Mus. Cope Coll. 8532). HoRIzON AND 
Locauity.—Found at Mt. Blanco, Llano Estacado, Texas, Blanco 
formation, Upper Pliocene. Tyre Ficure.—Figure 468 of 
the present Memoir. Originally figured by Cope in 1893 (Cope 

1893.1, Pl. xv) as Tetrabelodon shepardii Leidy. 

Typr Description.—(Osborn, 1923.601, pp. 3, 4): “Type, a 

lower jaw (Amer. Mus. Cope Coll. 8532) found at Mt. Blanco, 
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Llano Estacado, Texas. 
was of advanced years; 

Upper Pliocene. The type individual 

the outer face of the left lower incisor is 

abraded and no enamel is seen; Mz trilophodont, Ms tetralopho- 
dont, with external trefoils; jaws stout, lower beak sharply down- 
curved. Named in honor of Hugh Falconer who first recognized 
the generic distinctness of Rhynchotherium.” 

It is important to compare the measurements and indices of 
Ms; with those of the corresponding tooth of R. [Blickotherium| 
euhypodon (Fig. 462), R. brown (Fig. 467), and R. chinjiense (Fig. 
476). 

Turd Lerr’ &.[B.Jeuhypo- R. browni R.fal-  R. chin- 

INFERIOR MoLar don coneri Jiense 

Anteroposterior 

diameter 182 176 168 200 

Greatest trans- 

verse diameter 78 96 80 92 

Breadth-length 

index 43 55 48 46 

Osborn, 1924: The type of the species Rhynchotherium falconeri 

is a thoroughly characteristic specimen; the rostrum is very short 

and sharply deflected and accords closely with Falconer’s descrip- 

tion of the genotype jaw of Rhynchotherium. The individual 

is of advanced years, the crown of M2 being thoroughly abraded, 

while all four crests of M; are coming into use. We observe that 

the outer face of the left inferior incisor (A) is abraded so that no 
enamel appears, the enamel band being worn or broken away. 

The pattern of the grinding teeth is typical of Rhynchotherium, 

namely, M2 trilophodont, Ms; tetralophodont, external trefoils and 

no internal or external cingula; a rudimentary pair of cones 

suggests the beginnings of a pentalophid. 

RuHYNCHOTHERIUM FROM Contra Costa County, CALIFORNIA 

Fig. 469. “Last lower molar of the left side,” LM, 

(Amherst Coll.), from Oak Springs, Contra Costa County, 

California, referred by Leidy to ‘Mastodon obscurus.’ Crown 

and outer views. After Leidy, 1873, Pl. xx1, figs. 1, 2; see 

also page 232. Compare figure 454 of the present Memoir. 
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ERRATUM, JUNE, 1931 

The following description by Osborn of Rhynchotherium 

shepardi edense, based on the grinding teeth (Fig. 470), is 

erroneous in including as a paratype the superior incisive tusks 

(Figs. 471, 523) which prove to belong to a distinct genus and 

species (Cordillerion edensis), as fully described in the succeeding 

chapter (XII). The reader is therefore warned to concentrate 

on the description and measurements of the grinding teeth 

only, as representative of Rhynchotherium, and to disregard 

the ‘‘finely preserved [superior] rostrum and tusks’’ (Figs. 471, 

523) which are now transferred to, and correctly described in, 

Chapter XII as the type of Cordillerion edensis. 

Rhynchotherium shepardi edense Frick, 1921 

Figures 470, 473, 474, 477-479, 481, 482 

Eden formation, Mt. Eden Hot Springs, San Bernardino County, southern 

California. Upper Pliocene, but somewhat more ancient geologically than the 

Blanco (fide Frick, 1921). See page 507 for supplementary observations. 

Syn.: Rhynchotherium paredensis Osborn, 1929. 

The type of the species edensis was first described by Frick in 
1921 as a subspecies of Trilophodon (Tetrabelodon) shepardi from 

the specimens illustrated in figures 470 and 471 of the present 

Memoir. On the recovery from the same horizon of the complete 
rostrum and tusks (portions of which were described in Frick’s 

bulletin of 1921), Osborn (1922.564) renamed this animal Dibelodon 

edensis (now, 1935 =Cordillerion edensis). Subsequently Frick 
(1926, p. 169) referred to the animal as ?Rhynchotheriwm (Dibelodon) 

edensis. In the present Memoir, Osborn renames the animal 

Rhynchotherium shepardi edense. 

History.—The superb type specimens (Fig. 470) of R. shep. 

edense were described by Frick in 1921. The complete rostrum 

and tusks of Cordillerion (Osborn, 1922.564—Fig. 523, Al, A2, of 

the present Memoir) confirm the evidence afforded by Hay’s types 

of Gomphotherium gratum, Anancus orarius, and A. defloccatus, 
as well as Gidley’s type of Anancus bensonensis, of the presence of 

the genus Cordillerion in the southwestern part of the United 
States. The admirable figures of the trilophodont grinding teeth 

reproduced in the original type figure (Fig. 470) are shown to 

compare closely with those of Rhynchotherium. But the closest 
resemblance to Cordillerion is afforded by the finely preserved 
rostrum and tusks reproduced in figure 523 (A1, A2) side by side 
with those of Cordillerion andium (B). 

When the type maxillaries and M* (Fig. 470) were first 
discovered, the three-crested intermediate grinders with single 
trefoils naturally led to its reference to the genus T'rilopho- 
don, and the broken portion of a tusk with single enamel 
band suggested its relationship to Mastodon shepardi Leidy; 
consequently it was described by Frick as Trilophodon (Tetrabelo- 
don) shepardi edensis. When the characters of the animal be- 
came more fully known by the recovery of the distal portions 
of the tusks (Fig. 523) referred to in Frick’s original description 
(footnote, p. 408) and regarded as presumably of the same individ- 
ual as the type, these tusks were described by Osborn as belonging 
to Dibelodon edensis, because of the spiral enamel band, a term 
now replaced by Cordillerion edensis. 

OSBORN: THE PROBOSCIDEA 

Frick, 1926.—In a second communication (1926, pp. 169- 
176) Frick reviewed the history of these specimens from the Eden 

quarry and made the important additional observation of the 

presence in the same quarry of ‘an immature mandible with well- 

developed, downward-deflected beak and tusk, and a slightly more 

immature maxillary specimen with dentition of apparently corre- 

sponding form” resembling Rhynchother‘um. Consequently he felt 

it preferable (op. czt., p. 171) to refer all the Eden material to the 

genus Rhynchotherium. Osborn erroneously (1929.797, p. 6) 
made this “immature mandible” and maxillary specimen (Fig. 

474) the type of Rhynchotherium paredensis which now proves to 

be a synonym of R. shepardi edense. 

FRICK’S ORIGINAL DESCRIPTION OF 1921 

Trilophodon (Tetrabelodon) shepardi edensis Frick, 1921. 

“Extinct Vertebrate Faunas of the Badlands of Bautista Creek 

and San Timoteo Cafion, Southern California.’”’ Univ. Calif. 

Publ., Geology, Vol. XII, No. 5, December 28, 1921, pp. 

405-409. Typr.—(Op. cit., p. 405): “The portion of a 
skull and posterior maxillaries, containing the last molar of the 

left side and a section of that of the right side, Univ. Calif. Coll. 

Vert. Pal. no. 23501 (fig. 160); two associated molars from the left 

and the right side respectively, Univ. Calif. Coll. Vert. Pal. 

23503, 23504 (figs. 164, 162); and portions of premaxilla and tusks, 

Univ. Calif. Coll. Vert. Pal. no. 24047 (pl. 50), all from Univ. 

Calif. loc. 3269. [Univ. Calif. 24047 = Cordillerion edensis type.]” 
“REFERRED MaTertau.—A lower molar, no. 23502 (fig. 165); 

portions of a worn upper molar, no. 23505 (fig. 161); parts of three 

worn molars, nos. 24049, 23507; a small premolar, no. 23506 (fig. 

163); the distal portion of a small tusk, no. 24050 (fig. 159); the 

proximal section of a large tusk (specimen not retained, loc. 3265); 

portions of the supraorbital ridge, no. 24051, loc. 3266, of two 

scapulz, and various limb and foot elements. All in Univ. Calif. 

Coll. Vert. Pal.; all from Univ. Calif. loc. 3269, unless otherwise 

specified.” 

“CHARACTERS.—The last molar with but four main transverse 

crests, the intermediate molars with three; the comparative sim- 

plicity of the tubercular arrangement, the lack of lateral cingula, 

and small size of the fourth crest and posterior extremity of the 

last molar; in moderately abraded teeth, the uniform trefoil char- 

acter of the pattern of the outer lobes in the upper and of the 

inner lobes in the lower, and the single oval form of the correspond- 

ing opposite lobes in both. . . . [p. 409] Comparison.—tIn the 

three crests of the intermediate, the four crests of the last molars, 

and the simple pattern of the tubercles the Eden specimens differ 
markedly from the complex four-crested intermediate, and six- 

crested last molars of Tetralophodon mirificus Leidy of the Niobrara 

and 7’. campester Cope of the Blanco. In the presence of but three 
transverse crests in the intermediate teeth, the new material comes 

within Matthew’s recent definition of the genus Trilophodon 

[Footnote: ‘Matthew, W. D. Tertiary Mammalia Cope and 

Matthew, explanation plate 120. 1915.’] as distinguished from 

Tetralophodon. The Eden teeth lack the elaborated complex 

pattern and tuberculated cingula of Trilophodon floridanus Leidy. 



The last molar of the new type specimen somewhat suggests the 
last lower molar from the San Joaquin Valley of California 
described by Leidy and tentatively referred by him to his type 
Tetrabelodon shepardi [Footnote, ‘Leidy, Jos. Proc. Acad. Nat. 
Sci. Phil., pp. 98 and 99. Sept., 1870, and U.S. G. S. of Terrs., 
vol. V, p. 232. 1873.’]. The resemblance is marked in the four 

U.Cal. No. 23504 

U Gol. No. 23503" 

U.Cal. No. 23506 

TYPE OP RHYNCHOTHERIUM SHEPARDIr 
EDENSE (UNIV. CALIF. 23501) 

Fig. 470. Original type figures of the grinding teeth of 
Trilophodon shepardi edense Frick, 1921. After Frick, 1921, p. 
406, figs. 160-165, one-third natural size. [=Rhynchotherium 

shepardi edense.| See note in caption to figure 471 opposite. 
(160): “The portion of a skull and posterior maxillaries. . . 

Univ. Calif. Coll. Vert. Pal. no. 23501.” 
(164, 162): . . . “two associated molars from the left and the 

_ right side respectively, Univ. Calif. Coll. Vert. Pal. 23503, 23504.” 

_ well separated cross crests, in the very rudimentary heel of the last 

molar, and in the trefoil pattern exhibited by the outer halves of 

the transverse crests of the worn teeth and the small oval pattern 

of the inner halves. [Footnote: ‘A four-crested last lower molar 
with rudimentary heel, from Oregon (Univ. Calif. Publ., Bull. 
Dept. Geol., vol. 10, p. 134, fig. 3) somewhat suggests the present 
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specimens, as do also the associated four lobed last molar and three 
lobed intermediate molar from Thousand Creek, Nevada (illus- 
trated l.c. Merriam, vol. 6, pl. 33).’]_ Moreover, the tusks of the 
present specimen show the enamelled band noted by Leidy in his 
original description, which was based on the six inch section of 
tusk from Dry Creek, Stanislaus County [Footnote: ‘A similar 
partial enamel covering has been noted on the fragments of two 
large tusks from the upper Miocene of Nevada (Le. Merriam, 
vol. 9, p. 189).’] . . . For convenience in future reference, the 
Eden form is here referred to 7. shepardi as a new subspecies under 
the name of the locality, Trilophodon shepardi edensis.”’ 

Horizon ann Locauity.—In the full characterization and 
description of this important specimen (Frick, 1921, pp. 405-409), 
accompanied by characteristic figures which are here reproduced, 
Frick synchronizes the Eden beds (pp. 285-289 and Folder 1) 
with the Rattlesnake, Ore., and Thousand Creek, Nev., horizons, 
and the Snake Creek of western Nebraska distinguished by an 
abundant plains fauna of Pliohippus and of H ipparion. The type 
locality (p. 282) is Mt. Eden Hot Springs, San Bernardino County, 
southern California, on the southeastern edge of the San Timoteo 
badlands (see United States Geological Survey, Elsinore Quad- 
rangle sheet, southern California). 

GroLocic AGE or THE EpeN Horizon.—The discovery of 
R. shepardi edense in the Eden horizon is one of the most impor- 
tant and interesting in the recent history of American paleontology, 
because through the careful researches of Frick (1921) we are able 
to establish an age correlation of very great value with other 
Pliocene faunas mapped by Frick in figure 472, such as Rattlesnake, 

TYPE OF CORDILLERION EDENSIS 
(onrv. Ccatar. 24047) 

Type oF RHYNCHOTHERIUM SHEPARDI EDENSE (Lert, Fig. 470) anv oF CokpILLERION EDENSIS (RicHt, Fig. 471) 

Fig. 471. Tusks originally referred to Trilophodon shepardi 
edensis Frick. After Frick, 1921, Pl. 1, figs. 1 and 2. 

These premaxille and tusks (Univ. Calif. Coll. Vert. Pal. 
24047, Univ. Calif. loc. 3269), as fully known and restored in 

Fig. 523 (Chap. XII), now become the type of Cordillerion edensis. 
Note. Compare |.M® (Fig. 470) of R. shepardi edense type 

(150 X80 mm.) -Wwith r.M® (Fig. 475) of R. francisi type (147 x 100 

mm.). 

Chanac-Etchegoin, Thousand Creek, and Snake Creek B (upper), 

the proboscidean fauna of which is carefully listed in Chapter VI 
(Mastodontinw) and Chapter X (Serridentingw) of the present 

Memoir. 
(1) Peccarites.—The Eden species Prosthennops edensis is 

more progressive than that of Snake Creek B, but less progressive 
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than that of Thousand Creek, while the larger peccary (Platy- 

gonus sp.) suggests a similar stage to that found in the 

Blanco. (2) Camets.—The Pliauchenia merriami of the 

Eden is more progressive than any of the apparently more primi- 

tive Snake Creek camels. (3) ProposcipEA.—No comparison 

can be made, because Cordillerion and Rhynchotherium are the 

only mastodonts found in the Eden and cannot be compared with 

the Pliomastodon and Serridentinus of the Snake Creek. (4) The 

absence of strepsicerine antelopes, of rhinoceroses, and of Hzp- 

parion in the Eden may either indicate local facies or a more 

recent geologic age. (5) Equinrs.—Among the species of 

Pliohippus, one greatly resembles P. spectans of the Rattlesnake, 

a second is. more progressive than any occurring in the other 

Pliocene horizons. It is on the occurrence of a progressive stage of 

Pliohippus and the absence of primitive species of Pliohippus that 

Frick determines the Eden fauna as of late Pliocene age, although 

not so advanced as the Blanco. 

Fig. 472. Map showing the position of the San Timoteo and Eden 

deposits in geographic relation to the Etchegoin, Ricardo, Chanac, Pinole 

Tuff-Orinda, Thousand Creek, Rattlesnake, Snake Creek, Republican River 

Pliocene. These are the more important of the Pliocene fossil mammal de- 

posits lying west of the Mississippi River. After Frick, 1921, p. 280, fig. la. 

7. San Timoteo and Eden horizon 11. Blanco horizon of Texas. 
of California. : ms F 

6. Ricardo horizon of California. Be, Bepubliesn See Bonzo np iof 
5. Chanac horizon of California. northern Kansas. 

4. Etchegoin horizon of California. 9. Loup River of central Nebraska. 
3: Pinole Tuff-Orinda horizon of Snake Crlwanawcstan Ne 

California. 

2. Thousand Creek horizon of braska, 
Nevada. Several horizons west of the 

1. Rattlesnake horizon of Oregon. Mississippi. 

FRICK’S DESCRIPTION OF 1926 

In 1926 (pp. 169-176) Frick redescribed ‘‘The Depressed- 

Beaked Mastodon of the Eden Lower Pliocene. California’’ as 
?Rhynchotherium (Dibelodon) edensis, materials originally described 
by him in 1921 as Trilophodon (Tetrabelodon) shepardi edensis. 
In this paper (1926, p. 171) he continued to regard as a paratype of 
?R. (Dibelodon) edense ‘‘Portions of premaxilla containing com- 
plete upper tusks possibly of the same individual as type speci- 

PROBOSCIDEA 

men, Univ. Cal. 24047” (Figs. 471 and 523 of the present Memoir), 

not accepting Osborn’s transfer to Dibelodon [=Cordillerion] of 
these premaxillary and tusk specimens. Accordingly in his paper 
of 1926 this species of ?R. (Dibelodon) edense is fully redescribed 

and redefined (p. 171) as including the premaxille and upper tusks 

(Figs. 471 and 523 of the present Memoir), which Osborn now re- 

names Cordillerion edensis. Frick (p. 172) rightly included within 

?R. (Dibelodon) edense the immature mandible and dentition 

(Amer. Mus. 18216B) and maxilla (Amer. Mus. 18218) which Osborn 

(1929.797, pp. 6, 7) described as Rhynchotherium paredensis, a 

species which now proves to be synonymous with Rhynchotherium 
shepardi edense Frick, 1921. 

SUMMARY OF RHYNCHOTHERIUM SHEPARDI EDENSE MA- 

TERIALS INCLUDING OSBORN’S TYPES OF CORDILLERION 

EDENSIS (UNIV. CALIF. 24047) AND RHYNCHOTHERIUM 
PAREDENSIS (AMER. MUS. 18216B, 18218) 

Torat Marertats.—Frick (1926) has recently enumerated 

the entire material, including parts of approximately nineteen in- 

dividuals, in the American Museum and University of California 

collections from the Eden quarry, all of which he regards as refer- 

able to the species named by him (op. cit., p. 171) ‘(?) R. (Dibelo- 
don) edensis.”’ 

Typr.—Maxilla with r.M? (broken) and M$ of both sides; 

portions of premaxilla and superior tusks presumably of the same 

individual (then considered as a paratype, see below). Figured 

by Frick, 1921, fig. 160 and Pl. x—Fig. 470 [= Rhynchotheriwm 
shepardi edense] and Fig. 471 [=Cordillerion edensis] of the present 
Memoir; Univ. Calif. 23501 and 24047. 

ParatTyPes.—Portions of premaxilla and superior tusks (see 

above) supplemented by subsequent excavation of distal portions 

of tusks and balance of premaxilla (Univ. Calif. 24047), possibly 

of same individual as type specimen (Univ. Calif. 23501). Figured 
by Frick, 1921, Pl. u, figs. 1 and 2—Fig. 471 of present Memoir; 

Osborn, 1922.564, figs. Al, A2—Fig. 523 of present Memoir). 

Two superior molars of right and left sides respectively (Univ. 

Calif. 23503 and 23504). Figured by Frick, 1921, figs. 162 and 

164—Fig. 470 of present Memoir. 
Inferior molar (Univ. Calif. 23502). Figured by Frick, 1921, 

fig. 165—Fig. 470 of present Memoir. 

Portion of superior molar, worn (Univ. Calif. 23505). Figured 

by Frick, 1921, fig. 161—Fig. 470 of present Memoir. 
Portions of three worn molars (Univ. Calif. 24049 and 23507). 
Milk molar (Univ. Calif. 23506). Figured by Frick, 1921, fig. 

163—Fig. 470 of present Memoir. 
Distal portion of small tusk (Univ. Calif. 24050). Figured by 

Frick, 1921, fig. 159. 
Skeletal fragments. 

REFERRED New Mareriaus, Type Locairy i 

MatTureE SPECIMENS: 
M; left, much worn (Amer. Mus. 18219). Figured by Frick, 

1926, fig. 21B—Fig. 473 of present Memoir. 
M? left, unworn (Amer. Mus. 18219D). Figured by Frick, 

1926, figs. 21A and C—Fig. 473 of present Memoir. 

M? right, much worn (broken), similar to above (Amer. Mus. 

18219E). 
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FIG. 21A 

mx 

; D 
FA M.No. 18219 

FIG. 21C 

<a ey y) } 

A YY} 

J D 
Z~ A.M.No. 18219 

FIG. 21 B 

= 4 ==> M.No. 18219 
Fig. 473. Referred superior, 1.M°, and inferior, 1.M3, 

grinders of Rhynchotherium shepardi edense, Pliocene, Eden 
formation, California. After Frick, 1926, pp. 144, 145, one-half 

natural size. 

(Figs. 21A, C) Amer. Mus. 18219D. Third superior molar 

of the left side, 1.M®*. 

(Fig. 21B) Amer. Mus. 18219. Third inferior molar of 
the left side, 1.M3. 

Portion of right maxilla with large M* (broken) and fragment 

of M? (Amer. Mus. 18219A). 
Portion of maxillary palate with M*, and fragment of M® of 

right side (Amer. Mus. 18219C). 
Fragment of left (?) maxilla with relatively small M®* (heel 

broken) and fragment of M? (Amer. Mus. 18219B). 
Portion of left maxilla with parts of Dp*, M' (Amer. Mus. 

18219F). 
Intermediate left superior molar, slightly worn (Amer. Mus. 

18219G). 
Three third milk molars greatly worn, exhibiting a consider- 

able size variation and a fourth milk molar greatly worn (Amer. 

Mus. 18223A-C). 
Distal portion of several tusks (Amer. Mus. 18221). 

Fragment of inferior tusk with enamel on two sides (Amer. 

Mus. 182212). 
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Ulna and partial radius of moderately long and heavy propor- 
tions (Amer. Mus. 18350 [18220]). 

Limb and vertebra portions and fragments (Amer. Mus. 
18222). 

IMMATURE SPECIMENS [described by Osborn, 1929.797, as the 
type of Rhynchotherium paredensis=synonym of R. shepardi edense|: 

Mandible consisting of a left ramus with Dp., Dps, Dp,, and 
Mi in germ; and right ramus with alveolus Dp, Dps, and Dp,erupt- 
ing (Amer. Mus. 18216B). Figured by Frick, 1926, figs. 2,8, and 25. 

Fragment of mandible with Dp; left (only slightly worn) and 
portion of alveolus Dp, (Amer. Mus. 18216A). Figured by Frick, 
1926, figs. 3 and 9. 

Left maxilla with Dp*, Dp*, and Dp‘ (broken) erupting, and 

associated Dp’ right (posterior third missing); specimen showing 

infra-orbital foramen above anterior edge Dp*, tusk alveolus, and 

portion of maxillary palate, representing a somewhat younger in- 

dividual than the mandibular specimen, Amer. Mus. 18218 (tooth 

series figured by Frick, 1926, fig. 18). 

SPECIFIC CHARACTERS BASED UPON ABOVE MATERIAL.—(Frick, 

1926, p. 172): “CHAaracTers.—Last molars with three main 

transverse crests and posterior heel, the heel being small and 

tubercular in m*, and more prominent and crest-like in ms, (referred 

specimen); intermediate teeth with three crests; transverse valleys 

broad and well defined, though blocked at mid-base; inner lobes 

of upper and outer lobes of lower teeth, in worn stage, exhibiting 

trefoils; upper molars broad, inner borders strongly convex; lower 

molars relatively long and narrow, ms; inner border slightly concave 

and outer border convex; tubercular ridges tall and directed 

forward in both jaws; palate apparently narrow. Upper tusks 

(possibly of same individual as type specimen) widely divergent 

and each provided with an enamel band, which by an inward rota- 
tion of the tusk axis is carried from the outer border at the base to 

the inner border at the tip. Mandible (as seen in immature re- 

ferred specimen): ramus at mental foramen deep, symphyseal 

region narrow, somewhat elongate, and bent strongly downward; 

inferior tusks present, laterally compressed and downwardly 

directed, tips curving slightly forward and upward; permanent 

premolars apparently never developed, anterior series consisting of 

dp2-dp,; unerupted teeth tending to be minutely tuberculo-serrate. 

Upper anterior series (as seen in very slightly worn teeth of the 

referred immature maxillary specimen) consists of dp* (somewhat 

triangular and weakly bilobed), p* (tending to be trilobed), 
49) and dp*. 

JUVENILE SPECIMENS OF R, SHEPARDI EDENSE 

The type of Rhynchotherium paredensis (Fig. 474), based 

upon an immature individual (Amer. Mus. 18216B) discovered in 

the Eden quarry with the type of Rhynchotherium shepardi edense 

(Fig. 470), was rightly regarded by Frick as possibly an immature 

individual of the animal previously described by him as Trilo- 

phodon shepardi edensis (=R. shepardi edense of the present 

Memoir), although subsequently (1926) he referred all the Eden 

material (mature and immature specimens) to the genus Rhyn- 

chotherium. Osborn erroneously made this the type of Rhyncho- 

therium paredensis which proves to be a synonym of R. shepardi 

edense. 
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This immature material (Amer. Mus. 18216B, 18218) is now 

assigned the name Rhynchotherium shepardi edense, readily 

distinguished by the upturned inferior tusks with broad enamel 

band, as shown in the new figure 474. This Rhynchotheriwm 

resemblance was observed by Frick (1926, p. 171) as follows: 

. “the laterally compressed and downwardly directed tusks of 

the immature mandible are highly suggestive of the Cope Blanco 

mandible, the upper tusks of which are unknown. I, therefore, 

tentatively refer the Eden material to Rhynchotherium Falconer 

(genotypic species, R. tlascale Osborn), to which genus Professor 

Osborn has now transferred the Blanco specimen [= Rhynchotherium 

falconeri].” 

OSBORN: THE PROBOSCIDEA 

southern California. Tyre Ficure.— Op. cit., Osborn, 

1929.797, fig. 8, p. 7 (ef. Frick, 1926, figs. 2, 3, 8, 9; referred 
maxilla, fig. 18). 

The first description of this unique material from Eden is that 

of Frick (1926, pp. 170, 171), who concludes as follows (p. 171): 

“T, therefore, tentatively refer the Eden material to Rhynchotherium 

Falconer (genotypic species, R. tlascale Osborn), to which genus 

Professor Osborn has now transferred the Blanco specimen [i.e., 
Rhynchotherium falconeri type, Amer. Mus. Cope Coll. 8532].” 

There can be little doubt that the three immature specimens 
(Amer. Mus. 18216B, 18216A, and 18218) belong to the genus 

Rhynchotherium. To Frick’s designations and descriptions (op. 

RHYNCHOTHERIUM EDENSE 

A. Amer. Mus. 18218 

B. Amer. Mus. 18216B 

Vf 
j lj" 

y J F nat. suze 

Fig. 474. Immature Rhynchotherium shepardi edense (Amer. Mus. 18216B, jaw, Amer. Mus. 18218, maxilla), as refigured for 

the present Memoir. Compare Osborn, 1929.797, fig. 8, and Frick, 1926, figs. 2, 3, 8, 9, and 18. 

Rhynchotherium paredensis. 

History (Frick, 1926, p. 169).—In 1926 (p. 169) Frick 

described the ‘“ Depressed-Beaked Mastodon of the Eden Lower 

Pliocene. California, (?) Rhynchotheriwm (Dibelodon) edensis Frick,” 

referring principally to “immature specimens” (Amer. Mus. 

18216B and 18218), but with which he included other described 

and undescribed adult material now referred by the present author 

to Cordillerion edensis in Chapter XII below on the Notorostrine. 

The immature jaw and left maxilla we may consider as a true 

Rhynchorostrine and it is here carefully refigured in the new 
illustration (Fig. 474). 

(?) Rhynchotherium paredensis Osborn, 1929. ‘New Eura- 

siatic and American Proboscideans,’’ Amer. Mus. Novitates, No. 

393, Dec. 24, pp. 6-8. Tyrr.—Immature mandible contain- 

ing 1.Dps, r. and 1.Dps, Dp,, and both tusks (Amer. Mus. 18216B), 

also a left maxilla (Amer. Mus. 18218) containing 1.Dp?, Dp*, Dp‘— 

probably belonging to one individual owing to close similarity in 

age, size, and eruption of the teeth. Frick collection, Mr. Joseph 

Rak collector, winter of 1916-1917. Horizon AND LocaLiry.— 

Upper Pliocene, Mt. Eden Hot Springs, San Bernardino County, 

Figured by Osborn in 1929 as 

cit., pp. 171, 172) of these ‘‘immature specimens” and to his 

figures 2, 3, 8, 9, and 18, we may now add the following character- 

ization. 

MeEASUREMENTS (OsBoRN) OF SUPERIOR AND INFERIOR Morars 

Lerr Lower SERIES Dpe Dp; Dps 

Anteroposterior 25 50 90 

Transverse 17 37 51+ 

Rigut Lower SERIES 

Anteroposterior 50 86 

Transverse 41 57 

Lerr Upper Series Dp? Dp? Dp‘ 

Anteroposterior 36 47 (half crown) 

Transverse 27 41 51 

Typer Descriprion (COMPARE OSBORN, 1929.797).—Immature 

mandible terminating in a downturned symphyseal region, above 

which is a broad, concave, troughlike superior surface and be- 

neath which are two closely appressed lower incisive teeth, the 
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vertical diameter greatly exceeding the transverse: near the root 
of 1.I, is a very large foramen on the outside of the ramus (Fig. 
474); the right lower tusk, r.I, is closely compressed vertically; 
the lower deciduous premolars Dp;, Dp,, are trilophodont or three 
erested, with rudimentary conelets partly blocking the valleys 
on the external side, while in the corresponding superior tooth, 
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(39) of the species Cuvieronius platensis agrees rather closely with 
that of Cordillerion andium (index 44) and with that of Rhyncho- 
theritum shepardi edense (index 42). While agreeing in their long, 
narrow proportions, other characters (foldings or plications, double 
trefoils, thinness of the enamel) may readily distinguish these 
mastodonts from Rhynchotherium. 

CoMPARATIVE PROPORTIONS OF RHYNCHOTHERIUM, CORDILLERION, AND Cuvrerontus GRINDERS 
(See comparison of Rhynchotherium and Serridentinus, p. 483 above) 

ap. 
R.Ms (Leidy, 1873, p. 235, cast Amer. Mus. 12388—Fig. 454) 162.5 
L.Mz (Frick Coll., Amer. Mus. 18219—Fig. 473) 160.5 

R.M? (Frick Coll., Amer. Mus. 18219A) 16le 

L.M? (Frick Coll., Amer. Mus. 18219B) 150 

R.M$ (Frick Coll., Amer. Mus. 18219C) 162 

L.M (Frick Coll., Amer. Mus. 18219D—Fig. 473) 151 
R.M? (Frick Coll., Amer. Mus. 18219) 155 

L.M? (Univ. Cal. 23501—Fig. 470) 150 
L.M? (Frick Coll., Amer. Mus. 18219F) 112e 

L.M? (Frick Coll., Amer. Mus. 18219G) 117 
R.M? (Univ. Cal. 23503—Fig. 470) 128 

L.Mz (Univ. Cal. 23502—Fig. 470) 130 

L.M; (Quito Mus., cast Frick Coll.) 182 

R.M; (Frick Coll. 9-1931, Ecuador) 231.5 

R.M; (Amer. Mus. Cope Coll. 11192—Fig. 554) 224 

R.My (Frick Coll. 9-1931) 135 
R.Mz (Amer. Mus. Cope Coll. 11192—Fig. 554) 138e 

namely, 1.Dp‘, the rudimentary conelets block the valleys on the 

internal side, as in Serridentinus; the crowns are covered with 

irregular tubercles or are ‘chcerodont’ in type, as in all deciduous 

premolars of the Trilophodonts. 

RuyYNcCHOTHERIUM GrinpERS.—Rhynchotherium grinders may 

now be readily distinguished from those of contemporary masto- 
donts (Trilophodon Fale., Eubelodon Barb., Cordillerion Osb., 

Cuvieronius Osb., and Serridentinus Osb.) by: (1) Very thick 

enamel with absence of secondary foldings or plications, (2) presence 

of thick-enamelled trefoils, internal above, external below, (3) 3! 
ridge-crests in third superior molars, (4) 4!;-5 ridge-crests in third 

inferior molars, (5) relatively low, obtusely rounded lophs, per- 

sistently short crowned or brachyodont, (6) relatively long and 
narrow third inferior grinding teeth, height 45-63 mm., breadth— 
length index 42-45. (7) These blunt, non-progressive, thick- 
enamelled grinders are correlated with the trituration of coarse 
herbage and the downturned inferior incisive tusks for the uproot- 

ing of trees. 

Turrp Inrerror Mouars, My ap. tr. if 
Rhynchotherium shepardi edense 160.5 68 42 
Cordillerion andium 182 81 44 
Cuvieronius platensis 224 89 39 

Trilophodon (Megabelodon) lulli 222 89 40 
Ocalientinus (Ser.) floridanus 226 85 38 

The relative size of the grinding teeth of Rhynchotherium, 
Cordillerion, and Cuvieronius is displayed in the comparative table 
above. In the mastodonts cited herewith the third inferior molars 
are relatively long and narrow. The breadth-length (tr. Xap.) index 

tr. height J; 

72.5 45e 45 Rhynchotherium shepardi ref. 

68 50e 42 Rhynchotherium shepardi edense ref. 

91 72e 56 o e ‘: 2 

82.5 61 55 " s 4 oe 

87.5 55e 54 * & 4: 

84 63 55 ae en + 

83 ro 53 +s & ; 

80 60 53 Rhynchotherium shepardi edense type 

80 58 Tle  Rhynchotherium shepardi edense ref. 

73 61 62 S ait os Abs ne 

84 "se 65' «4 fi aes re oe 
73¢e 50 56, ce. “ “ “ “ 

81 = idle 44 Cordillerion andium ref. 

96 75 41 Cuvieronius humboldtii ref. 

89 39 2 platensis 

88 65 5 humboldtii “ 

94 68 rs platensis “ 

(2?) Rhynchotherium francisi Hay, 1926 

Figure 475 

Brazos River, Pittbridge, Burleson County, Texas. 

Of uncertain geologic age and systematic reference. 

Mammut francisi Hay, 1926. ‘‘Two New Pleistocene Masto- 
dons,”’ Journ. Washington Acad. Sci., Vol. XVI, No. 2, January 

19, 1926, pp. 35-39. Typr.—aA third superior molar of the 

right side, r.M°. Horizon anv Locauiry.—*‘ This tooth was 

found in Brazos River, at Pittbridge, Burleson County,” 

Texas. Type Ficure.—Op. cit., p. 36, fig. 3, p. 37, fig. 4. 

Tyre Description.—(Hay, 1926, pp. 35-39): “It is the 

upper right third molar and had not yet begun to wear. One 

striking feature is the great width of the tooth. It is possible that 

this is abnormal, but there is no indication of it, and a tooth of M. 

americanum at hand is as wide at the first two crests, but does not 

diminish so much in width at the third and fourth crests. The 

total length is 147 mm.; the width taken at the first and second 

cross-crests is 100 mm. At the third and fourth cross-crests the 

width is respectively 86 mm. and 70 mm. It may be said that 
there is a small fifth crest, only the pretrite portion of which is 

developed. Behind this is what may be regarded as a small talon. 

The buccal border of the tooth is straight; the lingual border, 

strongly convex. One might expect the reverse condition. .. . 

Believing that the tooth here described from Pittbridge represents 

a species of Mammut not hitherto recorded and wishing to honor 

the finder [Dr. Mark Francis], the writer proposes to call it Mam- 

mut francisi.” 
Osborn, 1931: This type, r.M®, 147100 mm., ridge-crests 

4%, extremely broad anteriorly, narrowing rapidly posteriorly 

(?) Pliocene. 
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cement in the valleys, with obtuse trefoils (not observed by Hay) 

on first, second, third, and fourth internal lophs, without the dis- 

tinct transverse lobation of Mastodon, with nearly plain external 

surface, and with strongly convex and bulging internal surface, 

is comparable rather to Rhynchotherium brevidens (Figs. 456, 458) 

and R. anguirivale (Fig. 466) than to Mastodon americanus with 

Type Figure oF RHYNCHOTHERIUM FRANCISI 

Fig. 475. Type figure of Mammut francisi Hay, 1926, figs. 3 and 4, one- 

half natural size, found in Brazos River, at Pittbridge, Burleson County, 

Texas, by Dr. Mark Francis, to whom the species was dedicated. A third 

superior molar of the right side, r-M*, crown and external views. Compare 

r.M? of R. francisi type with 1.M® of R. shepardi edense type (Fig. 470). 

OSBORN: THE PROBOSCIDEA 

which it was compared by Hay (January, 1926, pp. 35-39). The 

comparative measurements and indices are as follows: 

COMPARATIVE PROPORTIONS OF MASTODON AND RHYNCHOTHERIUM 

GRINDERS 

Third Superior Molar, M* ap. tr. i 

Mastodon americanus (Nat. Mus. 335) 175 102 58 

Rhynchotherium shepardi edense 

(Univ. Cal. 23501) 150 80 53 
Rhynchotherium anguirivale 

(Amer. Mus. 19248c) 163e 83 5le 

Rhynchotherium brevidens 

(Amer. Mus. Cope Coll. 8137) 154 98 64 

Rhynchotherium francisi (Francis Coll.) 147 100 68 

It differs from species of Rhynchotherium, in which the superior 

molars are known (R. brevidens, R. anguirivale, R. falconeri), in 

the (a) flattened internal and broadly convex external surfaces, 

(b) in the presence of the more strongly developed fourth ridge- 

crest or tetartoloph, and in the greater prominence of the talon or 

pentaloph. It differs still more widely from Mastodon americanus 

in the (a) triangular form of M®, (b) in the absence of the transverse 

lophoid structure of the ridge-crests, (c) in the presence of a deep 

median valley between the external and internal cones, with inter- 

mediate conules (?), (d) in the presence of more prominent inter- 

nal trefoils. 

Subject to further knowledge, Mammut francisi Hay, 1926, 
may be regarded as a progressive but somewhat aberrant Rhyncho- 

rostrine. An alternative reference of this aberrant tooth would be 
to the genus Cordillerion with which the present molar agrees in 

the following characters: (a) 44 ridge-crests, (b) flat external and 

strongly convex internal surface of M*. It differs, however, from 
Cordillerion (Fig. 488) in (a) the much greater breadth of the 

crown, (b) the strong fore-and-aft compression, (c) the less pro- 

nounced development of the internal trefoils. 

7. MIO-PLIOCENE RHYNCHOTHERIUM OF INDIA 

Rhynchotherium chinjiense Osborn, 1929 

Figures 476 and 481 

From two miles west of Chinji Bungalow, India. Mio-Pliocene. 

The last of the Rhynchorostrine specimens to be described is 

the left ramus of a lower jaw (Amer. Mus. 19415), which is pro- 

visionally placed with Rhynchotherium although the fractured ros- 

trum leaves the reference somewhat uncertain; the alveolar section 

of the left lower incisive tusk, l.I,, resembles that of Rhynchotherium, 

as the vertical exceeds the transverse diameter; the presence or 

absence of a distinctive lateral enamel band cannot be determined; 

the brachyodont third lower molar, 1.M;, corresponds with that of 

Rhynchotherium shepardi; the horizon is the Lower Siwaliks of 

India, 600 feet above the base, found two miles west of Chinji 
Bungalow. As shown in figure 476 the size agrees with that of 

the type of R. browni (Fig. 467) from the Upper Pliocene of 

Mexico. The original description of this species is in general as 
follows: 

Rhynchotherium chinjiensis Osborn, 1929. ‘‘New Eurasiatic 

and American Proboseideans,’’ Amer. Mus. Novitates, No. 393, 

pp. 6 and 7. Type.—Amer. Mus. 19415. Left ramus with 

warped alveolus of left inferior incisor, 1.I2; also 1.M., Mz, in situ. 

Amer Mus.No. 

19415 Type 
RHYNCHOTHERIUM 

CHINJIENSE 

V/4 nat. size ~-™Ma \ - = \ 

Osborn 1929.797, p. 8, fig. 9). A, Outer aspect of left type ramus showing the 
warped alveolus of the left inferior incisor, 1.Iz, broken crown of 1.Me, and four 

crested crown of 1.M3. One-eighth natural size. B, Anterior view of type 

ramus showing warped alveolus of second inferior incisor filled with sand 
and matrix. One-eighth natural size. C, Crown view of four crested 1.M3. 

One-fourth natural size. Observe the thickened enamel. 
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Locatity.—Two miles west of Chinji Bungalow, India. Horr- 
zoN.—Collected in 1922 by Barnum Brown 600 feet above the 
base of the Lower Siwaliks. Mio-Pliocene. Type Figure.— 
Op. cit., Osborn, 1929.797, p. 8, fig. 9. 

Speciric CHaRACTERS.—Mandibular ramus deep, abbreviate, 
rostrum apparently downturned, containing alveolus of a single 

RHYNCHOTHERIUM EDENSE 

S. California 

2000 mm., 6’ 6%4"e 

RHYNCHOTHERIUM FALCONERI 2350MM,7’8%"e 
TEXAS 

RHYNCHOTHERIUM BROWNI 
MEXICO 

RHYNCHOTHERIUM TLASCALAE 2650M1,8'8% e 
MEXICO 

2450mm.,8’ ve 

flattened incisor, warped in the type. Third inferior molar 
brachyodont, four crested, with thick enamel, ap. 200 mm., tr. 
92 mm., thus resembling Rhynchotherium [Blickotherium] euhypo- 
don; 4% ridge-crests, no indication of trefoils on the deeply worn 
crown, trefoils are indicated in corresponding |.M; of R. [B.] 
euhypodon (Fig. 462 A4). 

AYBELODON HONDURENSIS 2200MM.7/2%"e 
HONDURAS 

amy’ 
BLICKOTHERIUM BLICKI 

HONDURAS 
1600MM.,5’3"e 

RHYNCHOTHERIUM EUHYPODON 1727MM,5'8"e 
NEBRASKA 

RHYNCHOTHERIUM SPENCER! 16SOMM.6'34"e 
EGYPT 

Fig. 477. Comparative RESTORATIONS OF THE RHYNCHOROSTRINES 

By Maroret Fiinscu (1932), UNDER THE DIRECTION OF Henry Farrrretp Osporn 

One-hundredth natural size 

The absolute scale of these Rhynchorostrines is determined by the only limb skeleton known at present, 
namely, that of Rhynchotherium shepardi edense of southern California described on page 496 above, which 

establishes a shoulder height of 6 ft. 6% in. (2000 mm.). From the jaw of this animal a relative scale is estab- 

lished by a careful comparison with the jaw lengths and lengths of the third inferior molar teeth of the other 
species. In descending order of height, the estimated measurements are as follows: 

R. tlascale, Mexico 2650 mm., 8 ft. 84 in. 
R. browni, Mexico 2450 mm., 8 ft. ‘sin. 

2350 mm., 7 ft. 84 in. R. falconeri, Texas 

Aybelodon hondurensis, 

Honduras 2200 mm., 7 ft. 2 in. 

R. edense, So. California 2000 mm., 6 ft. 6% in. 

R. spenceri, Egypt 1850 mm., 6 ft. * in. 
R. [Blickotherium) euhypo- 

don, Nebraska 1727 mm., 5 ft. 8 in. 

Blickotherium blicki, 

Honduras 1600 mm., 5 ft. 3 in. 

For No complete cranium is known, therefore the facial, as well as the bodily, profile is conjectural. 

skeletal characters and measurements the reader is referred to pages 507 and 508 of the present Memoir. 



BLICKOTHERIUM 

Yb. 

RHYNCHOTHERIUM 

AYBELODON 

HONDURENSIS 

RHYNCHOT HERIUM 

RHYNCHOTHERIUM 

RHYNCHOTHERIUM (7 

BLICKOTHERIUM 

EUHy PODON 

RHYNCHOT HERIUM 

Fig. 478. RuyNcHOROSTRINE ManpIBLES AND TusKs, Nort AFRICA TO 
Honpuras 

AJl figures one-twelfth natural size. Compare figures 479-482 

H, Genotype. Blickotherium blicki Frick, 1933. Honduras, Central 
America. Right mandibular ramus (reversed in this drawing), after Frick, 

1933, fig. 4, F:A.M. 27062 (M, restored from left side). 

Inferior incisors upcurved, strongly compressed laterally, broad external 

enamel band. Third inferior molar, r.M3, with four ridge-crests, tetartolophid 

rudimentary, ap. 119mm. X tr. 61 mm., index 51; Mbp trilophoid, with three 

ridge-crests and basal cone, ap. 86 mm., tr. 52 mm., index 60; M, bilophoid, 

anterior ridge-crest rudimentary. Symphysis laterally compressed, down- 

wardly curved, embracing upcurved lower incisors. Compare figure 479. 

G, Neotype, 1933, Rhynchotherium edense Frick, 1926. East of Mt. Eden, 

southern California, Eden horizon. Immature mandible with four ridge-crested 
M3 buried in jaw, after Frick, 1938, fig. 1, F:A.M. 18225. Close to R. 
falconeri (C). 

Inferior incisors suboval in vertical section, enamel band latero-superior, 
upeurved, embedded in sharply depressed symphysis. My partly trilophoid, 

ap. 104e mm., tr. 66 mm., index 68e; Mz fully trilophoid, ap. 128 mm., tr. 82 

mm., index 64; Mz tetralophoid, with tetartolophid more prominent than in 

Blickotherium blicki, ap. 176 mm., tr. 80 mm. index 45. Mandible relatively 

short, angle to symphysis, ap. 670 mm. 

F, Genotype, Aybelodon hondurensis Frick, 1933. Late Tertiary of Hon- 
duras, Central America, after Frick, 1933, fig. 5, F:A.M. 27075, mandible 
reversed in this drawing. 

Lower incisors entirely without enamel, suboval in section, slightly com- 
pressed laterally, with symphysis extremely elongate, laterally and vertically 

compressed, embedding the long, upcurved, enamel-less lower tusks; hence 

probably of generic value as Aybelodon. Grinders with thick enamel; Mo» 
greatly worn, reduced in size, ap. 110e mm., tr. 60 mm., index 54e, probably tri- 

lophoid; M3 fully tetralophoid, with four ridge-crests and rudimentary single- 
coned pentalophid, ap. 173 mm., tr. 76 mm., index 44. 

E, Genotype, Rhynchotherium tlascale Osborn, 1918. Near Tlascala, 

Valley of Mexico. Mandible of relatively large size, total length of ramus, 

condyle to end of symphysis, 1070 mm. After genotype cast (Amer. Mus. 

27003), compare figure 448. Important as subject of Falconer’s original type 
description of the genus Rhynchothertum. 

Mandible elongate and shallow, symphysis very large, less strongly de- 

curved than in any other known species (A-H). Incisors round with flattened 

inner section; apparently, from cast, with broad external enamel band. M3 
very large, ap. 180e mm., tr. 99 mm., index 55e, with four ridge-crests, tetarto- 
lophid partly embedded in jaw. Diameter of tusk 65 mm. 

D, Type, Rhynchotherium browni Osborn, 1933 (Amer. Mus. 15550). San 

José de Pimas, Sonora, Mexico. Formerly (1921) erroneously described by 

Osborn as the neotype of R. tlascalz, now seen to be more primitive, with longer 
jaw than R. falconeri (C); close to R. edense (G). 

Mandible relatively elongate as compared with Rhynchotherium falconert 

(C), symphysis obliquely depressed, relatively short; incisors laterally com- 

pressed or deeply oval, with broad external enamel band. M, subtrilophoid, 
with rudimentary tritolophid, ap. 98 mm , tr. 67 mm., index 68; Mp fully tri- 

lophoid, with rudimentary basal cone, ap. 136e mm., tr. 100 mm., index 74e; 

M; tetralophoid, with narrow two-coned tetartolophid, ap. 176 mm., tr. 

96 mm., index 55. Ramus stout. 

C, Type, Rhynchotherium falconeri Osborn, 1923. Blanco formation, Llano 
Estacado, Texas, Upper Pliocene. Amer. Mus. Cope Coll. 8532. Originally 
referred by Cope to “Tetrabelodon shepardii, Leidy.” 

Mandible relatively short and broad, angle to symphysis 630 mm., 

coronoid condylar region elevated, ramus deep, symphysis obliquely 

depressed downwardly, less vertical than in Rhynchotherium edense (G). 

M; shed; Me trilophoid, much worn, ap. 133e mm., tr. 77 mm., index 58e; Mg 

tetralophoid, with well-developed tetartolophid and rudimentary biconed 

pentalophid, ap. 173 mm., tr. 80 mm., index 46. 

B, Type, Rhynchotherium [Blickotherium] euhypodon Cope, 1884. Drift- 
wood Creek, Hitchcock County, Nebraska. Amer. Mus. Cope Coll. 8528. 

Mandible relatively slender and shallow; coronoid condylar region also 
slender; symphysis moderately downeurved; relatively short incisive tusks, 

with broad enamel band. My), Mp entirely shed, M; relatively long and nar- 

row, ap. 182 mm., tr. 78 mm., index 438, with four prominent ridge-crests and 

biconed pentalophid. 

A, Type, Rhynchotherium spenceri Fourtau, 1918. From desert of Moghara, 

Egypt, After Fourtau, 1918, figs. 60, 61. 
Mandible downcurved, very large anterior foramen. Mbp, ap. 110e mm. 

(04 
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8. NEW HONDURAS PHYLUM: BLICKOTHERIUM AND AYBELODON, DISCOVERED BY BLICK 

IN 1929, DESCRIBED BY FRICK IN 1933 

It has taken nearly eighty years of ardent exploration by the Cope, Osborn, and Frick parties to amplify our 
knowledge of these rare and probably forest-living animals. This knowledge is graphically set forth in figure 478, 

with its full explanatory legend, which constitutes the frontispiece of the present Section 8. 

As summarized above, the text of the present chapter was completed (pp. 475-503) and put into page proof 

in the year 1929; since then four very important advances in our knowledge of the Rhynchorostrinew have been 

made. First, by the rediscovery of the original genotype cast of Rhynchotherium Falconer. Second, by Frick’s 

amplification of our knowledge of Rhynchotherium edense of California. Third and fourth, by Frick’s unexpected 

discovery of two new generic and specific types in Honduras, namely, Blickotherium blicki and Aybelodon honduren- 

sis. Consequently the wide adaptive radiation as well as the habits and the phylogenetic succession of the 

Rhynchorostrines are newly conceived and established. This is a most welcome and surprising confirmation of 

Hugh Falconer’s adumbration in the year 1856 of the existence in Mexico of an entirely distinct kind of lower jaw 

of what are now known as the Beak-jawed Mastodonts or Rhynchorostrines. 

More in detail, these four significant advances in our knowledge of the Rhynchorostrines since 1929 are as 

follows: 

First, in 1931, the rediscovery in the Museum of Geneva of the cast (Fig. 478E) of the genotypic jaw of 

Rhynchotherium Falconer enables us fully to characterize the genotypic species Rhynchotherium tlascale by the 

duplicate cast in the American Museum (Amer. Mus. 27003). The erroneously selected (Osborn, 1923) neotype 

specimen (Fig. 478D) of R. tlascale is obviously quite different from the genotype jaw of R. tlascale (E) and 

now proves to be much more similar to the type jaw (C) of R. falconeri Osb., as clearly shown in the comparative 

figure (D, C); although similar, this jaw (D) is seen to be more elongate and decidedly more primitive than the 

type (C) of R. falconeri; it is accordingly made the type of a new species R. browni, named in honor of Barnum 

Brown who discovered this mandible in Mexico in the year 1911. 

Second, in 1932, the discovery by Frick’s parties in the Eden horizon of California of several specimens of 

Rhynchotherium shepardi edense Frick, including the anterior portion of the skull of the type, also the relatively 

complete neotype cranium and jaw (Fig. 478G) revealing a stout, strongly decurved mandible suggestive of that 

of the type (C) of R. falconeri Osb. The surprising adaptations of the mandible, displayed in the contrast between 

the type of R. tlascalz (E), and the type mandibles of R. falconeri (C) and of R. edense (G), hardly prepared us 

for the additional recognition of a third type of long, slender mandible ipa at in R.[ = Blickotherium| euhypo- 

don (B) and Blickotherium blicki (H). 

Third, in 1929, was the most recent discovery in Honduras, as described by Frick in 1933, of the extremely 

slender mandible, with laterally compressed incisors (Fig. 478H) of Blickotherium blicki, similar in its slender 

proportions to the mandible (B) of R. [B.] ewhypodon Cope but differing in the section of the lower incisors. 

Fourth, in 1929, and perhaps most surprising, as described by Frick in 1933, was the discovery of the long, slender 

type mandible (Fig. 478F) of Aybelodon hondurensis, rhynchorostrine in general contour but containing incisors 

entirely without enamel. The profile of this enamel-less type certainly reveals its rhynchorostrine affinity; it places 

it in a distinct and unique line of succession. 
505 
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B, BLICKOTHERIUM BLICKI Frick, 1933, Tree A, RHYNCHOTHERIUM EDENSE Frick, 1933, NeoTYPE 

Fig. 479. Bwax-Jawep RuyNcHOROSTRINES. RuYNCHOTHERIUM Fauc., 1856-1868, BuickoTHERIUM FRiIcK, 1933 

Frick CoLuection, CALIFORNIA AND HonpuRAS 

Grinding teeth seven-seventeenths natural size; crania and mandibles about one-tenth natural size. Compare figures 478 and 482. 

Nore: The three lower grinding teeth of Blickotherium blicki (B) are identified by Frick (1933, pp. 527, 529, 650) and by Colbert 
(in a note) as Py, My, Mo; by the present author (Fig. 478H) as Mi, Me, Ms. 

A, Rhynchotherium edense Frick. Neotype immature cranium and mandible (length 1050 mm.), r.M 1-r.M 3 (F:A.M. 18225), 
Eden horizon, southern California. 

A—a and B—B sections of superior and inferior incisive tusks as indicated. Mandible and cranium placed in natural position, with 
sharp downward deflection of rostrum and vertical position of superior tusks. Compare Frick, 1933, fig. 1. 

Al, Neotype third right inferior molar, r.Ms, 4 ridge-crests, ap. 176 mm., tr. 80 mm., index 45. 
A2, Neotype third right superior molar, r.M®, 3-4 ridge-crests, ap. 160 mm., tr. 64 mm.., index 40. 
B, Blickotherium blicki Frick. Genotype mandible (length 625 mm.), My-3 (F:A.M. 27062), from near Tapasuma, Gracios, Honduras, 

right external and crown aspects, tusks with compressed sections (A—a, B—B). After Frick, 1933, fig. 4. 
B1, Same, third right inferior molar, r.Mg, 3! ridge-crests, ap. 119 mm., tr. 61 mm.., index 51. 
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THE RHYNCHOROSTRIN/: RHYNCHOTHERIUM, BLICKOTHERIUM, AYBELODON 

RHYNCHOROSTRINES (RHYNCHOTHERIUM, BLICKOTHERIUM, AYBELODON) RECENTLY 
DESCRIBED BY FRICK 

See new (1933) comparative mandibular figures (Figs. 478, 482) 

Rhynchotherium tlascale Obsorn, 1918 

From Tlascala, Valley of Mexico. 

Following the detailed description (pp. 493, 494), the fortunate 

discovery of Falconer’s lost genotype enabled us fully to char- 

acterize the original type specimen (Figs. 448,478, and 482A) 

and to distinguish it clearly from Osborn’s erroneously referred 

neotype (Figs. 467 and 478D) described above (p. 494). 

As clearly shown in figure 448, in comparison with Rhyncho- 

therium brown, and in figure 478E, in comparison with all the 

other known mandibles, the genotype mandible of R. tlascalx 

(cast Amer. Mus. 27003) is distinguished by the following charac- 

ters: (1) Mandible of relatively large size, elongate, and propor- 

tionally shallow as compared with R. browni (D), or still more 
with R. falconert (C). It is thus apparently a more primitive 

stage than either of the above species. The remaining specific 
characters and measurements are: Symphysis very large, less 

strongly decurved than in R. browni or R. fulconeri; incisors round 
with flattened inner section, apparently, from cast, with broad 

external enamel band; Ms; large, ap. 180e mm., tr. 99 mm., index 

55e, with four ridge-crests, tetartolophid partly embedded in jaw; 

diameter of tusk 65 mm. 

Rhynchotherium edense Frick, 1933 

Figures 470, 473, 474, 477, 478G, 479, 481, and 482C 

From Mt. Eden Hot Springs, San Bernardino County, California. Upper 

Pliocene. 

Trilophodon (Tetrabelodon) shepardi edensis Frick, 1921. ‘“Ex- 
tinct Vertebrate Faunas of the Badlands of Bautista Creek and 

San Timoteo Cafion, Southern California.” Univ. Calif. Publ., 
Geology, Vol. XII, No. 5, Dec. 28, 1921, pp. 405-409. TypPr.— 

(Op. cit., p. 405): “The portion of a skull and posterior maxil- 
laries, containing the last molar of the left side and a section of 

that of the right side, Univ. Calif. Coll. Vert. Pal. no. 23501 (fig. 

160); two associated molars from the left and the right side 

respectively, Univ. Calif. Coll. Vert. Pal. 23503, 23504 (figs. 164, 

162).” Horizon anp Locauiry.—Mt. Eden Hot Springs, 
San Bernardino County, Californa; Upper Pliocene. NeEo- 

TyPE.—A partial skull (F:A.M. 18225) with complete mandible 

and dentition (Figs. 478G, 479 of the present Memoir), from 
Uppermost Pliocene deposits to the east of Mt. Eden, southern 

California. 
Grotocic Acr.—(Frick, 1933, p. 516) The fauna affords the 

best known representation of the American Uppermost Pliocene, 
including the typical Pliohippus edensis Frick. 

MartrErRIALs.—The confused history of this species is fully re- 

cited above in the present chapter XI (pp. 496-501, fig. 470, 
Univ. Calif. 23501), in which it is seen that the type grinding 
teeth originally described as ‘“‘ Trilophodon (Tetrabelodon) shepardi 

edensis”’ Frick, 1921 (see Fig. 470, p. 497), were found in the same 

quarry with the twisted tusks now known to be referable to Cordil- 

lerion edensis Osborn (see Fig. 471). Fully confirming the presence 

of a true Rhynchorostrine in the Eden quarry is the juvenile speci- 
men (see Fig. 474, p. 500) referable to the same species, Rhyncho- 
therium shepardi edense, rather than to R. paredensis Osborn, 
1929 (Amer. Mus. 18216B and 18218), a synonym. Finally, from 
the same Eden quarry, Messrs. Joseph Rakand Guy E. Hazen 
discovered in December, 1931, another immature jaw and partial 
cranium (F:A.M. 18225) which Frick described (1933, p. 512) as 

an ‘adolescent neotype’ of Rhynchotherium edense Frick, this 

recent description being as follows (pp. 514, 515, fig. 1, reproduced 
herewith as figure 479): 

“A partial skull [F:A.M. 18225] with complete mandible and 
dentition (Fig. 1) and limb elements from the Uppermost Pliocene 

deposits to the east of Mt. Eden, southern California, afford the 
first evidence of several special characters of the peculiar mastodont 
genus, Rhynchotherium. . . . The new partial skull and mandible 

are unique in exhibiting the existence of a heretofore unseen adap- 
tation between the upper and lower tusks. This adaptation sug- 

gests an hypothesis as to there having been a shear-like action be- 

tween the respective inferior and externolateral enamel bands of the 

opposed upper and lower tusks, and the original raison d’étre, 
perhaps, of the enamel bands common to the superior incisors of 
Tertiary mastodonts. The enamel adaptation immediately recalls 
that of the rodent incisors. The retention of the enamel bands on 
the inferior tusks may well be interpreted as a primitive character. 

. . . An examination of the wear of the opposed tusk surfaces 

suggests that the upper pair of tusks crossed the lower pair some 6 
inches behind the tips of the latter, and thus that the downward 

directed tips of the upper tusks only slightly cleared the external 

edges of the lower pair. The worn surfaces indicate that the tip 
of an upper tusk at times collided with the dorsal surface of a lower 

tusk and that an upper tusk at times was brought between the 
lower tusks. The relatively far greater wear of the upper right 

tusk (Fig. 3) shows that the particular individual was very 

definitely ‘right-handed.’ The study of the surfaces of the opposed 

pairs of incisors of this new Eden specimen (see Figs. 1 and 3) 
suggests that Rhynchotherium may have subsisted largely on the 

vegetation of marshes and ponds, its shear-like incisors and de- 
pressed mandibular symphysis possibly being adapted to the quick 

severing of the slimy roots of succulent water-plants. The inter- 

esting manner in which this depressed-beaked genus differs from 

the earlier appearing and undepressed-beaked Longirostrine masto- 

donts through the apparent general absence of vertical successors 

to the milk premolars of both jaws was first observed in the 

writer’s previous study (1926) of the referred immature Eden 

specimens.” 

SKELETON OF RHYNCHOTHERIUM 

See restorations (Figs. 447 and 477) 

New and valuable is the skeleton of the adolescent neotype 
(F:A.M, 18225) indicating (Figs. 478, 482) an animal equal in size to 

Osborn’s Rhynchotherium falconeri type, slightly inferior in size to 

Osborn’s R. browni type. 
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So. California Rhynchotherium edense Frick, 

neotype Ms, ap. 176 mm. 

Texas Rhynchotherium falconeri Osb., 

type Ms, ap. 173 

Mexico Rhynchotherium brownt Osb., 

type Ms, ap. 176 

The lengths of the limb elements are as follows: 

Humerus 660mm. Femur 860 mm. 

Radius 500 Tibia 490 

Radio-humeral ratio 76% Tibio-femoral ratio 57% 

Metacarpal 1 70 Metatarsal 1 45 

2 110 2 70 

3 125 3 85 
4 110 4 80 

5 90 5 55 
These limb measurements indicate a shoulder height in the 

flesh of approximately 2000 mm. or 6 ft. 6% in. in comparison 

with the estimated shoulder height in the flesh of Serridentinus 

productus (1727 mm. or 5 ft. 8 in.). 

The relative sizes and heights of other known Rhynchoros- 

trines as restored from cranial measurements only are shown in 

figure 477. 

CONTEMPORARY UPPER MIDDLE PLIOCENE FAUNA 

AND FLORA OF EDEN, SOUTHERN CALIFORNIA 

Extremely valuable also is our new knowledge (Frick, 1933) 

of the contemporary fauna and flora of the upper Middle Pliocene 
of the Mt. Eden region of the Mohave desert of southern California 

(cf. op. cit., p. 516). 

FAUNA 

Pliohippus-like species: Platygonus ?sp., a suilline 

Pliohippus osborni Frick Nothotherium ?sp., California 
Pliohippus edensis Frick edentate 

Teleocerine rhinoceros Megalonyx ?sp., California eden- 

Prochenia edensis Frick, a small tate 

camel Hypolagus edensis Frick 

Pliauchenia merriami Frick, a Feline 

huge camel Hyznognathus ?sp. 

Antelopine and Cervine forms 

Prosthennops edensis Frick, a 

suilline 

Hyzxnarctus gregorii Frick 

Plionarctus edensis Frick 

Procyonine or raccoon-like type 

The characteristic upper Middle Pliocene flora, as determined 

by Dr. Ralph W. Chaney, includes: 

FLora 

Riparian type: 

Platanus paucidentata Dorf 

Populus alecanderi Dorf 

Salix coalingensis Dorf 

Chaparral type: 

Ceanothus chaneyi Dorf 

Pinus pieperi Dorf 

Rhus ?sp. 

This flora, lacking representatives of the more humid elements 
recorded from coastal California, represents a vegetation where the 
rainfall was 15 inches or less a year, and where the trees were 
largely restricted to the borders of streams with chaparral and pines 
on the slopes above, a flora equivalent to that now observed on the 

Broad-sclerophyll element: 
Arbutus ?sp. 

Quercus hannibali Dorf 

(cool, dry climate] 

OSBORN: THE PROBOSCIDEA 

landward slopes of the Coast Ranges and in sufficiently moist 

habitats in the Great Valley of California. The modern aspect of 

the flora indicates a rather cool, dry climate. 

Blickotherium blicki Frick, 1933 

Figures 478, 479, and 482 

From near Tapasuma, Gracios, Honduras. Pliocene. 

Blickotherium blicki Frick, 1933. ‘‘New Remains of Tri- 

lophodont-Tetrabelodont Mastodons.” Bull. Amer. Mus. Nat. 

Hist., Vol. LIX, Art. IX, March 2, 1933, pp. 509, 515, 527- 

531. Typr.—(Op. cit., p. 529) ‘Adolescent mandible with 

pi, Mi, M2 (erupting) of both sides, and major portions of both 

tusks. F:A.M. 27062.” [Mi, Me, M;—Osborn] Horizon 

AND Locauiry.—From vicinity of Tapasuma, Gracios, Hon- 

duras. Pliocene. Tyre Ficure.—Op. cit., figs. 3 and 4. 

GENERIC CHARACTERS OF BLICKOTHERTUM.—Frick (1933, p. 

527) ranks the following as generic characters: (1) Peculiarly 

formed symphysis; (2) laterally compressed, enamel-banded 

incisors; (3) peculiar mode of wear of the incisors; (4) the apparent 

presence of a replacement Ps; (5) the elongation and relatively 

moderate depression of the symphysis. This genotypic descrip- 

tion refers to the ‘adolescent’ specimen (F:A.M. 27062). 

The above characters are regarded by Osborn as of generic 

value and of full generic rank; certainly Blickotherium blicki 

represents a distinct line of adaptation. This Honduras species 
therefore, is cited as Blickotherium blicki, Frick, 1933. 

Gerotocic Horizon.—(Op. cit., 1933, p. 527): “The oceur- 

rence of Tertiary mammal remains in the vicinity of Tapasuma, 

Honduras, was first reported to the Museum by Mr. A. W. An- 

thony. The latter had visited this area in 1927 during the course of 

a collecting trip for the Department of Mammals, and had secured 

four teeth of a small Hipparion-like form and a mastodont pre- 

molar. . . . Two extraordinary mandibles, the one an adolescent 

specimen [F:A.M. 27062] with ps-m2 and peculiarly formed 

symphysis containing very Rhynchothere-like laterally compressed 
and enamel-banded incisors (Fig. 4 [see Figs. 479, 478H]), 

were secured from an Honduras horizon of Upper Pliocene facies 

by Mr. John C. Blick in the winter of 1929.” 

History.—The first references by the author to this species 

are as follows: 

(p. 515) ‘The only other mastodont known to the writer in 
which the lower tusks are of somewhat similar cross-section, or 

similarly banded with enamel, is that from Honduras described in 

the next section under Blickotheriwm blicki, n.g. and sp.” 

(p. 527) “The combination of characters in the Blick adolescent 
mandible is unique—for while the laterally compressed and ex- 

ternally heavily banded incisors differ from all Longirostrine species, 

as at present known, and at once suggest Rhynchotherium, the 

wear of the incisors, the apparent presence of a replacement ps 
and the elongation and relatively but moderate depression of the 

symphysis separate the specimen very definitely from the genus, 

Rhynchotherium, as now understood.” 

Mareriats.—The genotype is the nearly complete immature 

mandible (F:A.M. 27062), an adolescent specimen with Mi, Me in 

use and the tetralophoid r.M; partly buried in the jaw, with strongly 

compressed lateral incisive tusks and broad enamel band, as well 

represented in Frick’s type figure (1933, p. 526, fig. 4), reproduced 
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in the present Memoir as figure 478H after Frick: “Fig.4. F:A.M. slender type of Rhyr j ; } : S fig : .4, F:A.M. pe whoth Blick 
27062, Blickotherium blicki, n.g. and sp., genotype (p, restored (Fig. 478B). tN ee 
from sypgeite) Osborn in the present Memoir (p. 489) refers GENERIC CHARACTERS OF AYBELODON (Frick-OsBorn).— 
Mastodon’ euhypodon (Amer. Mus. Cope Coll, 8528) to the genus (1) Inferior incisors large, broad, closely appressed, upeurved 
Blickotheriwm, possibly ancestral to B. blicki. without trace of enamel band; (2) symphysis extremely leaineic: ’ 

A, AYBELODON HONDURENSIS Frick, 1933, Tyee. 
Fig. 480. RayNcHOROSTRINE. AYBELODON HONDURENSIS Frick, 1933, GENoTYPE MANDIBLE 

FROM NEAR TAPASUMA, Honpuras, CENTRAL AMERICA 

Mandible about one-fifth natural size; molar seven-seventeenths natural size. See figures 478 and 482 of the comparative series of 

Rhynchorostrine jaws. 
A, Genotype mandible, length 1180 mm. (F:A.M. 27075). After Frick, 1933, fig. 5. 

Al, Same, inferior aspect, after Frick, 1933, fig. 5; A2, superior aspect, fig. 18. 
A3, Same, third inferior molar, r.Ms, 444 ridge-crests, ap. 173 mm., tr. 76 mm., index 44. After Frick, 1933, fig. 5. 

Aybelodon hondurensis Frick, 1933 laterally compressed, upeurved; (3) first and second inferior molars 

Figures 478, 480, and 482 small, dehiscent in early age; (4) third inferior molars relatively 

broad and short with very thick enamel, ap. 173 mm., tr. 76 mm., 
index 44, as compared with Rhynchotherium falconeri, ap. 173 mm., 

The name Aybelodon (Frick, letter, Sept. 26, 1933) signifiés tr. 80 mm., index 46, or with B. euhypodon type, ap. 182 mm., tr. 

“A” recalling Amebelodon with which the subgenus was grouped in 78 mm., index 43; (5) ridge-crests of My 4%; (6) mandibular rami 

the “Superlongirostrines” (Frick, 1933, p. 547). of the long, relatively slender type (see Fig. 478). 

This is certainly the longest and most slender mandible and Speciric CHARACTERS OF AYBELODON HONDURENSIS (FRICK- 

rostrum thus far observed; the nearest resemblance to it is the Ossorn).—Partly included above. Total length of aged mandible, 

From near Tapasuma, Gracios, Honduras, Central America. Pliocene. 
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condyle to symphysis, 1180 mm.; depth below anterior end of 

M; 170 mm.; symphysis extremely narrow, transverse exceeding 

vertical diameter, as contrasted with Rhynchotherium blicki (see 

below). 

Aybelodon hondurensis Frick, 1933. ‘‘New Remains of Tri- 

lophodont-Tetrabelodont Mastodons,” Bull. Amer. Mus. Nat. 

Hist., Vol. LIX, Art. IX, pp. 527, 528, 532, 533. Tyer.— 

_.. ‘a mature mandible with unusually elongated symphysis 

and extremely heavy buffer-like incisors (Fig. 5) [p.527] . . . Large, 

aged, mandible with m2, both m;s and broken tusk bases [p. 532].” 

An aged mandible (F:.A.M. 27075), left ramus and symphysis, 

and left inferior incisive tusk nearly complete; posterior portion 

of right ramus wanting; second inferior molars dehiscent, third 

inferior molars with fourth to third ridge-crests much worn, as 
shown in figure 480 A-A3. Left mandible reversed to right side 

in drawing. Horizon and Loca.iry.—(Cf. op. cit., p. 

528): The particular Tapasuma, Honduras, deposit, on the basis 

of the fragmental and as yet undescribed fauna secured by Mr. 
Blick, is interpreted as representing the Upper Pliocene: [Blicko- 

therium blicki, Aybelodon hondurensis], Hyxnognathus ?sp., Plio- 

hippus ?sp., Hipparion ?sp., Merychippus ?sp., Protohippus ?sp., 

Teleoceras (teleocerine rhinoceros), Procamelus ?sp. TYPE 

Ficure.—Op. cit., figs. 5, 18, and 18. 

GENERAL CHARACTERS.— Of the genotypic specimen (F:A.M. 

27075) the author observes (op. cit., p. 527): “The inferior tusk of 

the adolescent specimen [Blickotheriwm blicki] is not of correspond- 

ing cross-section with that of the aged mandible, the tusk of which 

in turn is without any visible suggestion of the extremely char- 

acteristic enamel band of the former. It is, of course, possible 
that in the aged specimen the enamel may have been once present 

and then lost in advanced maturity, much as the enamel of the 

upper tusks seems to tend to be reduced to lost with increasing 

age in certain Longirostrine individuals. (Compare specimens 

figured, Fig. 2). Neither the cross-sections of the great tusks of 

the aged mandible, nor the elongation and straightness of its sym- 

physis, nor the unusual keel of its ventral surface (see cross-sec- 

tions) indicates that this large mandible might be of the same 

species as the adolescent specimen. The range of size in the entire 

Honduras series, as observed in a comparison of the largest and 
smallest m*s [M,] from the one locality, is 20 per cent... . . For 

convenience, to the latter species [A ybelodon hondurensis]| are tenta- 

tively referred detached mastodont remains from the same Hon- 

duras area. Such remains include an immature ramus with ps germ 

(possibly better referred to the first species), two toothless rami 

and some seventeen teeth . . . etc. specimens listed below.”’ 

Mareriats.—The materials are described and designated by 

Frick (1933, pp. 532, 533) and partly figured (figs. 4 and 24). 

Besides the type, the following specimens are referred, some of 

which may belong to Blickotherium blicki: 

Immature rami: F:A.M. 27060 (Fig. 4), 27061, 21944 (Fig. 4). 

Mature remains: F:A.M. 27076 (Fig. 24), 27070, 27071, 

27069 (Fig. 24), 27066, 27067, 27068, 
27064, 27065, 27072, 27077, 27078, 
27079A-E, 27073, 27074. 

1(( )) =estimated. 

PROBOSCIDEA 

CHARACTERS OF THE Type MANprsBLe.—(Frick, 1933, p. 532, 

fig. 5): “The vertical ramus, condyle and coronoid process are 

low. The symphysis is strong and straight and very elongate, and 

the inferior surface is furnished with a peculiar keel. The inferior 

tusks are of unusually heavy cross-section, concave inwardly and 

with the depression of the superior outer contour continued to the 

dorsoventrally narrowed tusk-roots, which extend well posterior 

of the main mental foramen and to within 20 mm. of the posterior 

symphysis. There is no suggestion of the presence of an enamel 

band. The last molars and m» are retained and much worn. The 
absence of the distal extremity of the symphysis forbids exact 

determination of the elongation of the latter, which at the least 

must have been unusual.” 

REFERRED.—In the superior tusks, the author cites proof of 

the characteristic enamel band (p. 532): ‘An anterior section of a 

tusk (F:A.M. 27075A), possibly representing a distal section of the 

upper left side, found in association with the mandible, is of some- 

what smaller cross-section than the preserved posterior portions 

of the inferior tusks of the latter specimen. The particular tusk 

section exhibits a tendency toward inward and forward curvature. 

The presumed outer surface has the remnants of an enamel band. 
The presumed inner side is noticeably flattened (possibly through 

contact with the trunk) and the superior surface flat and seemingly 

somewhat gouged.” 

Table Aybelodon —_Blickotheriwm Rhynchothertum 

(op. cit.,p.528) hondurensis blicki type edense neotype 

modified by type F:A.M.27062 F:A.M. 18225 

Osborn F:A.M. 27075 

|11\ ores Aci.ocis 47.7 mm. 104e 

ms ((110))! mm. 86 128 

ms 173 119 176 
p.s.-alv. pouch 400 400 

p.s.-i. br. ((492+)) 

Tusks: 

Estimated 

length gen oe hee 330 2 

Vertical 

diameter 70 48 

Transverse 

diameter 61 29 

Jaws: 

Mandibular 

length 1180 625 670 

Osborn, 1933: The type inferior incisors exhibit no trace of 

the enamel band which is the most distinctive character of the 

subfamily Rhynchorostrine. As Frick observes (p. 527—cited 

in full above) . . . “‘of the aged mandible, the tusk of which in 

turn is without any visible suggestion of the extremely character- 

istic enamel band. . . . It is, of course, possible that in the aged 

specimen the enamel may have been once present and then lost in 

advanced maturity.” 
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9. SUMMARY OF THE EVOLUTION OF THE RHYNCHOROSTRINES 

These animals are the rarest of all the mastodonts and it has proved extremely difficult to work out their 
evolution from the few fractured and widely scattered specimens which have come to the author’s knowledge. 

Fig. 481. 

uniformly reduced to about one-fifteenth natural size. 
Rhynchotherium types as mounted in the American Museum 

E, Rhynchotherium rectidens type 

tusks (cranium restored in 

plaster) 

F, Rhynchotherium shepardi type 
C, Rhynchotherium shepardi edense tusks (cast) (cranium restored 

type in plaster) 

D, Rhynchotherium [Blickotherium| G, Rhynchotherium chinjiense type 
euhypodon type lower jaw 

A, Rhynchotherium falconeri type 

B, Rhynchotherium browni type 

Referring to the subfamily and generic distine- 
tions of the Rhynchorostrines enumerated above, we 

may add the following list of persistent primitive and 
progressive characters in the evolution of these singu- 

lar mammals: 

PERSISTENT PRIMITIVE CHARACTERS 

1) Grinding teeth persistently brachyodont or 

short crowned; no evidence of hypsodonty or deposi- 

tion of cement. Enamel unusually thick. 

2) Simple external trefoil spurs on inferior molars 

and internal trefoil spurs on superior molars; no trace 

of doubling of the trefoil spurs; inferior trefoils rudi- 

mentary or wanting in Rhynchotherium chinjiense (Fig. 

476). 

‘central conules’ absent. 

Inferior ‘central conules’ variable, superior 

3) Third superior molars relatively broad and 

short, with from three and a half ridge-crests (Rhyncho- 

therium brevidens) to four plus ridge-crests (R. [Blicko- 

therium| euhypodon); two conelets on the summits of 

the cones. 

4) Third inferior molars less elongate than in 

Trilophodon, proportions as in Serridentinus, with two 

conelets on the internal cones (R. anguirivale), ex- 

ternal trefoils confluent on prolonged wear (R. anguitri- 

vale — Fig. 465), thick, blunt enamel borders (R. 

anguirivale, R. falconeri), four plus ridge-crests and two supplementary conelets representing the pentalophid. 

5) Second superior and inferior molars persistently trilophodont. 

also trilophodont (R. shepardi edense ref.—Fig. 474). 

Third and fourth superior milk premolars 

In contrast to these non-progressive grinding teeth characters we observe the following: 

PROGRESSIVE CHARACTERS 
6) Superior incisive tusks progressive, elongated, and laterally flattened, with broad persistent external 

enamel band, as shown in a comparison of R. shepardi (Fig. 459), R. rectidens (Fig. 461), and R. [Blickotherium| 

euhypodon (Fig. 462). 

7) Inferior tusks progressive, compressed laterally, elongated, upturned, with persistent lateral enamel band, 

as shown in comparison of R. shepardi (Fig. 459), R. browni (Fig. 467), R. [Blickotherium| euhypodon (Fig. 

462), R. falconeri (Fig. 468), R. shepardi edense, immature (Fig. 474), Blickotherium blicki (Figs. 478H, 479); 

tusks entirely without enamel, Aybelodon hondurensis (Figs. 478F, 480). 
. 
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Cope: Amer. Mus. 8532 

FALCONERI 
TYPE 

RHYNCHOTHERIUM 

EDENSE 
NeotyPe 

RHYNCHOTHERIUM 

BROWNI 
Type 

RHYNCHOT HERIUM 

SPENCERI 
TYPE 

F:A.M. 18225 

AYBELODON 

HONDURENSIS 

C 

BLICKOTHERIUM 

B BLICKI 
GENOTYPE 

EUHYPODON 
TYPE 

BLICKOTHERIUM 

F:A.M. 27075 
I 

F:A.M. 27062 

Cope: Amer. Mus. 8528 

Fig. 482, Trienytetic EvotuTion or THE RHYNCHOROSTRIN®]. Compare Figure 478 
Recent discoveries by Frick and others demonstrate clearly that the Rhynchorostrinae are not monophyletic but triphyletic; they subdivide into three 

wholly distinct lines of generic descent, obviously in adaptation to the search for three different kinds of food in three different habitats. 

RuYNCHOTHERIUM 
Relatively massive jaws progressively abbre- 

viated and deflected. 

(D) R. falconeri. Ramus strongly abbreviated, 
sharply deflected, retaining second and _ third 
grinders only. 

(C) R. edense. Ramus sharply deflected, retain- 

ing first, second, and third molars. 

(B) R. browni. Ramus less deflected, relatively 
more elongated, retaining first, second, and third 
molars. 

(A) R. tlaseale. Ramus relatively long and 
powerful, less deflected, retaining first, second, 
and third molars. 

BLICKOTHERIUM 

(G) Blickotherium blicki. Mandible much more 

slender, less sharply deflected, retaining first, 
second, and third molars. 

Possibly ancestral to Blickotherium blicki. 

(F) Blickotherium euhypodon. Ramus slender, 

rostrum less deflected, retaining third molar in 
adult stage. 

Possible ancestral form of northern Egypt. 

R. spenceri. Ramus moderately deflected, re- 
taining second and third molars. 
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AYBELODON 

(H) Aybelodon hondurensis. Differing from the 
other Rhynchorostrines in the total absence of 

enamel on the incisive tusks. Imperfectly known. 

Mandible extremely long and slender; adult re- 
taining second and third molars. Rostrum also 

extremely long and slender, slightly upturned. 

Coronoid, condylar, and angular borders quite 

different from those of Rhynchotherium or Blicko- 
therium. Probably of very different habits from 

either of the above genera. 
© 
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8) The abbreviation and deflection of the rostrum of the lower jaw are most distinctive progressive characters, 
as shown in a comparison of Rhynchotherium spenceri (Fig. 455), R. |Blickotherium| euhypodon (Fig. 462), R. 
browns (Figs. 467, 478D, 482B), R. falconeri (Fig. 468), and R. shepardi edense (Fig. 478G). 

Finally, in Rhynchotherium falconeri, the characteristic upper concavity and symphysis of the rostrum are 
obliquely deflected downwards. Accordingly the abbreviation and deflection of the rostrum are highly distinctive 
progressive characters of the Rhynchorostrines. 

The strongly compressed superior tusks were apparently similar in function to the rounded tusks of Tri- 
lophodon and to the angulate-oval tusks of Serridentinus; this function may have partly assisted in pulling down 
the branches of trees, partly in offense and defense in the contests between the males. The upturned, enamel- 

bordered inferior tusks, on the other hand, which appear to increase in length and in vertical diameter, were doubt- 
less used in an upward action, because of their upcurved and deep vertical section calculated to resist vertical 

strain; the progressive reduction in the length of the lower jaw, in widest contrast to the progressive elongation 

of the lower jaw in Trilophodon, does not preclude the idea that the lower tusks reached the ground for purposes 

of uprooting tuberous or other plants; consequently the precise function of the lower tusks is difficult to surmise. 

While these important functional changes were taking place in the upper and lower incisive tusks and in the 

rostrum of the jaw, the grinding teeth remained relatively unchanged, simple, brachyodont, with single trefoils, 

three ridge-crests in M, and four plus ridge-crests in M;; these grinding teeth, therefore, must be closely examined 

to distinguish them from those of the more primitive species of Trilophodon and of Cordillerion. In figuring and 

describing the third inferior and superior grinders of Rhynchotherium, we have given invariable marks of distine- 

tion which appear on careful examination. This distinction of Rhynchotherium grinders from those of Cordillerion 

is all the more important, because in southern California and in Mexico the range of the species belonging to these 

two genera completely overlaps. 

Rariry.—Finally, we are disposed to explain the rarity of the Rhynchorostrines as due to their forest-loving 

habits in contrast to the savanna- and plains-loving habits of Trilophodon and the widely ranging species of 

Cordillerion. 

Hopwood (letter, Feb. 10, 1932) remarks that the evidence for the occurrence of Rhynchotherium in the 

Siwaliks of India is very slender. In the Museum of Calcutta there are one or two decurved, medirostral sym- 

physes, and in the British Museum there is one symphysis from the ‘lower horizon’ of the Middle Siwaliks, pre- 

sumably the Nagri, of Mithrala in the Attock District; in this last specimen the tusks are broken off short, and 

it is not possible to observe whether they have lateral enamel bands or not, but their vertical diameter is in ex- 

cess of the transverse diameter, this appearing to be one of the main characters of Rhynchotherium. 
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Rhynchotherium falconeri-h 

Fig. 483. THEORETIC MIGRATION LINES OF THE RHYNCHOROSTRIN ® ( . 

(5) Rhynchotherium spenceri, North Africa. (11) Rhynchotherium chinjiense of India, (1, 3, 4, 6-10, 14) Main line of Rhynchotherium. (2, 12) Side 

line of Blickotherium. (13) Side line of Aybelodon. 
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CHAPTER XII 

THE SOUTH AMERICAN MASTODONTS, OF THE GENERA CORDILLERION, 
CUVIERONIUS, AND NOTIOMASTODON 

CUVIER’S CLASSIC TYPES OF ‘‘MASTODONTE DES CORDILIERES”’ AND ““MASTODONTE HUMBOLDIEN.” 

DISCOVERIES OF ANDEAN AND OF PAMPEAN SPECIES, ALSO OF NORTH AMERICAN ANCESTORS. THEORIES OF PHY- 

LOGENY AND RELATIONSHIPS. FINAL SEPARATION OF THE NOTOROSTRINES INTO CORDILLERION AND CUVIERONIUS. 

DISCOVERY IN THE WESTERN AND SOUTHERN UNITED STATES. INCLUSION OF EUBELODON IN THE HUMBOLDTIN. 

AS ANCESTRAL TO CUVIERONIUS; ALSO OF STEGOMASTODON. REFERENCE OF NOTIOMASTODON TO THE SERRI- 
DENTIN &.! : 

SUCCESSIVE 

I. Hisroricat INrRopucTION. 2. 

1. Period of Cuvierian description (1806-1824). 

2. Amplification by Desmarest, de Blainville, 3. 

Osborn (1923-1926) separates the genera Cor- 

dillerion and Cuvieronius. 

Systematic revision of the genus Cordillerion and 

D’Orbigny, Laurillard, and Gervais (1818— 

1855). 

South American species and materials (Lund, 

its included species up to the year 1927. 

New knowledge of Cuvieronius afforded by re- 

cent discoveries in Bolivia (Tarija) and in 

Ecuador (near Punin and Alangasi). 

Systematic revision of the genus Cuvieronius 

up to the year 1935. 

6. Synopsis and critique of Dr. Angel Cabrera’s 

Revision of the Argentine Mastodonts, includ- 

ing the new genus and species Notiomastodon 

ornalus. 

Ameghino, Moreno, Philippi, Nordenskidld, 

1837-1903, Carette, 1919, Boule, 1920). 0. 

4. Discovery of Mexican and North American 

species. Phylogenetic and specific revisions 

by Cope, Lull, and Boule (1884-1920). 

5. The Notorostrines described from Mexico (Cope, 

Felix, Villada, Freudenberg, 1884-1922). 

6. Tambla tooth of Central America. III. 

California, Texas, and Arizona species. 

8. Order of discovery and description of thirty South 

American and North American species. 

DESCRIPTION OF EUBELODON MORRILLI OF NEBRASKA, 
WITH RESEMBLANCES OF EUBELODON TO CUVIERONIUS. 

1. Description of Eubelodon morrilli type, of 

Nebraska. 

2. Referred skull and tusks of Eubelodon morrilli, 

Frick Pliocene Collection. 

Sa 

II. Synopsis AND PHYLOGENETIC REVISION UP TO 1929. 

1. Osborn’s separation of the subfamily Notoros- [y, 

trine (1921-1926). 
Synopsis (1934) or THE NoTorRosTRINE AND Hum- 
BOLDTINE MASTODONTS OF SOUTH AND NORTH AMERICA. 

I. HISTORICAL INTRODUCTION 

(Osborn, 1935) The Notorostrinz (Osborn, 1921-1926), as revealed by recent discoveries, have been reclassified as follows: (1) The 

mastodonts typified by ‘Mastodon’ andium are true Notorostrines; (2) the Humboldtinz (Osborn, 1934.922, .924, .926) of the Hum- 

boldtidz fam. nov., embrace the genera Cuvieronius, Eubelodon, and Stegomastodon; (3) Notiomastodon Cabrera, 1929, genotype N. 

ornatus, referred species N. argentinus Ameghino, proves to belong to the Serridentine mastodonts, for the reception of which Osborn 

has made the new subfamily Notiomastodontine (see this Chapter, pp. 590-592, also Appendix to the present Volume I). 

The historical introduction of the present chapter is devoted to a long and detailed account of the discovery 

and final recognition of the distinctive characters of the mastodonts peculiar to South America. It is certainly 

remarkable that whereas four subfamily branches of the Proboscidea extended as far as the great plateau of 

Mexico, namely, the Rhynchorostrines, the Serridentines, the Notorostrines, and the Archidiskodonts, to our 

present knowledge only three kinds of mastodonts, and one species of Parelephas, succeeded in crossing the 

equatorial forest belt north and south of the Isthmus of Panama and in penetrating the great continent of 

South America. 

The members of these fortunate migrants enjoyed this great South American theatre for their adaptive 

radiation into mountain-loving and plains-loving mastodonts, in many features wholly distinctive, in other 

features paralleling their North American and Eurasiatic relatives. 

'Notiomastodon made the type of the Notiomastodontine subfam. nov., of the new family Serridentidw (see Appendix to present Volume I). 
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It is not surprising, in view of the close similarities between the grinding teeth of ‘Mastodon’ andium and those 

of Trilophodon angustidens, and the teeth of ‘M.’ humboldtii and those of Tetralophodon longirostris, that it has re- 

quired a hundred and twenty years of research to establish on other characters the independent subfamily history 

of the Notorostrine, as well as the clear separation of the generic phylum Cordillerion of the Andes from the 

generic phylum Cuvieronius of the plains. 

1. PERIOD OF CUVIERIAN DESCRIPTION (1806-1824) 

The century-long bibliographic history of this subfamily begins in 1806 with Cuvier’s description of the 

Mastodonte des Cordiliéres and concludes with the names applied by Frick (1921), Freudenberg (1922), Hay 

(1926), and Gidley (1926), to northerly species recently discovered in southern California, Mexico, Texas, Ne- 

braska, and Arizona respectively. 

ConFrusepD NoMENCLATURE.—The early specific nomenclature was confused by Cuvier’s failure to apply con- 

sistently the binomial system of Linneus, so that his Mastodonte des Cordiliéres (=Mastodon andium) was confused 

with Mastodonte humboldien Cuvier, 1806 (= Mastodon humboldtii Cuvier in Desmarest, 1818), and Mastotherium 

hyodon Fischer, 1814. Otherwise stated the history is as follows: 

The first species described from South America was the Mastodonte des Cordiliéres Cuvier, 1806 (=M. cor- 

dillerarum Desmarest, 1820-1822=M. andium Cuvier, 1824); the second species was the Mastodonte hum- 

boldien Cuvier, 1806 (= Mastodon humboldtit Cuvier in Desmarest, 1818, Mastodon Humboldii Cuvier, 1824). It 

was not until 1824 that Cuvier applied the name Mastodon andium to the Mastodonte des Cordilieres. The molar 

types of these two species were from the first very clearly distinguished by Cuvier and his successors by the 

possession of single trefoils (M. andium) and of double trefoils (M. humboldti). 

The only way to clear the confusion in the nomenclature is to adopt our standard rule, which carries us back 

to the original type descriptions and type figures of Cuvier contained in his writings of 1806, as follows: 

La grande 4 dents carrées, { = Mastodon andium Cuvy., 1824, = Mas- Ann. Mus., VIII, pp. 411, 413, Pl. 67 

Mastodonte des Cordiliéres [op. cit., todon cordillerarum Desm., 1820-1822, [u], Fig. 1. (Type confirmed by de 

p. 413] =Cordillerion andium of Osborn, Blainville in his revision of 1839-64, 
{prés du volean d’Imbaburra, 1926] p. 249) 

Quito, Ecuador 

Et la plus petite, [=Mastodon humboldtii Cuvier in Des- Ann. Mus., VIII, pp. 412, 413, Pl. 67 
Mastodonte humboldien [op. cit., p. 413] marest, 1818, p. 447 =Cuvieronius {u], Fig. 5. (Type confirmed by de 

{de la Conception du Chili] humboldtii of Osborn, 1923] Blainville in his revision of 1839-64, 

p. 249) 

‘M. Anpium’ Cuvier, 1824.—We follow de Blainville and Falconer as well as all subsequent continental authors 

up to Marcellin Boule, and all American authors excepting Cope, in adopting Cuvier’s specific name andium. 

The name ‘M. cordillerarum’ Desmarest, 1820-1822, refers to the same type description of the Mastodonte des 

Cordiliéres Cuvier (1806.3) as that to which Cuvier’s description refers when he applied the name ‘Mastodon 

Andium’ in 1824. Technically, therefore, the species name cordillerarum Desmarest, 1820-1822, antedates the 

name ‘M. Andium’ Cuvier, 1824, but since Cuvier clearly defined, figured, and distinguished this species in 1806 

as Mastodonte des Cordiliéres, it seems to be paleontologic justice to adopt Cuvier’s name Mastodon [| =Cordil- 

lerion| andium. Desmarest garnered where he did not work, and it was probably not his intention to rob Cuvier 

of the specific name ‘andium’ but to Latinize the term Cordiliéres, as we have Latinized Cuvier’s generic term 

Mastodonte. 
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Cuvier’s Tyre Ficures or ‘M.’ anpium (Fic. 486) anv or ‘M.’ nuMBoLpTu (Fic. 487) 

Fig. 486. Original type figure of Mastodonte des 
Cordiliéres Cuvier, 1806, Pl. 67 (11), fig. 1 =Masto- 

don andium Cuvier, 1824. A second molar. About 

seven-tenths natural size. From near Quito, Ecuador. 

This type belongs in the Muséum d'Histoire 

Naturelle, Paris, but could not be located for the 

writer during his visit of 1921; an r.M?. 

Fig. 487. Original type figure 

of Mastodonte humboldien Cuvier, 

1806, Pl. 67 (11), fig. 5 = Mastodon 

humboldtii Cuvier in Desmarest, 

1818. A first or second molar 

About one-half natural size. 

From near Concepcion, Chile. 

This type belongs in the Mu- 

séum d'Histoire Naturelle, 

Paris, but could not be located 

for the writer during his visit 

of 1921; r.M, orr.Mo. 

Observe double trefoils. 
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Tuirp Surerton Moiar or Cuvierontius (Upper), 

oF CorDILLeRiIon (LowER 

Fig. 488. Third superior molar of Mastodon | =Cuvieronius)} 

humboldtii: “9. Sixiéme molaire supérieure (de Buenos-Ayres).”’ 

After Gervais, 1855, Pl. v, fig 9, one-third natural size. 

| =Cuvierontius (?)platensis.| 

Third superior molar of Mastodon | = Cordillerion| andium 

“3. Sixiéme molaire supérieure {of Tarija, Bolivia).”’ After 

Gervais, 1855, Pl. v, fig. 3, one-third natural size. 

Observe single trefoils. 

In Fischer de Waldheim’s ‘‘Zoognosia’’ of 1814, Vol. III, pp. 337-341, appears the following citation of 

Cuvier’s species of Mastodon Cuv.= Mastotherium Fischer: 

76. MastotHertum. Dentes incisores superiores duo, longissimi, sursum versi. 

Canini nulli. 
Molares corona elevata, tuberculis conicis s. mammillaribus. 

Proboscis ut in Elephante. 

Mostotherium [Mastotherium], Fischer; Mastodonte, Cuvier; Harpagmotherium, Fischer; Elephas Quorundam. 

Nota. Nomen 76 Mastodonte indicat animal cujus dentes molares habent coronam ex tuberculis mammillaribus forma- 

tam, a wasos, mamma; auctor vero pretulit nomen 7d mastotherium, ad legem generalem, a celeberrimo Cuvier ipso 

tacite consecratam, conservandam, secundum quam, animalia nimirum fossilia, ut terminatione, simili in therium 

in systemate indicentur, necessarium esse judicavimus. 

Mastotherium convenit variis characteribus cum Elephante, cui proximus, et proboscide et dentibus inciseribus promi- 

nentibus. Differt vero ab eo molaribus tuberculatis, carnivoris propriis. Est itaque animal carnivorum forme 

Elephantis. 

Variis in regionibus ossa fossilia hujus animalis inveniuntur, inprimis in America septentrionali circa fluvium Ohio, 

in Sibiria, Germania, Gallia, Italia eque existunt, ut ex observationibus variorum constat. . . . 

G. Cuvier, Sur le grand Mastodonte, animal trés-voisin de |’éléphant, mais 4 macheliéres hérissées de gros tubercules, 

dont on trouve les os en divers endroits des deux continens, et surtout prés des bords de |’Ohio, dans l' Amérique 

septentrionale, proprement nommé Mammonth par les Anglais et par les habitans des Etats-Unis. 

V. Annal. du Mus. VIII. p. 270-312. 

Idem Sur différentes dents du genre des Mastodontes, mais d’espéces moindres que celle de l’Ohio, trouvées en plusieurs 

lieux des deux continens. 

ibidem. p. 401-424. mre 

Cuvier opere hoe, ingeniose, uti solet, absoluto, quinque stabilivit species Mastotherii, que forma et magnitudine 

molarium omnino inter se differunt: 

1. Mast. megalodon, (le grand Mastodonte, Mastodonte de |’Ohio, Cuvier;) dentibus molaribus magnis, (ad 17 libras 

ponderantibus) tuberculis distantibus. 

cirea fluvium Ohio. 
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2. Mast. leptodon, dentibus molaribus, tenuibus s. compressis. 

le mastodonte 4 dents étroites Cuvier. 

in gallia (Simorre) et aliis regionibus Europe, et Americe. 
Mast. microdon, dentibus molaribus minoribus. Petit mastodonte, 4 petites dents, Cuvier. 

in Saxonia, Montabusard, et alibi, similis simorrensi s. leptodonti, sed tertia parte minor. 

4. M. hyodon, dentibus molaribus tuberculis intermediis cubicis s. tetrangularibus. 

le Mastodonte des Cordiliéres; Cuvier. 

Magnitudine accedit Mast. megalodonti. 

in America prope Cordilleras. 

5. M. Humboldtzi, similis preecedenti, sed tertia parte minor. 

Humboldt ossa hujus speciei prope Vuleanum /mbaburra, regni Quito, altitudine 1200 mensur. gall. (Toises) invenit. 

oo 

As treated in the present Memoir, Mastotheriwm hyodon = Cordillerion andium, and Mastotherium Humboldtii = 

Cuvieronius humboldtiz. 

2. AMPLIFICATION BY DESMAREST, DE BLAINVILLE, D’ORBIGNY, LAURILLARD. 
AND GERVAIS (1818-1855) 

From de Blainville’s revision (1845) of the Proboscidea onward all French authors ignored the confusion in 

the names and all the specimens found in different parts of South America were referred either to Mastodon 

andium Cuvier or to M. humboldtii Cuvier-Desmarest, by de Blainville (Ostéographie, 1839-1864), D’Orbigny 

(Paléontologie, 1842, Pls. x and x1), Laurillard (Dictionnaire d’Hist. Nat., 1846, p. 30), and Gervais (Mam. Foss., 

1855); the latter author published figures (Fig. 504) of referred posterior molars, M*—Msg, valuable as amplifying 

the characters found in Cuvier’s types which consist of second molars, M?-Ms, in both species. 

Consequently these two names have been recognized throughout the literature as founded on characters 

clearly displayed in the two types of Cuvier (Figs. 486 and 487). It would be a calamity to reopen the question 

of confused nomenclature and priority when these two names have been firmly established by over a century 

of usage and in thousands of publications. 

3. SOUTH AMERICAN SPECIES (LUND, 1837-1841, AMEGHINO, 1888-1891, MORENO, 1888, 

PHILIPPI, 1893, NORDENSKIOLD, 1903, CARETTE, 1919, BOULE, 1920) 

The present Section I, 3, on South American species is continued in Section II, 4 and 6, of the present chapter. 

In 1841 (1837) Lund described a mastodon from the caves of Brazil, but it is not very clear from his descrip- 

tion whether he likened it to Mastodon humboldtit or to M. andium. In citing this description, Lesson gives the 

animal the name Mastodon Brasiliensis Lund. In the present Memoir this name is added to the list of species, 

without definition, as equivalent to Cuvieronius brasiliensis. While de Blainville (1839-1864), D’Orbigny (1842), 

Laurillard (1846), and Gervais (1855) greatly amplified our knowledge of the characters of these two species, as 

clearly set forth below in the descriptions of Mastodon andium and of M. humboldtii, they did not add to or change 

the nomenclature. 

Consequently we may pass on to the works of Ameghino (1888-1891), of Moreno (1888), and of Philippi 

(1893), in which a considerable number of new specific names were added to the literature, based on types found 

in the Argentine and in the Andean regions respectively. 

In 1903 very substantial additions were made by Nordenskiéld to our knowledge of Mastodon andium at 
Tarija, Bolivia, and for the first time both M. andium and M. humboldtii were clearly distinguished from each 
other by characters which Osborn in the present Memoir regards as of generic value. 
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In the year 1919 Eduardo Carette published his “Los Proboscideos Fésiles Argentinos,” in which he reviewed 
the theories of Ameghino, Andrews, and Schlesinger on the origin and phylogeny of the Proboscidea, adopted 
(p. 171) a generic classification somewhat similar to that in the present Memoir, and presented (p. 173) 
revision of the species of Cuvier, of Ameghino, and of Philippi, as reproduced in full below. 

a critical 

In 1920 this was followed by Marcellin Boule’s Memoir based on equally fine materials collected in Tarija 
which are fully discussed in his Memoir and presented in abstract in the present Memoir. Like Nordenskiéld 
Boule concludes that these mastodonts are chiefly referable to the two species M. andium and M. humboldtii 
included within the single genus Mastodon. 

In all the above memoirs and papers there is constant adherence to the original terms of Cuvier and Des- 
marest, namely, Mastodon andium and Mastodon humboldtii, although Boule clearly recognizes that these two 
species are related, by the possession of single or double trefoils, not to the true Mastodon but rather to the buno- 
mastodonts, deriving (p. 532 of the present memoir) both classic species from T'rilophodon angustidens. 

Meanwhile Cope published (1884.2) his paper on the “Extinct Mammalia of the Valley of Mexico,” in which 
he combined the two species MW. andium and M. humboldtii under his new genus Dibelodon. 

In 1929 Angel Cabrera completely revised the Notorostrines. In 1928-1931 Franz Spillmann added new 
primitive mastodonts [Humboldtines| from Ecuador. 

Five New Sourn AMERICAN SPECIES PROPOSED BY AMEGHINO, 1888-1891 

In his preliminary diagnosis of 1888, entitled ‘““Répidas Diagnosis de algunos Mamfferos Fésiles Nuevos,” 

Ameghino described three new species of mastodonts from South America, namely, Mastodon argentinus, M. 

platensis, and M. superbus. This was followed in 1889 by his great Memoir ‘‘Contribucion al Conocimiento de 

los Mamfferos Fosiles de la Reptiblica Argentina” in which he summed up his views on phylogeny and distribu- 

tion (pp. 650-652), describing another new species, Mastodon rectus (p. 643). It was not until 1891, in his paper 

in the Revista Argentina de Historia Natural, Tome I, p. 243, that he gave the name Mastodon maderianus to 

the mastodont specimen found while excavating at Puerto Madero in Buenos Aires. 

Ameghino in his Memoir of 1889 (pp. 633-653) gives a most full and valuable summary of the history of dis- 

covery of the mastodonts of South America, dating back to the first giant bones found in Tarija in 1602 and 

describing the successive observations of von Humboldt, Cuvier, D’Orbigny, Laurillard, de Blainville, and Ger- 

vais, and concludes with the following synopsis of species: 

AMEGHINO, 1889, p. 639, As TRANSLATED FROM THE ORIGINAL TExt.—Thus, instead of two [the two species of Cuvier], we 
have six distinct species of South American mastodons, characterized as shown in the following table: 

I Internal cusps of the upper molars and external cusps of the lower molars broader, when worn they 
show a clover-leaf pattern.' 

A Height considerable—comparable to that of Mastodon longirostris. 
a Tusks slender, long, slightly curved, twisted (deflected) in a spiral, with a longitudinal 

band of enamel): <. ..0:.)0%-< smn P's ce enw cle eee S's Fagan ies Le Mastodon andium. 
b Tusks slender, almost straight, and without any longitudinal band of enamel...... .- Mastodon platensis. 
ce Tusks very thick, without any band of enamel and completely straight, or almost 

straight for their entire length... <~ semantics ieee eee aca ns ie Mastodon rectus. 
B Height two-fifths less than that of the preceding group. Tusks [long], slender, almost straight, 

not twisted in a spiral, and with a broad longitudinal band of enamel.................4 Mastodon argentinus. 

II Transverse crests of the molars, when worn, show a double clover-leaf pattern.' Height enormous. 
A Tusks very thick, extremely curved, with no band of enamel, and gradually diminishing in 

Mzedrom the base to the anterior extremity... ......<v.. Pets ceeaiee ees Nea e een Mastodon Humboldti. 
B_ Tusks long, not so thick, straight in the posterior part, slightly curved in the anterior part, 

without any enamel band, and with the greatest thickness at about the middle of their 

PGripeh Le Seek ass coe obey ob etanely CUNG RMT 0 cee cL Si Renee Terese Mastodon superbus. 

1Both Ameghino (1889) and Carette (1919) distinguish ‘Mastodon’ platensis as possessing a ‘clover-leaf pattern ’ iLe., single trefoils, as compared with 

*M.” humboldtii possessing a ‘double clover-leaf pattern,’ i.e., double trefoils. 



CoMPARATIVE TypE Superior TUSKS, AFTER AMEGHINO 

Detensa de Mastodon platensis, AMEGH. 1/,; del tamano natural 

Fig. 489. Type superior tusk of Mastodon platensis Ameghino, 1888. After Ameghino, 1889, p. 641, one- 

fifteenth natural size. Original in Museo Nacional de La Plata No. 8-63. [=Cuvieronius platensis of the present 

Memoir.] Locality: San Nicolas de los Arroyos, Province of Buenos Aires, Argentina. 

(Cabrera, 1929, p. 98): ‘‘Tipo.—Una defensa de macho adulto, procedente de San Nicolas de los Arroyos, 

provincia de Buenos Aires. Departamento de Paleontologia del Museo de La Plata, n° 8-63... . Seguin 

Ameghino (1889), el horizonte tipico de platensis es el Belgranense, pero rectus y maderianus, que evidentemente 

son sinénimos suyos, corresponderian al piso Ensenadense. En términos generales, la especie puede considerarse 

como propia del Pampeano medio y la parte mas alta del Pampeano inferior, es decir, aproximadamente lo que 

entiende Frenguelli (1928, pig. 73) por Prebelgranense y Belgranense.”’ 

Defensa de Mastodon rectus, AMEGH. }/,, del tamano natural 

Fig. 490. Type superior (?) tusk of Mastodon rectus Ameghino, 1889, p. 643, one-thirteenth natural size. 

Original in the Museo Nacional de La Plata No. 8-38. [=Cuvieronius rectus of the present Memoir.] Locality: 

La Ensenada, near La Plata, Argentina. (Cabrera, 1929, p. 99) ‘Dos defensas de un macho muy viejo, de La En- 

senada, cerca de La Plata; tipo de M. rectus Ameghino (n° 8-38).”’ 

Defensa de Mastodon argentinus 1/,, del tamano natural 

Fig. 491. Type superior tusk of Mastodon argentinus Ameghino, 1888, with broad enamel band. After 

Ameghino, 1889, p. 644, one-tenth natural size. [=Notiomastodon argentinus of the present Memoir.] Locality: 

“Salta y Valle de Tarija”; exact locality not recorded. Compare type of Notiomastodon ornatus Cabrera, 1929, 

pp. 91, 92, figs. 2, 4; also figure 3, referred. This type superior tusk is inverted (cf. Fig. 557, N. argentinus, N. 
ornatus). Transferred by Osborn in the present Memoir to the new family Serridentide, new subfamily 

Notiomastodontine. 

Defenss del Mastodon superbus, AMEGH, 1/9) del tamano natural 

Fig. 192. Type superior tusk of Mastodon superbus Ameghino, 1888. After Ameghino, 1889, p. 647, one- 
twentieth natural size. Original in Museo Nacional de La Plata No. 8-8. [=Cuvieronius superbus of the 
present Memoir.] 

(Cabrera, 1929, p. 120): ““Tipo.—Un par de defensas y la mandfbula de un ejemplar muy viejo, con los 
3 « Bs é . m* {Ms} muy usados, de Pergamino, provincia de Buenos Aires. Departamento de Paleontologia del Museo 

de La Plata, n° 8-8... . Pleistoceno superior. Ameghino atribuy6é la especie a su piso Lujanense, o Pam- 
peano lacustre, y bajo el nombre de M. Humboldti la ubicé en el Bonaerense y el Lujanense.”’ 

520 
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Boule (1920, pp. 67, 68) adopts Ameghino’s classification without question, namely: 

I. “Molaires . . . d’un seul tréfle”: Mastodon andium, M. platensis, M. rectus, M. argentinus. 
II. ‘“Molaires . . . d’un double tréfle”: Mastodon humboldtii, M. superbus. 

Osborn, 1925: It is very important to note from the above synopses that Section I includes four species to 
which are attributed molar teeth with single trefoils but otherwise distinguished by very profound differences in 
the form of the tusks and in the presence or absence of the enamel band; that Section II includes two species 
with double trefoils and tusks without enamel band. 

On examining Ameghino’s detailed description of Mastodon andium (op. cit., 

1889, pp. 639, 640), of M. platensis (pp. 641-643), of M. rectus (pp. 643, 644), and 

of M. argentinus (pp. 644, 645), it appears that the type specimens in each case are 

the tusks and that the grinding teeth (in the case of M. rectus) may belong to 

) another specimen; in the case of M. platensis the type is a complete tusk of an adult 

) individual (op. czt., 1889, p. 641) to which Ameghino referred the skull of a young 

| individual. There are no illustrations of the grinding teeth, excepting the figure of 

M. rectus Ameghino (Fig. 546),' and, so far as we understand, Ameghino’s diagnosis 

: (as copied by Boule) rests not on type specimens alone, but on characters derived 

from both type and referred specimens. Consequently Osborn (1926) does not 

| accept the Ameghino-Boule classification, but adopts a binary division into: 

I. Mastodon humboldtii group (=Cuvieronius), with double? trefoils, tusks 

rounded, without enamel band. 
M. Humboléu 

II. Mastodon andium group (=Cordillerion), with single’ trefoils, tusks oval, Fig. 493. Ameghino’s scheme of 
; the phyletic relations of species of 

with enamel band. South American proboscideans, 

2 Nadee : 5 ; After Ameghino, 1889, p. 652. 
Osborn’s binary division, elaborated below in the present Memoir, is nat- We observe that this phylogenetic 

urally subject to further research on the type and referred materials employed manners senate rete 
: en : : . from that of Osborn adopted in the 

by Ameghino. Osborn (1933) adopts a further subdivision into five groups (I-V) present Memoir, in which the 
species attributed to Cordillerion 
(i.e., Mastodon tarijensis, M. an- 

; 2 - ‘ . : dium) are separated generically from 
Consequently all the specific names of Ameghino are retained in this Memoir, oe ite eree A pate a: 

while the generic names adopted by him are altered, as shown in the table ‘Order Gie., M. rectus, M. platensis, M. 
; bit, : e superbus, M, humboldtii). 

of Discovery and Description” below (p. 537). 

as defined on page 541. See also synopsis (1934) at close of this chapter (p. 615). 

The original definitions of these new species are cited above-and in their respective descriptions below. 

Since the type material consists of superior tusks only and does not include the grinding teeth, it is difficult to 

determine whether all the species of Ameghino are new or whether they are in part synonyms of the previously 

described ‘Mastodon’ andium or ‘M.’ humboldtit. 

Subsequent to this note are the admirable figures of Cabrera in his Memoir of 1929, several of which are reproduced in See. II, 6, of the present chapter. 

°(Burmeister, 1889, p. 41, translation): The strikingly larger grinders of M. humboldtii are as a rule of lighter color, the dentine is white or light yellow, and 

the somewhat thicker enamel layer is of a brownish color. Moreover, the number of transverse crests in teeth, chiefly of the same age, is the same in both 

species. Gervais made the striking observation, as a positive distinction between the two species, that the worn larger cones of each ridge-crest in M. andium 

exhibit only one trefoil on each side, whereas in M. humboldtii two trefoils are observed; but this rule is not without exceptions; I find here and there, especially 

in upper grinders, also two trefoils in M. andium, although I allow that the famous observation of Gervais holds in the greater number of grinders. 
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Two New Species Proposep BY PHILIPPI IN 1893 

Of certain of Ameghino’s species Philippi observes (Zeits. deutsch. geol. Ges., XLV, 1893, p. 88): 

Ameghino unterscheidet in seinem oben citirten Werk hauptsichlich nach den Stosszihnen sechs stidamerikanische Arten 

von Mastodon: 1. M. andium, sehr leicht an den spiralformigen Stosszihnen zu erkennen, die einen Streifen Schmelz haben; 

2. M. platensis mit langen, diinnen, fast geraden Stosszihnen, und weit kleiner als die iibrigen Arten; 3. M. rectus mit geraden, 

sehr dicken Stossziihnen; 4. M. argentinus mit kurzen, diinnen, fast geraden Stosszihnen; 5. M. Humboldti mit sehr dicken 

und sehr stark gekriimmten Stosszihnen; 6. M. superbus mit weniger dicken, hinten geraden und erst in der vorderen Hilfte 

etwas gekriimmten Stossziihnen. ... . Ist dies [i.e., M. chilensis] eine der sechs Ameghino’schen Arten? Wichtig zur Art- 

bestimmung ist das Stiick Stosszahn und das Kinn. Der Stosszahn beweist, dass die Knochen weder dem M. andium, noch M. 

platensis, M. argentinus, M. rectus oder M. Humboldti angehort haben, aber auch nicht dem M. superbus, denn Ameghino’s 

Beschreibung der Stossziihne passt nicht, ebenso nicht das Kinn. Leider fehlt die Abbildung desselben. Bei der Gelegenheit 

will ich erwihnen, dass ich das chilenische Mastodon fiir eine eigene Art halten muss, die ich M. chilensis nenne. 

As shown in the table below, the two species described by Philippi in 1893 are referred generically in the 

present Memoir as follows: 

Mastodon chilensis Philippi, 1893 =Cwvieronius chilensis 

Mastodon bolivianus Philippi, 1893 =Cordillerion bolivianus 

Tue Rostrum.—These two species are clearly distinguished from each other, as shown in the type illustra- 

tions (Fig. 547, p. 582), by the characters of the rostrum of the jaw. Philippi (1893, p. 90) observes: 

“Das von mir abgebildete Kinn, dessen Oberseite sehr abgeblittert ist und keine Spur der erwihnten Kanten mehr zeigt, 

wurde im Jahre 1877 von meinem Sohn bei Chillan nebst Beinknochen etc. ausgegraben; es waren dabei siimmtliche acht 

Backenzihne, von denen zwei gestohlen sind, und beide Stosszihne, die aber bis auf die Spitzen in winzige Fragmente zerfielen; 

die Schidelknochen waren zu Mulm zerfallen.” 

REVISION BY ERLAND NORDENSKIOLD, 1903, SEE FIGURE 507 

The important paper of Nordenskidld, entitled “Uber die Saiugetierfossilien des Tarijatals, Stidamerika. I. 

Mastodon Andium Cuv.,” 1903, contains a large number of original observations of value which may be summar- 

ized in the author’s own language by a rearrangement of the paragraphs on pages 23 and 24: 

[Common CHARACTERS OF THE NoTOROSTRINES].—Die siidamerikanischen Mastodonten sind, wenn man sie mit ihren 

europiischen Verwandten vergleicht, in gewissen Beziehungen ganz spezialisiert: es fehlen ihnen die Primolaren, die benutzte 

Zahnflache umfasst nur 1},-1}3 Zahn, sie haben héchst unbedeutende Stosszihne im Unterkiefer,—alles Charaktere, welche die 

geologisch jiingeren Mastodonten charakterisieren; sie sind dagegen kaum Tetralophodonten, sie haben im allgemeinen Schmelz- 
bander an den Stosszihnen, Charaktere, die ja mehr den geologisch Alteren Mastodontenformen eigen sind. Man sieht somit 
hier, dass die siidamerikanischen Mastodonten in einigen Kigenschaften mehr spezialisiert waren, in anderen zuriickgeblieben 

sind, doch darf nicht vergessen werden, dass die europiischen Formen untereinander eine grosse Ungleichheit im Wechsel der 
auf eine Spezialisierung hindeutenden Charaktere darbieten. 

[GroLoaic Disrrrpution].—Offenbar kénnen wir jedoch in Siidamerika innerhalb der Gattung Mastodon wenigstens zwei 

Variationscentra, eines, von dem wir zahlreiche Reste in den Anden (Tarijatal) haben, und eines, von dem wir reiche Uberbleibsel wm 
Buenos-Ayres, in Uruguay und in den angrenzenden Gegenden finden, unterscheiden. Diese beiden Variationscentra, Mastodon 

andium und Mastodon Humboldti, welche jedenfalls aus derselben Form hervorgegangen waren, sind in ihren extremen Varia- 
tionen weit verschieden, sie kénnen aber auch wahrscheinlich so gut wie zusammenfallen, und man kann z. B. nicht mit Sicher- 
heit bestimmen, ob der einzelne Zahn der einen oder der anderen Form angehoért, sondern man kann sie erst mit Hiilfe eines 

grosseren, das Variationsgebiet der Form deutlich veranschaulichenden Materials unterscheiden. 

. [Distincrions, M. anprum, M. HumBoxptu]|.—Sie unterscheiden sich folgendermassen. Mastodon andium ist kleiner, hat 
langere, gekriimmte Stossziihne mit deutlichem Schmelzband, wihrend die Stossziihne von Mastodon Humboldti kurz, dick und 
mit undeutlicherem Schmelzband versehen sind. Die Symphyse des Unterkiefers ist bei M. andium weniger nach unten gebogen, 
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langer als bei M. Humboldti, die gleichzeitig benutzte Kaufliche derselben ist etwas kleiner, die Zaihne haben im allgemeinen 
einfache Treffe, wihrend M. Humboldti doppelte hat. M. andium wiirde eine gréssere Tendenz, als die andere Form, zum 
Ubergang aus dem trilophodonten in das tetralophodonte Stadium zeigen. Die Frage, ob man diese fiir Arten halten soll oder 
nicht, will ich dahin beantworten, dass sie wahrscheinlich geographische Arten gewesen sind, d. h. Arten, entstanden durch 
topographische (geographische) Isolation. 

[ReLations, M. anpium, M. numBoupti|.—Hiergegen spricht die Verbreitung, wendet man ein. Mastodon Humboldti und 
Mastodon andium sind nimlich beinahe iiberall in Siidamerika durcheinander erwahnt. Dies beruht wahrscheinlich darauf, dass 
man aus anderen Gegenden, als Buenos-Ayres und Tarija, nur ein so unbedeutendes Material beschrieben hat, dass man die 
Variation der Spezialisierung nicht hat beriicksichtigen kénnen, ein Faktor, der bei der Bestimmung dieser Formen notwendig 
ist. 

[SexuaL Cuaracters, M. anprum, M. numBouptu].—Fasse ich hier die mit Bezug auf die individuelle Variation der 
siidamerikanischen Mastodonten behandelten Charaktere zusammen, um zum Verstédndnis der dort vorkommenden Formen 
beizutragen, so sehen wir, dass die von Philippi durch die Form der Symphyse unterschiedenen Arten nach Charakteren auf- 
gestellt sind, die beim Mastodon von Tarija mit dem Geschlecht variieren, und dass die nach der Form der Stosszidhne und der 
Grosse des Schmelzbandes aufgestellten Arten nach weniger variablen Charakteren aufgestellt und vor allem ausfiihrlicher be- 
schrieben werden miissen. 

[CuiLe, Brazit, Mexico].—Interessant wiire es, eine nihere Beschreibung der in Chile gefundenen Mastodontenreste zu 
erhalten. Nach den Abgiissen, die ich aus Tagua-Tagua in Chile gesehen habe, scheint mir dort eine Lokalrasse gelebt zu 
haben, deren Grésse und Stossziihne wie die des Mastodon Humboldti waren, dessen Zihne mehr denen des Mastodon andium 

geglichen haben—eine Frage, die nur durch ein grésseres Material ins Reine gebracht werden kann. Auch eine Beschreibung der 
in Brasilien gefundenen Mastodontenreste, von denen sich jedenfalls ein grosses Material in Rio de Janeiro findet, wiirde wahr- 

scheinlich zeigen, dass dort eine besondere Lokalform gelebt hat. Besonders wichtig wiire es, eine Beschreibung der in Central- 

amerika und Mexiko gefundenen Reste zu erhalten. Ein schéner Unterkiefer von dort ist von Meyer [1867] beschrieben, einige 
Zahne befinden sich in Hamburg und London. In amerikanischen Museen diirfte sich jedenfalls ein reiches Material befinden. 

NoORDENSKIOLD’S SUMMARY OF DISTINCTIONS 

Mastopon ANDIUM Group MASTODON HUMBOLDTI GROUP 

1. Animals of smaller size; tusks relatively longer, 1. Animals of larger size; tusks relatively shorter, 

spirally formed, with broad enamel band. thicker, with reduced or invisible enamel band. 

2. Mandibular symphysis longer, less bent downwards. 2. Symphysis shorter, more bent downwards. 
3. Grinders with single trefoils. 3. Grinders with double trefoils. 

4. Tendency towards transition from trilophodont to 4. Fully attained intermediate molars. 

tetralophodont intermediate molars. 
5. Form of symphysis varying with the sex; tusks 5. Tusks upturned. 

more slender in females. 
[=Cordillerion andium| {= Cuvieronius humboldtii} 

Revision BY Epuarpo CarRerrTe, 1919, skE Figures 531, 532 

Eduardo Carette’s summary (p. 173) of the species of Cuvier, Ameghino, and Philippi, together with his 

conclusions (p. 178) as to their taxonomic validity, is as follows: 

1° Mastodon andium Cuv.: esta especie esta caracterizada por sus molares y sus incisivos; las muelas gastadas presentan 

figuras de trébol solamente en una de las dos columnas de cada serie transversal, que es la interna en los dientes superiores y 

la externa en los inferiores: las otras columnas muestran figuras piriformes 0 en losange, sencillas; los molares intermedios (Mz) 

tienen una tendencia manifiesta a la tetralofodontia, pero tipicamente son trilofodontes. En las defensas de unos dos metros de 

largo, es peculiar la faja de esmalte que las recorre hasta la extremidad distal, y la forma de la doble curvatura que responde al 

mismo aspecto de la faja de esmalte. 

Se han encontrado restos de esa especie en Chile, Peri, Ecuador, Bolivia y, mas al norte, hasta Centro América. 

2° M. platensis Amegh., 1888: parece presentar en los molares la misma tendencia que M. andium a la tetralofodontia; y 

en ellos se forman igualmente figuras de trébol sencillo y otras en losange. La mayor diferencia entre las dos especies reside en la 

forma no espiralada de las defensas y la completa ausencia de la faja longitudinal de esmalte; en cuanto a dimensiones, coinci- 

dirfan mas 0 menos. 

Sus restos proceden de la provincia de Buenos Aires. 



524 OSBORN: THE PROBOSCIDEA 

3° M. rectus Amegh., 1889: los fragmentos de muelas que dice haber visto el doctor Ameghino, habrian sido del tipo de M. 

andium; las defensas, en cambio, como en M. platensis, carecen de faja de esmalte y no indican torsién en espiral; pero son 

casi rectas y en diametro y longitud sobrepasan quiza en algo a las de esa especie. 

Tambien provienen sus restos de la provincia de Buenos Aires. 

4° M. maderianus Amegh., 1891: nada se sabe de sus molares, pero sus defensas casi rectas, son parecidas a las de M. platensis, 

de las que difieren por su mayor tamafio y por poseer una faja de esmalte lateral en todo el largo. Procede del mismo lugar 

que la anterior. 

5° M. argentinus Amegh., 1888: esta especie se diferenciaria de todas las otras por su pequeho tamano; sus muelas 

corresponden al tipo Andium, pero las defensas, la mitad mas pequenas que las de M. platensis y, con las cuales parecen coincidir 

en forma general, estan provistas de una faja de esmalte en la cara superior. 

Su procedencia, bastante dudosa, seria la provincia de Catamarea. 

6° M. Humboldti Cuv.: esta especie, que puede alcanzar un gran tamano, se diferencia de M. andium y afines por las figuras 

de trébol, a veces complicadas, que por el desgaste se producen a la vez en ambas columnas, interna y externa de los molares 

superiores e inferiores; pero es de advertir que las internas de los primeros y las externas de los tltimos, son mas definidas que las 

otras. Por lo demas, siempre se ve una tendencia, cuando menos, a la disposicién alternada en las series de conos. Las defensas 

en esta especie, son ordinariamente de mayor tamano que en M. andium, sobre todo mucho mas robustas y mas encorvadas; no 
llevan faja de esmalte alguno. 

La dispersion de M. Humboldti, ademas de la Argentina, aleanza el Uruguay, Paraguay, Brasil, Colombia y quizi Méjico. 

7° M. superbus Amegh., 1888: el doctor Ameghino le atribuye grandes molares del tipo Humboldti con mamelones 0 conos 

semialternantes, con figuras de trébol menos marcadas, pero con el esmalte muy replegado. Sus defensas, sin rastro de esmalte, 

son mas largas, pero menos gruesas y menos encorvadas. 

El tamanio de swperbus sobrepasaria a M. Humboldti y se habria extendido por Buenos Aires y Santa Fe. 

Antes de pasar mas adelante, tengo que afadir que el naturalista chileno doctor Philippi, no pudiendo referir ciertos restos 

de Mastodontes a una u otra de las descripciones del doctor Ameghino, creé en 1893 para la regién trasandina, dos nuevos tipos 

(M. chilensis y M. bolivianus) fundandose en la morfologfa de la sinfisis mandibular. Sus diagnosis son enteramente breves y se 

podrian acercar las dos especies a ambos grupos dibelodontinos platenses. En 1905 Pompeckj amplié el estudio de Philippi 

sobre M. bolivianus, el que ofreciendo grandes semejanzas con M. andiwm, se apartarfa de él por detalles en la forma de la man- 

dibula, principalmente en cuanto a la configuracién de la parte sinfisaria. 

En conclusion, las especies argentinas admisibles en el grupo Dibelodonte, serfan: 

1° D. andium (Cuv.): tal como viene caracterizado por los autores con sus defensas en espiral, faja de esmalte igualmente 

espiralada, y molares tri-tetralofodontes con figuras de trébol unilaterales; 

2° D. platensis (Amegh.) (1): de defensas en un solo plano horizontal, de tamano semejante a D. andium, con muelas de 

tipo intermedio ordinariamente sin faja de esmalte en las defensas. En esta especie incluirfa al M. argentinus, M. maderianus y 

M. rectus (?) que no considero, hoy por hoy, suficientemente caracterizados; 

3° D. Humboldti (Cuy.): de defensas encorvadas hacia arriba, muy robustas, los molares ordinariamente con figuras de 

trébol dobles y bilaterales. A D. Humboldti se une M. superbus Amegh. que representa individuos de mayor tamajio, quiza el 
sexo masculino de la especie. 

Creo que ademas hay que reconocer otra especie, cuyo material osteolégico describiré detalladamente en otro lugar; a ella 

pertenecerfa un pequefio craneo joven, que el doctor Ameghino ha atribuido a la M. platensis, 1888, fuera de otros restos de 

adultos de las colecciones del Museo de La Plata. 

The above review of Carette is followed in Sec. II, 4 and 5, of the present chapter by a review of Dr. Franz 

Spillmann’s discoveries in Bolivia and Ecuador, and in Sec. II, 6, by a synopsis of Dr. Angel Cabrera’s revision 

of 1929. 
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4. DISCOVERY OF MEXICAN AND NORTH AMERICAN SPECIES. PHYLOGENETIC AND 
SPECIFIC REVISIONS BY COPE, LULL, AND BOULE (1884-1920) 

CoPE PROPOSES THE GENERA DIBELODON AND TETRABELODON (1884-1889) 

Cope’s revision of the genera of the Proboscidea (1884.2) occurs on pages 2-8 of his paper “The Extinct 
Mammalia of the Valley of Mexico,” read before the American Philosophical Society on May 16, 1884. In propos- 
ing the name Dibelodon, he discusses (p. 2) previous attempts to define as ‘genera’ groups of ‘species’ included 
‘formerly within the single genus Mastodon of authors, i.e., “Mastodon pars, auctorum.” 

After reviewing the generic nomenclature, based upon the number or the form of the transverse crests, that is, 
number by Falconer (e.g., T'rilophodon, Tetralophodon), form by Vacek (e.g., Bunolophodon, Zygolophodon), Cope 
dismisses the Falconer-Vacek nomenclature based on either the number or the form of the ridge-crests and 
concludes (p. 3): ‘‘There is no doubt that the presence of a pair of persistent inferior incisors defines a genus as 
distinct from one in which there is not a pair of permanent inferior incisors.” He accordingly selects (p. 4) the 
Greek word Dibelodon, signifying éi-, two, Bédos, dart, dois, tooth, and proceeds to define two new genera, 

Dibelodon and Tetrabelodon, as follows: 

Dibelodon Cope. Superior incisors with enamel band; inferior incisors wanting. Type D. shepardi [= Rhynchotherium 
shepardi of the present Memoir]. 

Tetrabelodon Cope. Superior incisors with enamel band; inferior incisors present in the male at least. Type 7. angustidens 
[=Trilophodon angustidens of the present Memoir]. 

Cope’s new generic name Dibelodon (signifying ‘two-tusker’ ), although subsequently applied by all American 

authors to the South American species, unfortunately cannot be used, because it was based upon the genotypic 

species Mastodon shepardi of Leidy, a ‘four-tusker’ of the genus Rhynchotherium Falconer. Dibelodon Cope 

(1884), therefore, isa synonym of Rhynchotherium Falconer (1856, 1863, 1868). 

Osborn, 1926: (1) Cope’s generic name Tetrabelodon, while correctly defined, must be dismissed as a synonym 

of Trilophodon Falconer. (2) Cope’s name Dibelodon is incorrectly defined, since it is certain that inferior incisors 

were present in the genotypic species ‘M.’ shepardi. (3) The name Dibelodon moreover must be regarded as a 

synonym of Rhynchotherium Falconer, because the type of ‘M.’ shepardi Leidy belongs to Rhynchotherium. 

(4) Cope (1884.2, p. 5) continues his unfortunate errors by referring a jumble of species to his two invalid new 

genera, namely: 

Dibelodon shepardi Leidy, California, Mexico. [Genotypie Tetrabelodon angustidens Cuy., India, Europe, N. America. 

species = Rhynchotherium shepardi of the present [Genotypic species=Trilophodon angustidens of the 

Memoir. |] present Memoir.| 

Dibelodon tropicus Cope, Tropical America. [Referred species Tetrabelodon andium Cuvy., 8. America, Mexico. [Referred 

= Cordillerion tropicus of the present Memoir.] species = Cordillerion andium of the present Memoir.] 

Dibelodon humboldtii Cuv., South America. [Referred species Tetrabelodon productus Cope, SW. N. America. [Referred 

=Cuvieronius humboldtii of the present Memoir.] species = Serridentinus productus of the present Memoir.] 

In 1889 Cope (1889.2, p. 195) listed four species under his new genus Dibelodon as follows, indicating by a 

““»” the species in which the condition of the premolars is unknown. 

Dibelodon shepardi Leidy. California, Mexico. p. [= Rhynchotherium shepardi of the present Memoir.] 

Dibelodon cordillerarum Desm... . South America. [=Cordillerion andium of the present Memoir.| 

Dibelodon tropicus Cope. . . South America and Mexico. p. [= Cordillerion tropicus of the present Memoir.] 

Dibelodon humboldtii Cuv. S. America. [=Cuvieronius humboldtii of the present Memoir.| 
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Lutt Apopts Coprr’s ERRONEOUS REVISION AND NOMENCLATURE 

Lut, 1908, 1909.—In 1908 Lull accepted Cope’s revision and nomenclature of the South American masto- 

donts in his article “The Evolution of the Elephant” (reprinted after author’s revision in 1909). His text may be 

abstracted as follows: 

LuLu, 1908, pp. 21-23 

Tetrabelodon |= Trilophodon, Serridentinus] 

The mastodons have been divided in two ways, one de- 

pending upon the number of ridges borne upon the grinders, 

while the other classification is based upon the number and 

character of the tusks. The latter seems the more logical 

from a developmental viewpoint. The first of these genera is 

Tetrabelodon, with four, enamel-banded tusks. The second 

is Dibelodon, having but two tusks which still retain the band 

ofenamel. . . . Tetrabelodon was a widely spread, migratory 

form, for we find species referable to this genus not only in 

Europe but in Africa, Asia, and in North America. In Eur- 

asia it gave rise to Mammut through the loss of the lower tusks 

and the enamel band, while in America there arose Dibelodon, 

which retained the enamel band and which was the first 

proboscidian to reach South America after the formation of 

the Central American land connection either late in the Mio- 

cene or in the early Pliocene. The Yale Museum contains fine 

specimens of teeth and tusks of T'etrabelodon angustidens from 

France as well as similar remains of Tetrabelodon proavus, T. 

campester, T. productus, and T. serridens. In the Yale Mu- 

seum is also preserved part of the holotype of Tetrabelodon 

shepardi Leidy from California, of which the remainder is in 
the museum of Amherst College. 

Fic. 16. Skull of Tetrabelodon angustidens. 

Lut, 1908, P. 23 

Dibelodon [= Cordillerion, Cuvieronius] 

The genus Dibelodon is known principally from the 

jaws, teeth and tusks, though two splendid skulls of D. 

andium are preserved in the Museo Nacional in Buenos Aires. 

The upper tusks are well developed, displaying an elongated 

spiral form, with a well developed enamel band, but the lower 

jaw is quite short though the symphysis is longer and more 

trough-like than in the genera Mammut and Elephas. The 

lower tusks have entirely disappeared and with the shortening 

of the jaw the trunk must have become pendant as in the 

modern elephants. The genus Dibelodon contains several 

species, among which are Dzibelodon humboldi (Cuvier), 

D. mirificum (Leidy), D. precursor (Cope), and D. andiwm 

(Cuvier). Of these Dibelodon humboldii and D. andium 

ranged into South America and were in fact almost the only 

proboscidians to cross into the southern hemisphere of the 

New World. Some of these animals lived in the high Andes 

at an elevation of 12,350 feet above the level of the sea, at a 

time when the region had a greater rainfall than now and 

therefore a richer vegetation. 

Fic. 18. Skull of Dibelodon andium. 

Vig. 494. Crania of Tetrabelodon [= Trilophodon| angustidens (Fig. 16) and of Dibelodon [=Cordillerion] andium (Fig. 18), as 
figured and contrasted by Lull. After Lull, 1908, figs. 16 and 18. 

Osborn, 1924: It will be observed, in dissenting from Lull, that (1) within the above description of Tetra- 
belodon is included the species ‘Tetrabelodon’ shepardi Leidy which Cope selected as the genotypic species of 
Dibelodon; (2) in the above characterization of Dibelodon are included the species D. humboldii, D. andium, and 
others; (3) Dibelodon would have been a most appropriate name for the species Mastodon andium and M. 
humboldtii, if Cope had not founded the genus on the four-tusker Mastodon shepardi. 

PHYLOGENY (LULL, 1908, pp. 34-36; 1909, pp. 667-670).—Lull proposes a new American phylogeny of the 
Proboscidea (1908, p. 34): 
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The earliest North American form, Tetrabelodon productus, resembled its European prototype [i.e., Trilophodon angustidens) 
very closely and gave rise to a remarkable group of four-tusked mastodons which ranged from Nebraska to Florida. From some 
of the later species arose the Dibelodon race with upper, enamel banded tusks, but lacking those of the lower jaw. This genus is 
reported from the Pliocene (Blanco) of Texas and Mexico and ranges as far south as Buenos Aires in the southern hemisphere 
Two South American species are known to us, one, D. andium, following the chain of the Andes as far south as Chili. This type 
is often found at great altitudes, a specimen from the Quito valley in Ecuador, now in the Yale collection, having been found 
10,000 feet above the level of the sea. 

Dibelodon humboldii was a dweller on the plains, being found in the pampas formation near Buenos Aires, while Darwin 
records it along the banks of the Parana River in Argentine, and Wallace reports the same species among other remains in a 
limestone cavern near the headwaters of the San Francisco river in southern Brazil. D. humboldii, like D. andium, has its 
origin in the Texas Pliocene, the line of migrations nearly paralleling, the one a'ong the tropical plains, the other along the 
Andine plateau as far south as northern Chili. With the exception of a lone specimen of Elephas reported from French Guiana 
and the mastodon of Honduras, Dibelodon is the only proboscidian of the Neotropical realm. [Since Lull’s article of 1908 the 
species Serridentinus guatemalensis Osborn has been added to the fauna of Central America.| The migration of these great forms 
occurred in the late Pliocene, and for some reason, evidently climatic and vegetative, the route has been closed ever since. Other- 

wise it is reasonable to suppose that the elephants and mastodons of the Pleistocene would have spread into South America as 
well. [The “lone specimen of Elephas reported from French Guiana” is Parelephas columbi cayennensis Osborn, type.| 

Lull treats the Eurasiatic phylogeny of the Proboscidea (1908, p. 36; 1909, p. 670) as follows: 

In Europe Tetrabelodon angustidens had successors in T’. longirostris and arvernensis, the latter ranging over western Europe 

into England. It did not, however, cross the Pyrenees into Spain. 7’. longirostris and a late mutation of T. angustidens, pale- 
indicus, made the long journey to the Orient, transferring the evolution from Europe to India. The path of this migration is 

as yet unknown, as little or no paleontological exploration has been made in the region lying between Armenia on the west, 

across Persia, Afghanistan, and Beluchistan to the Indus River. This oriental migration must have occurred during the Upper 
Miocene and was followed by a relatively rapid evolution involving a number of species of mastodons and elephants. Tetra- 

belodon longirostris seems to have given rise to Mammut |Footnote: ‘These Indian forms agree probably with the American 

mastodon in having but one pair of enamelless tusks. They may represent the Mammut stage but in an entirely different phy- 

lum, hence should not bear the same generic name.’| cautleyi with a shortened lower jaw, thence through M. latidens to Stego- 

don clifti, the transitional form between the mastodons and the elephants. S. clifti was followed in succession by Stegodon 

bombifrons and S. insignis and finally by the genus Elephas itself. Elephas proved to be a great migrant, although the stegodont 
species had spread from their original homes in the sub-Himalayan region eastward through Burma, China, and Japan, and 

perhaps as far as Java. Elephas later traveled in two directions, westward back to Europe and Africa, and eastward, thousands 

of miles, into the United States. 

Evidence seems to point to an interesting parallelism in evolution between the American elephants and those of Europe, 

though they were undoubtedly derived from a common ancestry. 

Osborn, 1926: The above phylogenies of Lull (American and Eurasiatic) are in large part based on the 

relatively monophyletic and diphyletic conceptions which prevail in the writings of Gaudry, Cope, Schlesinger, 

Soergel, and practically all other palzeontologic writers, as based on the older and less exact researches and compari- 

sons of types, and prior to the more intensive examinations of the present author for this Memoir. With the close 

examinations of the more recent European Proboscidea by Depéret and those of all the Proboscidea of the world 

older relatively monophyletic or diphyletic phylogenies. 

MaARCELLIN Bovu.e’s REVISION OF 1920 

The most recent revision of Mastodon andium and Mastodon humboldtii is that of Boule (1920, pp. 17-74) 

in his invaluable Memoir entitled ‘“Mammiféres Fossiles de Tarija,” in which he was aided by the superb materials 

o M. andium presented by the Marquis de Créqui-Montfort, including twelve skulls, thirty mandibles, fifty tusks, 

and three hundred isolated molars; he gives a masterly review of the characters of M. andium in comparison with 

M. humbolatii and Elephas indicus, including the mideranial sections here reproduced in figure 495. A summary 

of his detailed observations on the species M. andium is presented below. 
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Fig. 12. 

Differences de plissement de 1’émail d'un méme lobe de plusieurs dents de Mastodon andium, 

Fig. 496. Single crests and trefoils and enamel foldings of molars of 

Cordillerion andium. The same loph is sectioned at different levels from sum- 

mit (left upper) to base (right lower); the single median trefoil is very 

clearly displayed as developed on one side of the crown only. Rudiments of 

the double trefoil appear. After Boule, 1920, fig. 12. 

Bou .e, 1920, p. 42.—The distinctions of the grind- 

ing teeth of M. andiwm, also of those of varieties of M. 

andium, from those of the contemporaneous M. hum- 

boldtiz, are described in the following passage: 

*, M. Humepovott 

La détermination des Mastodontes est basée principale- 

ment, et foreément, sur le nombre et la forme des collines 

ainsi que des tubercules qui constituent ces collines. Mais 

la forme est sujette 4 d’assez larges variations, suivant les 

individus. Les dessins ci-joints (fig. 12) prouvent que les 

différences dans le plissement de |’émail sont telles que 

beaucoup de paléontologistes y verraient des caractéres 

distinctifs de plusieurs espéces si les dents leur étaient 

présentées comme provenant de gisements différents. 

L’aspect des dents varie beaucoup avec leur usure. 

Le caractére principal des molaires de M. andium est 
qu’A chaque colline l’une des moitiés (interne aux 

molaires supérieures, externe aux inférieures) a la forme 

d’un tréfle, l’autre, la forme d’une créte, ce qui permet 

de distinguer le Proboscidien que nous étudions de son 

congénére, contemporain et compatriote, le Mastodon 

Humboldti. Or, si ce caractére est trés net sur des 

molaires ayant peu fonctionné, il 
Fis. 2 & 4: ‘eff A I : 

Le Fig s’efface peu 4 peu et les dents trés Sections, suivant le plan sagittal médian , de trois cranes de Proboscidiens : Mastodon andium, M. Humboldti, usées de M. andium finissent par res- 4 Elephas indicus, — i/10° de la grandeur vraie. 
¢., cavité cérébrale; n. e., narines externes; n. i., narines internes. 

Fic, 495. Muipcraniau secrions or ‘M.’ ANDIUM, ‘M.’ HUuMBOLDTII, AND E. rNDICUS, AFTER BouLn, 1920, Figures 2 To 4 
Observe that this figure shows a very profound difference between the cranium of ‘M.’ andium {=Cordillerion] and the cranium of ‘M.’ humboldtit 

[ =Cuvieronius}, one being more platycephalic, the other more acrocephalic; this difference, however, is undoubtedly exaggerated by vertical crushing 
in the cranium of ‘M.’ andium, which, in the natural condition, is probably not less elevated or acrocephalic than that of Ocalientinus ojocaliensis illustrated in 
figure 405. Compare ‘M.’ humboldtii cranial profile (Pig. 497) with Eubelodon morrilli cranial profile (Fig. 576). 

we 
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sembler a celles de M. Humboldti, qui présentent deux tréfles au lieu d’un. Les figures ci-jointes (fig. 13), représentant une 
série de sections horizontales successives d’une méme molaire [Footnote: ‘Ces sections, obtenues en usant A la meule un 
morceau de dent, différent un peu d’ailleurs de ce que donne l’usure naturelle. Celle-ci n’est ni plane, ni horizontale comme 
l’'usure artificielle, elle est concave et oblique vers |’avant.’], mettent en évidence ces variations d’aspect suivant le degré d’usure. 

529 

The above diagram (Fig. 496) shows that while the single central trefoil prevails, there are faint rudiments of 
the double trefoil in certain specimens of M. andium. 

In his chapter “Etude Comparative des Mastodontes de |’Amérique du Sud” (p. 62) Boule considers 

Mastodon andium. 

1. Taille moindre. 

2. Défenses longues, tordues en spirale, avec une forte 

bande d’émail. 
3. Molaires plus allongées, formant par usure un seul 

tréfle pour chaque colline. 

4. Trilophodonte, mais avec un talon assez développé 
pour présenter parfois une tendance vers la forme tétralopho- 

donte. 
5. Email généralement moins plissé. 

6. Symphyse plus longue et moins arquée vers le bas. 

7. Fossile surtout dans les Hauts Plateaux des Cordil- 

léres. 

Mastodon Humboldti. 

1. Taille plus considérable. 

2. Défenses arquées, plus courtes, sans bande d’émail 
ou avec faible bande d’émail. 

3. Molaires plus carrées, formant par usure un double 
tréfle pour chaque colline. 

4. Trilophodonte. 

5. Email présentant généralement un aspect plus plissé, 
sur les molaires usées. 

6. Symphyse de la m&choire inférieure plus courte. 

7. Fossile surtout dans les Pampas de Buenos-Aires 

et du Brésil. 

Fig. 32. 

Crane de Mastodon Hamboldti, vu de face et de profil. (Museum national d'histoire naturelle. ) 

1/10° de 1a grandeur vraie. 

Fig. 497. Cranium of Cuvieronius humboldtii in the Paris Museum. After Boule, 1920, fig. 32; compare 

crania of C. platensis (Fig. 563) and of C. bonaerensis (Fig. 542) below. 

Comparing the cranium of M. humboldtii in the Paris Museum (Fig. 497) Boule concludes (pp. 65, 66): 

On peut caractériser d’un mot la morphologie cranienne du M. Humboldti en disant qu’elle est beaucoup plus éléphan- 

tique, aussi bien dans son aspect extérieur que dans son architecture interne 1 ' 

On voit que, par tous ces caractéres, le Mastodon H umboldti est beaucoup plus évolué, plus différencié, plus perfectionné dans le 

sens proboscidien que le M. andiwm, dont la morphologie cranienne est encore bien voisine de celle des Mastodontes miocénes. 

(fig. 3, p. 23 [Fig. 495 of the present Memoir]) . . . 

the comments of Cuvier, de Blainville, Laurillard, Gervais, Burmeister, and Nordenskiéld, reciting especially 

(p. 63) the résumé of Nordenskidld. 
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On voit surtout que les deux espéces sont trés différentes et que leur distinction sera toujours des plus faciles quand on aura 

des cranes entiers ou des portions importantes de cranes. Cette étude nous fournit un nouvel exemple de la nécessité ot se 

trouvent les paléontologistes d’avoir toutes les parties du squelette des animaux dont ils cherchent & établir les affinités. Tous 

les auteurs qui, jusqu’A présent, ont eu A déterminer des restes de Mastodontes de l’Amérique du Sud, éprouvant de grandes 

difficultés 4 distinguer les molaires du Mastodonte des Andes des molaires du Mastodonte de Humboldt, ont pensé que ces 
deux espéces étaient trés voisines. L’étude comparative des cranes montre au contraire qu’elles présentent des différences 
considérables et d’une grande importance philosophique. M. andium est un représentant 4 peine évolué des vieux Mastodontes. 

M. Humboldti est une espéce bien plus éloignée de ses origines et qui a fait de grands progres dans une direction ot les Eléphants 

marquent de plus grands progrés encore. 

Boule then makes a larger analysis, including the species described by Ameghino, Philippi, and Pompeckj, 

giving a summary of his own views in tabular form (p. 67); Boule’s summary, however, which divides the 

South American mastodonts into two sections (I and II), does not rest on his original observations, but is trans- 

lated directly from the classification in Spanish on page 639 of Ameghino’s Memoir of 1889: 

I. Molaires dont l’usure moyenne des collines produit l’aspect d’un seul tréfle. 

A. Taille considérable: 
a. Défenses fines, peu arquées, tordues en spirale, avec bande d’émail 

longitudinale tre eres cs ivckes 4 aac hee Gite eee eee M. andium. 

Chili, Pérou, Equateur, Bolivie. 

b. Défenses fines, presque droites, sans bande d’émail................ M. platensis. 

Proy. de Buenos-Aires. 

c. Défenses plus massives, sans bande d’émail, droites ou presque droites M. rectus. 

La Plata, Buenos-Aires. 

B. Taille plus petite (2/5) que les espéces précédentes. Défenses courtes, fines, pres- 

que droites, non tordues en spirale, avec une bande d’émail longitudinale M. argentinus. 

N. O. de la République Argentine. 
II. Molaires dont l’usure moyenne des collines produit l’aspect d’un double tréfle; pas de 

bande d’émail: 

a. Défenses trés arquées, diminuant réguliérement de diamétre de la 

DES@Eee LA MO OMMLC Re ors. sistas wis, woo ee Gt SG ial SSE oe Ee M. Humboldti. 

République Argentine, Uruguay, 

Paraguay, Brésil, Nouvelle- 

Grenade. 

b. Défenses moins arquées, avec un maximum de diamétre vers le milieu M. superbus. 

Sante-Fé. 

Although in the above table Boule adopts Ameghino’s classification without change, he regards (p. 68) 
the species proposed by Ameghino as representing merely individual variations, on the one hand, of M. andium, 
and, on the other, of M. humboldtii. Osborn (1933) does not accept the following revision by Boule (1920): 

M. humboldtii Cuvier=variety or synonym, M. platensis Ameghino, M. superbus Ameghino. 
M. andium Cuvier=fragmentary specimen or synonym, M. rectus Ameghino. 
M. argentinus Ameghino=ancestral form of M. andium. 
M. chilensis Philippi, appears to be a local race of M. andiwm. 
M. bolivianus Philippi, probably a male specimen or local race of M. andium. 

GEOGRAPHIC DistTRIBUTION (BOULE, 1920).—There follows (pp. 69, 70) a full and interesting description of 
the geographic distribution of these species. 

M. andium and its varieties once occupied an extensive region in South America; its remains have been found 
in horizons of very constant lithologic character, gravels, sands, and clays, but at variable altitudes from 1,800 m. 
(Bolivia, i.e., Tarija) to 4,000 m. (Peru). Its remains have also been found in the Andean region of Bolivia, 
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RESTORATIONS OF THE NOTOROSTRINES AND HUMBOLDTINES AS KNOWN UP TO THE YEAR 1933 
By Margret Flinsch, under the direction of Henry Fairfield Osborn (1933) 

Uniform seale of one-hundredth 
Fig. 498. The present phylogenetic grouping of these two subfamilies seems to be as below; the proposed (1934) new 

generic and subfamily grouping is shown in the Notorostrine and Humboldtine reclassification at the close of the 
present chapter (p. 615). The measurements are estimated. 

“MAsTopoNn’ HUMBOLDTIIT GROUP 

Superior tusks straight to upcurved, without enamel 
band. 

Cuvieronius superbus, Argentina, 9 ft. 11 in. 
Cuvieronius platensis, Argentina, 9 ft. 45, in. 

Cuvieronius postremus, Ecuador, 7 ft. 24 in. 
Cuvieronius ayore, Ecuador, 6 ft. 8% in. 

EUBELODON MORRILLI GRouP 

Superior tusks straight, without enamel band. Inferior 
mandible pointed, without tusks. 

Eubelodon morrilli, Nebraska, 8 ft. 5'g in. 

STEGOMASTODON MIRIFICUS GROUP 
Superior tusks upeurved, without enamel band. 
Stegomastodon mirificus, Nebraska, 8 ft. 44 in.., described 

in Chapter XIII. 

‘Mastropon’ anprum Group 
Superior tusks down- and outeurved, with spiral 

enamel band. 

Cordillerion andium, Ecuador, 7 ft. 2'4 in. 

Cordillerion edensis, California, 7 ft. 2% in. 

NOTIOMASTODON ARGENTINUS Group 

Superior tusks downcurved, with broad enamel! band. 
Notiomastodon argentinus, Argentina, 8 ft. \ in. 

Notiomastodon ornatus, Argentina, 8 ft. 104 in. 

(Osborn, 1934) The genus Notiomastodon, including the 

two species Notiomastodon ornatus and N. argentinus, 

is transferred to the Serridentinw (see pp. 590-592 of 
this chapter). For final classification, see Appendix 

to the present Volume I, under Serridentid# fam. nov., 
Notiomastodonting subfam. nov 

The abbreviated mandible (Pl. xu) contains no in- 

ferior tusks. 
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possibly in Colombia, Brazil, Chile, and Ecuador. Similar or identical forms were found by Leidy (1866 [1859, 

1869]) in Honduras, by von Meyer (1867) in Michoacan, Mexico, and related forms in Texas (Cope, 1884). 

M. humboldtii has an altogether different distribution; it is characteristic of the plains region, of the pampas, 

found chiefly in the neighborhood of Buenos Aires, but also in Brazil and Uruguay. It therefore represents the 

species of the lower levels, while M. andium is characteristic of the mountains, although this contrast is not an 

absolute one. The specimens attributed to this 

species at Tarija by Carles and Ameghino do not Bae cpanel 

belong to it; at Tarija there is only one species of 

mastodont, namely, M. andiwm. On the other hand, 

eee _ 

M. Humboldtt M andium M. americanus 

an important discovery near Riobamba, Ecuador, M. Bumboldti ——M, andiam : 
: i : M. mirificus M. arvernensis M. Borsoni 

attributed to M. andium, belongs without doubt to M. trepicus | M. ‘Shepardi sens 

M. humboldtii. This specimen’ ineludes an almost 

complete skeleton of M. humboldtii discovered by 

Doctor Proafio in the valley of Chalang near Punin, 

province of Chimborazo, at an altitude of 2,800 m. 

M. productus M. Falconert M. longirostris M. latidens 

M. angustidens M. perimensis 

This ‘“Mastodonte du Chimborazo”’ was attributed M, corridens 

to M. andium, but a single glance at the photographs Maaogesiules Breas 
convinces one that it pertains to a very fine example CSL RS UR eer = sevseeecessssesees FOPIME "TETRABELODON sororvesssrssconssnsssvsonssscenenrnnnssesceussnzurreearsneanernnsssnney 

of M. humboldtii, the cranium altogether resembling 

that in the Museum of Natural History, Paris. It 

Oligoc. Forme PavzomasTopon 

a 5 4 Les espéces américaines sont en caractéres gras, les espéces asialiques en ituliques, 

follows that M. humboldtii extended its habitat from ‘Eacrties cia once monn anlinticn 

the plains into the higher mountain regions, and that Fig. 499. Phylogeny of the Mastodontide. After Boule, 1920, p. 73. 
many remains attributed to M. andium may belong to Compare with the phylogeny of the Mastodontoidea of Osborn (1935) in the 

Appendix at the close of the present Volume I. 

this species. 

PHYLOGENY OF THE MAstropontiIp#.—In a retrospective review of the phylogeny of the Proboscidea, Boule 

traces the North and South American mastodonts back to the ancestral Palzomastodon and presents (p. 72) his 

ideas of the relationships of the American species M. serridens | =Serridentinus|, M. mirificus [= Stegomastodon], 

and M. shepardi |= Rhynchotherium| as living in Texas, California, Kansas, and Mexico, to be considered as 
approximately parental or ancestral to M. andium, with its single trefoils; all derived by Boule from 

M. angustidens | =Trilophodon\. 

On the other hand, such Lower Pliocene species as M. campester [= Tetralophodon|, with its double trefoils, 
one might be tempted to consider as ancestral to M. humboldtii but for the fact that M. campester is wholly ‘tetra- 
lophodont’ while M. hwmboldtii is trilophodont. Boule finds that the M. tropicus Cope, 1884 [= Cordillerion] 
may be regarded as a direct ancestor of M. hwmboldtii. 

Boule’s phylogenetic review (in which fifteen bunomastodont species, divided into nine different genera in 
the present Memoir, are placed within the single genus Mastodon) contrasts the two species (p. 72) of M. 
andium and M. humboldtii: 

M. andium, tout en étant aussi plus évolué que les Mastodontes miocénes A quatre défenses, a gardé beaucoup plus de 
souvenirs de ses origines: forme surbaissée du crane, défenses inférieures rudimentaires, molaires peu compliquées. II repré- 
sente une survivance attardée d’un vieil état de choses, tandis que son congénére et contemporain, le M. Humboldti, représente 

Ign: ; 92 ‘ . 7 Spillmann (1928, 1931) made this skeleton the type of Bunolophodon ayore |=Cuvieronius ayore Osborn]; his description and type illustrations 
are fully set forth in Section IT, 4 and 5, of this chapter. 
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au mean as forme aes, progressive d’un groupe destiné d’ailleurs A disparaitre rapidement. Cette espéce, loin d’étre un 
simple rameau latéral, s’insérant sur le rameau de M. andium comme on était porté A le croire, a di se détacher de son groupe 
de trés bonne heure, probablement dés le Miocéne supérieur. 

The author concludes (p. 74, see also Fig. 499 of the present Memoir) with a contrast between the history 
of the Proboscidea in Europe and in America: 

Tandis qu’en Asie et en Europe de nombreux Eléphants ont suceédé aux Mastodontes et que, dans l’Amérique du Nord 
se sont développés des Mastodontes (M. americanus) A molaires formées de crétes paralléles, a difenms recourbées slave callin 
des Mammouths par suite d’une adaptation semblable, Mastodontes issus eux-mémes de formes européennes plus RES 
(M. Borsonz), les Mastodontes 4 dents mamelonnées ont persisté dans |’Amérique du Sud. Par une loi assez générale de révolu- 
tion des Vertébrés terrestres, les formes les plus primitives ont survécu dans les régions les plus tropicales, probablement A 
cause de la persistance d’un climat chaud et humide. Quand une période séche est survenue, ils se sont éteints, comme se sont 
éteints les Chevaux et les grands Edentés. 

Bou e’s Errors IN PHyLoGeNy.— While welcoming the many new observations and new facts brought forth 

in Boule’s Memoir of 1920, as enumerated or cited above, Osborn is unable to accept any of Boule’s conclusions or 

theories as to the relationships or phylogeny (Fig. 499) of these animals. We observe in this phylogeny of Boule 

that neither family, subfamily, nor generic lines of descent are followed, but that the zygolophodont ‘M.’ turicensis 

is made the stem form of one great branch designated as ‘Lophiodontes,’ while the bunomastodont ‘M.’ angustidens 

is made the stem form of another great branch from which arise all the subfamilies of the bunomastodont molar 

type, namely, the Longirostrine, Brevirostrine, Rhynchorostrine, Notorostrine, and Tetralophodontine of the 

present Memoir. As bearing upon the Boule phylogeny (Fig. 499 of this Chapter), Cordillerion andium is 

erroneously derived by Boule from Stegomastodon mirificus, while Cuvieronius humboldtii springs from Cordil- 

lerion tropicus and more remotely from Trilophodon angustidens. 

Osborn, 1927: For the reasons given herein Osborn regrets that he cannot accept the Ameghino-Boule classi- 

fication, or the opinions of Boule either as to the relationships or the phylogeny of these species. 

Osborn, 1933: At the close of this Volume, Osborn presents an up-to-date phylogeny of the Mastodontoidea 

(see Appendix). 

5. THE NOTOROSTRINES FROM MEXICO DESCRIBED BY COPE (1884, 1893), FELIX (1891), 

VILLADA (1903), AND FREUDENBERG (1922) 

The two members of the Bunomastcdontide thus far discovered in Mexico prove to belong to two very 

distinct genera, namely: (a) Rhynchotherium, with molars exhibiting single trefoils and enamelled superior and 

inferior incisor teeth, and (b) Cordillerion, with single trefoils and with inferior incisor teeth entirely wanting. In 

both these genera the third superior and inferior grinding teeth, M*-Mg, exhibit single trefoils; consequently it is 

necessary to examine the proportions of the third upper and lower grinders very carefully to distinguish the genus to 

which these grinders found in Mexico belong: 
ap. tr. i. 

(a) Broad grinders: Rhynchotherium browni, single trefoils, proportions of Ms relatively broad, e.g........ 176 96 55 

(b) Narrow grinders: Cordillerion tropicus, single trefoils, porportions of Ms relatively long and narrow, e.g., 188 82 44 

Once familiar with these differences of proportion, we can distinguish: (b) The long narrow grinders of Cordil- 

lerion from the relatively broad grinders of Rhynchotherium; another distinction is the very sharply defined 

trefoils characteristic of Cordillerion. (a) The most certain distinction is the large inferior tusks with enamel band 

in Rhynchotherium; while the known Rhynchotherium grinders of Mexico are broad, those of the R.* euhy- 

podon type of Nebraska are relatively narrow. 

‘Referred in’ the present Memoir to the genus Blickotherium Frick, 1933. 
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1. Cope (1884.2) was the first to examine the collections in the two Museums of the City of Mexico and to 

recognize in ‘“Dibelodon shepardi”’ an animal closely related to Mastodon andium Cuvier which he later (1893) 

described as Mastodon oligobunis |= Cordillerion oligobunis]. 

2. In 1891, J. Felix and H. Lenk in their ‘‘Uebersicht iiber die geologischen Verhiltnisse des mexicanischen 

Staates Puebla” described the Proboscidea from Mexico as belonging to Elephas primigenius Blum., Elephas 

columbi Fale., and Mastodon shepardi Leidy. While following Cope in referring to Mastodon shepardi a mastodont 

with tuskless lower jaw (op. cit., p. 132), Felix and Lenk (p. 133) recognized Mastodon tropicus Cope also Mastodon 

andium, but in the latter case they cite not their own observations but Falconer’s description of Rhynchotherium. 

3. FREUDENBERG, 1922.—This confusion in the relationships of these various bunomastodonts unfortunately 

was not cleared up in Wilhelm Freudenberg’s Memoir, ‘“‘Die Saiugetierfauna des Pliocéins und Postpliocéns von 

Mexiko, II. Teil: Mastodonten und Elefanten.’”’ Freudenberg himself was misled (pp. 113-115) by the very 

incomplete description by Leidy (1870 [1871]) of the type of Mastodon shepardi, also by Cope’s designation of his 

Mexican specimen first as Dibelodon shepardi and second as the type of Mastodon oligobunis. He writes 

(Freudenberg, 1922, p. 115): 

Diese Entwicklungsgiinge wurden in friiherer Zeit ganz tibersehen. Es war eine natiirliche Folge hiervon, dass auf Grund 

ahnlicher Zahnformen schliesslich miociine, pliocine und diluviale Arten zusammengeworfen wurden. Die mexikanischen 

Arten trugen lange Zeit die Bezeichnung M. Shepardi {Footnote: ‘Dibelodon Shepardi Leidy aus Kalifornien und Mexiko 

(recte M. oligobunis Cope) wird wegen der mexikanischen Mastodon-Mandibeln aus den dortigen Quartirschichten zum Kron- 

zeugen des Genus Dibelodon gemacht, neben D. tropicus Cope, tropisches Amerika, und M. Humboldti Cuv., Siidamerika. 

(Obere Stosszihne mit Schmelzband, untere Stossziihne fehlen.) Copes Genus ‘Mastodon’ (obere Incisiven ohne Schmelzband, 
untere fehlend) sei in Mexiko nicht vertreten, dagegen fiihrt Cope einen Tetrabelodon aus Mexiko an, naimlich Tetrabelodon 

Andium Cuvier, Siidamerika, Mexiko (obere Stosszihne mit Schmelzband—er denkt an M. serridens—, untere wenigstens bei 

den Mannchen vorhanden)’]. Cope hat seinen Irrtum spaéter eingesehen und benannte den mexikanischen Dibelodon mit 

dem neuen Namen ‘M. oligobunis.’ 

Freudenberg was not justified by the supposed absence of the superior enamel band in removing Cope’s type 

of Mastodon oligobunis from its relationship to M. andium (Freudenberg, quoting from Cope, 1922, p. 117): 

‘Nichts spricht dafiir, dass die mexikanische Art ein Schmelzband an den oberen Molaren [Incisiven] besitzt. Ich beziehe 
darum die letztere Art auf das Genus Mastodon unter dem Artnamen Mastodon oligobunis Cope. Sie unterscheidet sich von 

Dibelodon tropicus in der kleineren Zahl von Jochen am letzten Molaren und in ihrer grésseren Einfachheit. Sie sind auch nicht 

langs geteilt, und nur die diusseren Hilften des ersten und zweiten Joches haben Sperrhiigel (buttresses) vorn und hinten, wenig- 

stens bei einigen Individuen.’ Eine Abbildung gibt Cope nicht. Felix bildet unter dem Namen M. Shepardi einen letzten oberen 
Molaren aus Mexiko ab. (Palaeontographica. Vol. 37. 1891. t. 30.) 

Through this error Freudenberg separated the four subspecies, which he proposed, from what appears to be 

their true phyletic affinity to Cordillerion andium. He concludes his review of these bunomastodonts (p. 118) 

as follows: 

Im folgenden unterscheide ich 4 verschiedene Mutationen oder Varietiiten des Mastodon (Dibelodon) oligobunis Cope. 
Das sind: var. antiquissima, var. Felicis, var. intermedia und var. progressa. Vielleicht ist var. antiquissima identisch mit der 
verloren gegangenen Mandibel von Tlaxcala am Ostrande der Mesa central von Mexiko. Der Fundort Tlaxcala wird von 
Aguilera der Pliocinformation zugerechnet. Es sind blitterfiihrende Tone mit Resten altertiimlicher Saiugetiere. 

REFERRED TO CORDILLERION OR POSSIBLY TO RHYNCHOTHERIUM.—In none of these types of Freudenberg 
do we observe the relatively broad proportions characteristic of M; in Rhynchotherium tlascale. The third superior 
molar figured by Felix as ‘Mastodon shepardi’ (1891, Taf. xxx) and subsequently by Freudenberg (1922, Taf. 
x) as the type of ‘Mastodon oligobunis felicis’ (see Fig. 516 of the present Memoir) appears to present the 
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proportions characteristic of Cordillerion andium, as displayed in figure 488 of the present Memoir, after Gervais. 

From the relatively narrow proportions of the type grinding teeth of these four subspecies, as reproduced in the 

present Memoir, we may provisionally refer them all to the genus Cordillerion, but comparison with the inferior 

grinding teeth of the types of Rhynchotherium tlascale and R. falconeri shows that we must be cautious in these 

references. Consequently: 

Mastodon oligobunis Cope, 1893 =Cordillerion oligobunis of this Memoir 

Mastodon oligobunis var. antiquissima Freudenberg, 1922 =Cordillerion oligobunis antiquissimus of this Memoir 

Mastodon oligobunis var. Felicis Freudenberg, 1922 =Cordillerion(?) oligobunis felicis of this Memoir 

Mastodon oligobunis var. intermedia Freudenberg, 1922 =Cordillerion(?) oligobunis intermedius of this Memoir 

Mastodon oligobunis var. progressa Freudenberg, 1922 =Cordillerion oligobunis progressus of this Memoir 

In his concluding review of these species, Freudenberg states that his four subspecies, !. olig. antiquissima, 

M.olig. felicis, M. olig. intermedia and M. olig. progressa constitute a series of ascending mutations which he terms 

varieties; the most progressive of these mutations, e.g., M. oligobunis progressa, is the most closely related to the 

type of Dibelodon [= Cordillerion] tropicus Cope. 

6. TAMBLA TOOTH OF CENTRAL AMERICA 
” 

In 1859 Leidy mentioned the so-called ‘“Tambla tooth” (Fig. 454) found near Tambla, Honduras, which 

later (1869, p. 242, Pl. xxvir, fig. 14) he described in detail and figured as possibly belonging to Mastodon 

[=Cordillerion| andium. It proves (Osborn, 1931) to be more primitive than Rhynchothervum falconeri (Fig. 468) ; 

it resembles R. browni of Sonora, Mexico (Fig. 467). 

7. CALIFORNIA, TEXAS, AND ARIZONA SPECIES 

(1) In 1921 Frick described the subspecies Trilophodon (Tetrabelodon) shepardi edensis from the Eden formation 

of southern California, now in part the type of Cordillerion edensis. (2) Five years later (1926) Hay published 

his paper on “‘A Collection of Pleistocene Vertebrates from Southwestern Texas,”’ in which he described two 

new mastodonts from near Sinton, San Patricio County, namely, Anancus orarius and A. defloccatus. (8) In the 

same year Gidley named his Anancus bensonensis, found near Benson, Cochise County, Arizona. (4) Osborn 

has transferred these four species to the genus Cordillerion (see detailed description of these types below in the 

present chapter). 

Group or CorpILLERION EDENSIS Frick, SAN BERNARDINO County, CALIFORNIA 

RESTORED UNDER THE DIRECTION OF Henry FAIRFIELD OSBORN BY Maroret Furscu (1932) 

One-fiftieth natural size 

Fig. 500. The enamel-spiraled tusks and broad rostrum of this species enable us to restore 

on its way to the Andes of South America. This is one of the most surprising and welcome results of the Up 

the direction of Childs Frick. 

this group, in the picturesque environment of Mt. Eden, as 

er Pliocene explorations of Joseph Rak, under 
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| 8. ORDER OF DISCOVERY AND DESCRIPTION OF THIRTY! SOUTH AND NORTH AMERICAN 
(MEXICO, TEXAS, CALIFORNIA, ARIZONA, NEBRASKA) SPECIES 

This list and the map opposite do not include the species of the Stegomastodon mirificus group (Fig. 590) recently (1934) added to the 
Humboldtines. 

See Figure 501 

OricinaL NAME Previous REFERENCE Speciric REFERENCE IN 

1602 Giant bones found in Tarija (fide Ame- ihe 
ghino, 1889, p. 634; Boule, 1920, p. 1) 

1. 1806 Mastodonte des Cordilié¢res Cuvier, 
Quito, Ecuador..................=Mastodon andium Cuvier, 1824 =Cordillerion andium 

2. 1806 Mastodonte humboldien Cuvier, Con- 
cepcion,“G@biletiy., 12). 5 aa = Mastodon humboldtii Cuvier in 

Desmarest, 1818; M. hum- 
boldii in Cuvier, 1824...... =Cuvieronius humboldtii 

1. 1814 Mastotherium hyodon Fischer de Waldheim, Cordilleras............ =Cordillerion andium 
2. 1814 Mastotherium humboldtii Fischer de Waldheim..................-... =Cwwieronius humboldtii 
2a. 1814 Mastodon rhomboides Rafinesque, Cordilleras....................... =Cordillerion andium 
2b. 1814 Mastodon humboldtianus Rafinesque, South America................. = Cuvieronius humboldtii 
2. 1818 Mastodon humboldtii Cuvier in Desmarest, Concepcion, Chile..........=Cuvieronius humboldtii 
1. 1820-1822 Mastodon cordillerarwm Desmarest, Quito, Ecuador................... =Cordillerion andium 
1. 1824 M. [Mastodon] Andium Cuvier, Quito, Ecuador....................... =Cordillerion andium 
2. 1824 M. [Mastodon] humboldii Cuvier, Concepcion, Chile.................... =Cuvieronius humboldtii 
3. 1842 Mastodon Brasiliensis Lund (in Lesson, 1842), Valley of the Velhas 

River, Province of Minas Geraes, Brazil................-+-s:0e: =Cuvieronius (?) brasiliensis 
4, 1884 Dibelodon tropicus Cope, State of Michoacan, Valley of Mexico......... =Cordillerion tropicus 
5. 1888 Mastodon argentinus Ameghino, Argentina...........................=Notiomastodon argentinus' 
6. 1888 Mastodon platensis Ameghino, lower Pampean formation, San Nicolis 

de los Arroyos, Province of Buenos Aires, Argentina............. = Cuvieronius platensis 
7. 1888 Mastodon superbus Ameghino, Pergamino, Province of Buenos Aires, 

PATIENIUINIA IS ntsc ee ala, ave sre ons eee a eMail ate aut ati gees eee ar eens = Cuvieronius superbus 
8. 1888 Mastodon bonaerensis Moreno, Arrecifes, Province of Buenos Aires, 

AT PRUNE Aes ee seo uO crates tied emilee ciate tener gp atone = Cuvieronius bonaerensis (= superbus) 
9. 1889 Mastodon rectus Ameghino, La Ensenada, near La Plata, Argentina... =Cuvieronius rectus 

10. 1891 Mastodon maderianus Ameghino, Puerto Madero in Buenos Aires, 
pNeirera barnes, cof ee sre eh ste) oles ba tohuse ila @ coo kata ir sans eee = Cuvieronius (?) maderianus 

11. 1893 Mastodon chilensis Philippi, near Lake Tagua-Tagua, Chile............=Cuvieronius chilensis 

12. 1893 Mastodon bolivianus Philippi, Ulloma, Bolivia.........................-=Cordillerion bolivianus 

13. 1893 Mastodon oligobunis Cope, Tequixquiac, Valley of Mexico............. = Cordillerion oligobunis 

14. 1902 Mastodon tarijensis Ameghino, Valley of Tarija, Bolivia.............. =Cordillerion tarijensis 

15. 1914 Eubelodon morrilli Barbour, Devil’s Gulch, south side of Niobrara 

River, Brown! Col, “Nebraska... 2 .\. 2) sn wisceeicie cota ene = Eubelodon morrilli 

16. 1915 Mastodon pirayuiensis Gez, Corrientes, Argentina... .............055. =Cuvieronius pirayuiensis 

17. 1917 Gomphotherium gratum Hay, Pittbridge, Burleson County, Texas... . . .. = Cordillerion gratum 

18. 1921 Trilophodon (Tetrabelodon) shepardi edensis Frick (in part), Mt. Eden 

Hot Springs, San Bernardino Co., California...................... =Cordillerion edensis 

18. 1922 Dibelodon edensis Osborn (in part), Mt. Eden Hot Springs, San Bernard- 

ino! Co«California: ” $4 % sn )stlcttcrn tea ap verso aisre ea sree Mes =Cordillerion edensis 

19. 1922 Mastodon oligobunis var. antiquissima Freudenberg, Valley of Amajaque ie ; ; wer 

Hidalgo, Mexico........0:000000cetnererecnssensess er = Cordillerion oligobunis antiquissimus 

{ 20. 1922 Mastodon oligobunis var. Felicis Freudenberg, Puebla, Mexico......... = Cordillerion(?) oligobunis Jelicis 

21. 1922 Mastodon oligobunis var. intermedia Freudenberg, Mexioo. 2 i40dss =Cordillerion(?) oligobunis intermedius 

22. 1922 Mastodon oligobunis var. progressa Freudenberg, Cannada (canyon) de ini 

Aculcingo, Mexico.........0-.2 eee e eee eee et ee tent eneencens = Cordillerion oligobunis progressus 

23. 1926 Anancus orarius Hay, near Sinton, Texas... ... 2.66... s00 sees eee ees =Cordillerion orarius 

24. 1926 Anancus defloccatus Hay, near Sinton, Texas........- +. 0-0 s0s0eseees =Cordillerion defloccatus 

25. 1926 Anancus bensonensis Gidley, near Benson, Arizona...........-+++++> =Cordillerion bensonensis 

26. 1928 Mastodon andium Kraglievichii Berro, Uruguay.......... +--+ +s2+.5+55 =Cordillerion andium kraglievichti 

27. 1928-1931 Tetrabelodon (Bunolophodon) Ayorae Spillmann, Quebrada von Chalang, ' 

near Punin, Province of Chimborazo, Eeuador, ...........0.... =Cuvieronius ayorx 

28. 1929 Notiomastodon ornatus Cabrera, Monte Hermoso, Province of Buenos io" 

Aires, Argentina. .... ee iat care hore = Notiomastodon ornatus' 

29. 1929-1931 Bunolophodon postremus Spillmann, Quebrada von Cachihuayco, near ‘ 

the village of Alangasi, Province of Pichincha, Ecuador .. ......... - =Cuvieronius postremus 

30. 1931 Teleobunomastodon bolivianus Revilliod, Valley of the Rio Desaguadero, Ltn ae A 

SOLVER ins oe veo os ee ee ta ro ie =Cordillerion (?)bolivianus ref. 

isferred to the Serridentide fam. nov., Notiomastodontinw subfam. nov. (see Ap- 
1(1935) Twenty-eight, as the two species of Notiomastodon have been trat fam. 

o. valine 5 below), the Notorostrinw and Humboldtine include thirty- 
pendix to present Volume I). With the addition of the eight species of Stegomastodon (see p, 62 

six species in all. 
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II. SYNOPSIS AND PHYLOGENETIC REVISION UP TO 1929! 

See Synopsis and Systematic Revision of 1934 (Sec. IV) at the close of this chapter. See also the Appendix to the present Volume I. 

The previous historical introduction of the present Chapter XII sets forth clearly and fully the successive 

observations, opinions, and theories of Cuvier, Desmarest, de Blainville, D’Orbigny, Laurillard, Gervais, Lund, 

Ameghino, Moreno, Philippi, Nordenskiéld, Cope, Lull, Boule, Felix, Villada, and Freudenberg, and concludes 

with a list of the species described up to the close of the year 1931, so far as the literature accessible to the 

present author records. The recent reviews of Cabrera and Spillmann are treated in Sec. IT, 6, 4 and 5. 

The systematic revision for the present Memoir of the mastodonts of South America includes, first, the steps 

taken by Osborn to separate them as a new and distinct subfamily, the Nororostrin&, and, second, to distin- 

guish within this South American subfamily four distinct generic phyla, namely, Cordillerion, to include Mastodon 

andium and all the species related to it, Cuvieronius, to include M. humboldti and allits related species, Notio- 

mastodon, to include the genotype N. ornatus and provisionally the type of ‘Mastodon’ argentinus, and the 

North American genus, Hubelodon Barbour, based on the species Eubelodon morrilli of Nebraska. A provisional* 

arrangement of these species, subject to further and closer examination of the type specimens of Ameghino, 

is as follows: 

Cuvieronius, including M. humboldtii and related species: 

Cuvieronius humboldtii Cuvier, Desmarest, 1806, 1818, 

Cordillerion, including M. andium and related species: 

Cordillerion andium Cuvier, 1806, 1824 
2: tropicus Cope, 1884 
us bolivianus Philippi, 1893 
aS oligobunis Cope, 1893 

tarijensis Ameghino, 1902 (name only) 
gratum Hay, 1917 

ss (Dibelodon) edensis Osborn, 1922 
oligobunis antiquissimus Freudenberg, 1922 

f oligobunis felicis Freudenberg, 1922 
oligobunis intermedius Freudenberg, 1922 
oligobunis progressus Freudenberg, 1922 
orarius Hay, 1926 
defloccatus Hay, 1926 

brasiliensis Lund (in Lesson, 1842) 
platensis Ameghino, 1888 
superbus Ameghino, 1888 
bonaerensis Moreno, 1888 
rectus Ameghino, 1889 
maderianus Ameghino, 1891 
chilensis Philippi, 1893 
pirayuiensis Gez, 1915 
ayore Spillmann, 1928 
postremus Spillmann, 1929 

Notiomastodon Cabrera, 1929 
4 bensonensis Gidley, 1926 : INE). Notiomastodon ornatus Cabrera, 1929 

andium kraglievichii Berro, 1928 ‘ argentinus Ameghino, 1888 

Eubelodon Barbour 

Eubelodon morrilli Barbour, 1914 

1. OSBORN’S SEPARATION OF THE SUBFAMILY NOTOROSTRINAE (1921-1926) 

In 1918 Osborn (1918.468) began his publications on the phylogeny and systematic revision of the Probosci- 

dea, stating his opinion (p. 133) “that Cope’s method of morphological classification is untenable, that the only 

true and permanent classification is phylogenetic.”’ By this method Osborn (table opp. p. 134) rightly revived 

the three genera of Falconer, Trilophodon, Rhynchotherium, and Tetralophodon, but Osborn fell into many errors, 

as indicated by subsequent corrections in [ ], in arranging the species within these three phyletic genera, e.g.: 

Trilophodon Rhynchotherium Tetralophodon 
(longirostral) (medirostral) (brevirostral) 

T. angustidens R. tlascale T. humboldtii [= Cuvieronius] 
T. palxindicus 
T. campester |= Tetralophodon| 
T.. productus | = Serridentinus] 

T. andium [| =Cordillerion] 
T. arvernensis [= Anancus]| 
T. mirificus [= Stegomastodon| 
T. hasnoti|=Synconolophus] 

R. euhypodon { = Blickotherium] 
?R. shepardi= Dibelodon Cope 

[ = Rhynchotherium] 
R. brevidens 

‘This Section II has been further revised to embrace certain results of the researches by the present author up to the year 1935. For final classification, 
see Appendix to the present Volume I. 
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, Beginning with this preliminary study of 1918 Osborn approached a truer conception of proboscidean phy- 
logeny in 1921 (Osborn, 1921.515) in which the following arrangement appears: 

LoNGIROsTRIN#® Osborn BREVIROSTRIN® Osborn 
Mastodon 

M. andium Cuvier, genotype | = Cordil- 
lerion andium| 

M. humboldtii Desm., Cuvier { = Cuv- 
teronius humboldtit| 

M. (Dibelodon) tropicus Cope | = Cordil- 
lerion tropicus} 

M. successor Cope |= Stegomastodon 
successor | 

?Eubelodon morrilli Barbour | = Eubelodon| 

Cope had previously suggested (1884) that his Dibelodon tropicus was close to Mastodon andium. Osborn 

observed (1921.515, p.10) that Hubelodon morrilli (Barbour, 1914.1) exhibits an abbreviated lower jaw, no lower 

tusks, superior tusks without enamel band, thus differing from M.[=C.] andium in one important character only, 

namely, in the absence of an enamel band, while agreeing in the absence of the lower tusks. This was the third 

genuine approach to a true phylum, because both Lull and Cope had previously observed the affinities of the 

Texas, Mexican, and South American species. 

Trilophodon 

T. angustidens Cuvier, genotype 
T. productus Cope [= Serridentinus 

productus| 
T. giganteus Osborn 
T. obscurus Leidy 
T. palxindicus Lydekker 
T. floridanus Leidy [=Ocalientinus (Ser.) 

floridanus} 
T. osborni Barbour, ete. 

T etralophodon 
T. longirostris Kaup, genotype 
T. campester Cope 
T. punjabiensis Lydekker 
T.. corrugatus Pilgrim [= Syncono- 

lophus corrugatus} 

In the same year Osborn (1921.526, p. 330) clearly distinguished as a new subfamily the short-jawed Noto- 

rostrines of South America from the short-jawed Brevirostrines of Eurasia and North America by the funda- 

mental difference in the structure of their grinding teeth, and fully characterized the Notorostrine as follows: 

The Notorostrinz include all the Central and South American brevirostrines, which are also abundant in the southwestern 

United States—for example, Texas (Blanco formation), Mexico, the Andean, and the Pampean regions. They were distinguished 

in my second paper as ‘The brevirostrines of South America,’ embracing the classic species M. andium Cuy., M. 

humboldtii Cuv.; also M. tropicus Cope (Valley of Mexico), M. successor Cope (Blanco of Texas). They possibly sprang from or 

are related to Eubelodon morrilli Barbour, 1913 [1914], from the Lower Pliocene, Nebraska. The fact that these animals are not only 

profoundly separated from the other bunomastodonts by the progressive abbreviation of the jaw, but that they are the only 
members of the great order Proboscidea which, so far as known at the present time, entered the South American continent, will 
probably convince reluctant paleontologists that they constitute a distinct subfamily, which may be named the Notorostrinw, 
[Footnote: ‘From the Latin of Virgil, ‘notus,’ a southwest wind;’ . . . | or short-jawed mastodons of the South American 

continent. There is a very great variety of form among the ten species which have been described, including, in addition to 

those mentioned above, M. bolivianus Philippi, M. chilensis Philippi, M. platensis Ameg., M. rectus Ameg., M. argentinus 

Ameg., and M. superbus Ameg. The two beautiful skulls in the Stockholm Museum, referred to M. andium by Nordenskjold, 

display a spiral twist of the tusks—a feature quite unique among Proboscideans. 

This subfamily distinction was more fully stated in a paper on the ‘‘Migrations and Affinities of the Fossil 

Proboscideans of Eurasia, North and South America, and Africa’’ (compare Osborn, 1922.566, p. 454): 

BREVIROSTRIN® Osporn, 1918, 1921 NoTOROSTRIN® OsBorn, 1921 
Notorostrine, a special branch enter- 

ing the Andean region of South America 
and spreading over the South American 
continent, distinguished by the loss of the 
lower tusks and the abbreviation of the 
jaw. 
Mastodon andium Cuv. 
Mastodon humboldtii 

All included 
within the genus 

Desm., Cuv., Dibelodon 
Dibelodon tropicus Cope 

Cope 

Eubelodon morrilli Bar- | 
bour 

RHYNCHOROSTRIN® OssBorn, 1918, 1921 

Rhynchorostrinew, beaked bunomasto- 
donts, known [chiefly] in the southern 
United States and northern Mexico, with 
powerful downturned upper and lower 
tusks. 

Mastodon shepardi 
Leidy All included 

within the genus 
Rhynchotherium 

Falconer 

idy 
Mastodon euhypodon 

Cope 
Tetrabelodon  brevi- 

dens Cope 

Rhynchotherium tlas- 
cale Osborn ) 

Brevirostrinw, short-jawed bunomasto- 
donts, which imitate both the true 
mastodonts and the elephants in the 
abbreviation of the lower jaw and the 
early loss of the inferior tusks. 

Mastodon arvernensis All included 
Croiz. et Job. | within the genera 

Mastodon sivalensis Anancus Aymard, 
Cautley }  Pentalophodon 

Mastodon mirificus | Falconer, and 
Leidy [in 1934 Stegomastodon 
transferred to the Pohlig 
Humboldtines]. 



2. OSBORN (1923-1926) SEPARATES THE GENERA CORDILLERION AND CUVIERONIUS 

In 1923 (Osborn, 1923.601) the fourth step was taken in separating Mastodon humboldtu Cuvier as the 

genotypic species of a new genus Cuvieronius from the genus Dibelodon Cope which seemed to Osborn at the time 

to be the only generic name properly applicable to Mastodon andium. This citation is as follows: 

Among the new genera and species of Proboscidea are the following. Cuvieronius, new genus. Based upon the genotypic 

species Mastodon humboldtii Cuv. This genus is distinguished by double trefoils in the superior and inferior grinding teeth, also 

by simple, rounded, outwardly and upwardly curved tusks lacking the enamel bands. The distinctions long observed as 

separating the species Mastodon humboldtii from M. andium also serve to distinguish the genus named in honor of Cuvier from 

the genus Dibelodon Cope which seems to be the only generic name properly applicable to M. andium. 

The fifth step (Osborn, 1926.706, p. 15), taken in preparation for the present Memoir, was the proposal of 

the new generic name Cordillerion, based on the genotypic species Mastodon Andium Cuvier, 1824. The genus 

Dibelodon Cope, neither by definition nor by its genotypic species Mastodon shepard: Leidy, can be applicable 

to Mastodon andium. As shown above in Chapter XI, Mastodon shepardi Leidy belongs among the Rhynchoros- 

trine and should be described as Rhynchotherium shepardi Leidy, so far as we can Judge from the superior incisive 

tusks which constitute the type of this species. 

The sixth step (1927), taken in this Memoir, is to clearly distinguish the genus Cordillerion Osborn from the 

genus Cuvieronius Osborn, taking advantage of the previous observations of the authors cited above and of the 

more or less detailed descriptions below of the chief characters of the two genotypic species, and to add provision- 

ally Barbour’s genus Hubelodon. 

NOTOROSTRIN © HuMBOLDTIN 2! 

Cordillerion Osborn, 1926. Genotypic 
species: Mastodon andium Cuvier, 1806, 
1824. 

1. Broad enamel band on superior 
tusks. 

2. Single trefoils on the superior and 
inferior grinding teeth. Cement in 
progressive stages. 

3. Rostrum of lower jaw of medium 
length, without lower incisive tusks. 

4. Cranium depressed with elongated 
preorbital facial region or maxillary 
rostrum correlated with elongated man- 
dibular rostrum. 

5. Third superior and inferior molars 
relatively narrow, with 4% to 4% ridge- 
crests, apparently 54 ridge-crests on 1.M3 
of referred Cordillerion bolivianus (Fig. 
512), also on r.M; of C. tropicus (Fig. 513). 

6. Second superior and inferior molars 
four crested or tetralophodont? in Tarija 
form (see Fig. 504, 5, after Gervais) ; other 
intermediate molars three crested (see 
Fig. 504, 6, also Fig. 486). 

7. Enamel usually less folded (fide 
Boule). 

8. Symphysis longer and less down- 
turned (fide Boule). 

9. Found chiefly on the high plateaus 
of the Cordilleras. 

Cuvieronius Osborn, 1928. Genotypic 
species: Mastodon humboldtiz Cuvier, 
1806 (in Desmarest, 1818). 

1. No enamel band on superior tusks. 

2. Double trefoils on the superior and 
inferior grinding teeth. 

3. Rostrum of lower jaw abbreviated 
as in Mastodon, without lower incisive 
tusks. 

4. Cranium relatively tall, abbreviated 
or brachycephalic, preorbital facial or 
maxillary rostrum abbreviated, corre- 
sponding with the abbreviated mandibular 
rostrum. 

5. Third superior and inferior molars 
somewhat broader, ridge-crests 5% to 5!s. 

6. All intermediate molars said to be 
three crested or trilophodont.* 

7. Enamel usually more folded, as 
observed in worn teeth (fide Boule). 

8. Symphysis of lower jaw shorter 
(fide Boule). 

9. Found chiefly in the pampas of 
Buenos Aires and in Brazil. 

‘Subfamily name assigned in 1934 (see p. 575 below). 

“Boule observes under Mastodon andium (1920, p. 63): ‘4. 

la forme tétralophodonte.” 

*Boule observes under Mastodon humboldtii (1920, p. 63): ‘4. Trilophodonte.” 
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a 
Eubelodon Barbour, 1914. Genotypie 

species: Hubelodon morrilli Barbour, 1914. 

1. No enamel band on downturned 
superior tusks. 

2. Double trefoils on the superior and 
inferior grinding teeth; four ridge-crests 
only. 

3. Rostrum of lower jaw relatively 
elongated, without lower incisive tusks. 

4. Cranium ancestral. _ Preorbital 
region probably elongated, corresponding 
with the elongated mandibular rostrum. 

8. As shown below (Sce. III, pp. 602—- 
606), Barbour’s aged type specimen (Figs. 
567, 569-571) is quite distinet from Tri- 
lophodon, Tetralophodon, Serridentinus, 
Rhynchotherium, and Cordillerion. Its 
affinity to Cuvieronius and the Notoros- 
trines remains to be determined by 
further research. 

Nore, 1933: Since the above was writ- 
ten, the nearly complete type skeleton of 
Eubelodon morrilli has been mounted in 
the Nebraska Museum (Fig. 573), also a 
fine cranium (Fig. 574) has been discovered 
and briefly described by Frick (1933, p. 
598). Thus our knowledge of Hubelodon 
in comparison with Cuvieronius is now 
greatly extended. 

Trilophodonte, mais avec un talon assez développé pour présenter parfois une tendance vers 



trefoils, as indicated in the definition above. 

Group I 
Cordillerion = Mastodon andium group, 

with enamel band on tusks and elon- 

gated rostrum; single trefoils, molars 
narrow. 

Cordillerion andium Cuvier, Cordilleras, 
near Quito, Ecuador. 

Cordillerion tropicus Cope, State of 
_ Michoacan, Valley of Mexico. 
Cordillerion tarijensis Ameghino, Valley 
of Tarija, Bolivia. 

Cordillerion bolivianus Philippi, Ulloma, 
Bolivia. 

Cordillerion oligobunis Cope, Tequix- 
quiac, Mexico. 

Cordillerion gratum Hay, Pittbridge, 

Burleson County, Texas. 
Cordillerion edensis Osborn, Mt. Eden 
Hot Springs, southern California. 

Cordillerion oligobunis antiquissimus 
Freudenberg, Valley of Amajaque, 
Hidalgo, Mexico. 

 Cordillerion(?) oligobunis felicis Freu- 
denberg, Puebla, Mexico. 

— Cordillerion(?) oligobunis intermedius 
_ Freudenberg, Mexico. 
Cordillerion oligobunis progressus Freu- 

denberg, Cannada de Aculcingo, 

Mexico. 
Cordillerion orarius Hay, near Sinton, 

_ Texas. 
¢ ordillerion defloccatus Hay, near Sin- 

ton, Texas. 
Cordillerion  bensonensis Gidley, near 

Benson, Arizona. 
_ Cordillerion andium kraglievichii Berro, 
Uruguay. 

It now seems certain that Hubelodon morrilli belongs to Group II 
shoot of the Tetralophodon phylum as at first appeared, the characters of the 
jaw (Figs. 567, 569, 570) on the whole tending to place Eubelodon among the Humboldtin. 

species within the four South American genera; 
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Group II 
Cuvieronius = Mastodon humboldtii group, 

no enamel band on tusks, rostrum ab- 

breviated, double trefoils, molars broad. 

Cuvieronius humboldtii Cuvier (in Des- 

marest), Concepcion, Chile. 

Cuvieronius brasiliensis Lund (in Lesson), 

Brazil. 

Cuwwieronius platensis' Ameghino, Pampas, 
Province of Buenos Aires, Argentina. 

Cuvieronius superbus Ameghino, Province 

of Buenos Aires, Argentina. 

Cuvieronius bonaerensis Moreno, Arre- 

cifes, Argentina. 
Cwvieronius rectus' Ameghino, La Ensen- 

ada near La Plata, Province of Buenos 

Aires, Argentina. 

Cuvieronius maderianus Ameghino, Proy- 
ince of Buenos Aires, Argentina. 

Cwvieronius chilensis Philippi, near Lake 

Tagua-Tagua, Chile. 

Cuvieronius pirayuiensis Gez, Argentina. 

Cuvieronius ayore Spillmann, near Punin, 

Beuador. 
Cuvieronius postremus Spillmann, near 

Alangasi, Ecuador. 

Group III 

Eubelodon=Eubelodon morrilli group, no 

enamel band, rostrum elongated, double 

trefoils, molars broad. No inferior tusks. 

Eubelodon morrilli Barbour, Devil’s Gulch, 

Brown County, Nebraska. 

Eubelodon resembles Cuvieronius in the 

presence of only four complete crests 

on Ms; and of double trefoils, also in 

the absence of an enamel band. 

: \ According to the tabular arrangement of 

Ameghino (1889) and of Boule (1920), this species 

has single trefoils, not double. 
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, and can no longer be regarded as an off- 

superior tusks and of the type lower 

It is premature to attempt a phylogenetic rearrangement of the Mexican and North and South American 
but it is certain that these species do include four to five 

genera. Ameghino defined his species chiefly by the characters of the superior incisive tusks, leaving uncertain the 
characters of the grinding teeth in these species; Boule (1920) groups the species quite differently from the 
rouping by Osborn (1933) below. Osborn’s grouping is based principally upon the characters of the superior 

tusks, but also upon the abbreviation or elongation of the lower jaw, and upon the presence of single or double 
See also figure 498, and synopsis at the close of this chapter 

Tue Four to Five (1933) Nororostrine Generic Paya 

Group V 
Stegomastodon: Species ranging from 

Nebraska to Texas, described in Chapter 
XII as Brevirostrines, prove (1933) to be 
nearer the Humboldtines. 

Group IV 
Notiomastodon Cabrera, 1929, including 

the genotypie species Notiomastodon or- 
natus Cabrera, from the inferior Pampean, 
Monte Hermoso, Province of Buenos 
Aires, Argentina. Superior tusks up- 
turned [or downturned] with broad lateral 
enamel band, rostrum of medium length, 
molars narrow with double trefoils. 

Notiomastodon argentinus Ameghino, 
Valley of Tarija, Argentina. 

Nore: The two species of this group, 
namely, the type species Notiomastodon 
ornatus Cabrera, 1929, and M. | = Notio- 
mastodon| argentinus Ameghino, 1888, are 
represented by both authors as — 
upturned tusks exhibiting a broad e 
enamel band. While no associated por- 
tions of the maxille have thus far been 
reported, this seems to be a ly 
impossible position, because all the known 
mastodont superior tusks with enamel 
band, e.g., T'rilophodon, Serridentinus, 
Rhynchotherium,  Tetralophodon,  ete., 
exhibit downturned enamel-banded tusks. 
Accordingly the restorations in the present 
Memoir exhibit downturned tusks. 
The generic and subfamily affinities of 

Notiomastodon are still a matter of con- 
jecture. Since members of the Rhyn- 
chorostrine, e.g., Rhynchotherium Uascalz, 
penetrated middle America as far south as 
the plateau of Mexico, it would appear 
possible that they migrated farther south- 
ward and that Notiomastedon may thus 
prove to be related to the Rhynchoros- 
trine. Finally, in the Appendix to the 
present Volume I, made the type of the 
Notiomastodontine, of the Serridentide 
fam. nov. 



SuPERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILY: BUNOMASTODONTID.® Osborn, 1921 (syn. GOMPHOTHERIID® Cabrera, 1929) 

SuspramMity: NOTOROSTRINAE? Osborn, 1921 

Original reference: Bull. Geol. Soc. Amer., 1921, Vol. XXXII, pp. 330, 331 (Osborn, 1921.526). 
Synonyms in part: Cuvieroniinae Cabrera, 1929, p. 76, based on ‘M.’ andium group; Anancinae Cabrera, 1929, p. 76, based on 

‘M.’ humboldtii group. 

SuBFAMILY CHARACTERS.—(1) Cranium elephantoid, more elevated (Cuvieronius); mastodontoid, 
more depressed (Cordillerion). (2) Rostrum of jaw abbreviated and somewhat downturned (Cwvier- 

onius); less abbreviated and more horizontal (Cordillerion). (3) Jaws broad, deep, and abbreviated 

(brevirostral). (4) Superior incisive tusks straight or upturned, without enamel band (Cwvierontus) ; 
spiral or horizontal, with broad enamel band (Cordillerion). (5) Inferior incisive tusks entirely wanting 
in adult stages, probably present in juvenile stages. (6) Grinding teeth persistently brachyodont with 
single trefoils (Cordillerion), with double trefoils (Cuvieronius). In respect to trefoil structure, Cordil- 
lerion is parallel with Trilophodon, e.g., trefoils single above and below in M 3, with 4 to 4% to 5% ridge- 
crests; Cuvieronius is parallel with Tetralophodon, e.g., trefoils double above and below in M 3, with 5 to 
5% ridge-crests. (7) Intermediate grinders with a tendency to tetralophodonty in M*-M, (Cordillerion) ; 
otherwise trilophodont in M'-M,, M?-M, (Cordillerion and Cuvieronius). In final phyletic stages the 
grinding-tooth action concentrated on second and third superior and inferior molars (Figs. 495, 497). (8) 
Superior incisive tusks actively functional, as in the Brevirostrine; inferior incisive tusks wanting 
or functionless, in contrast to the Rhynchorostrine and the phylum Trilophodon of the Longirostrine. 
(9) Undoubtedly of Old World ancestry, but, with the exception of the doubtful Nebraska EHubelodon 
morrilli, thus far known only in California, Texas, Arizona, Mexico, and South America. 

Osborn, 1933: This subfamily of short-jawed bunomastodonts is monophyletic, as seen in the clear separation 

of the numerous characters of the Cordillerion andium phylum from the Cuvieronius humboldtii phylum. Only five 

bunomastodonts which can be regarded as related to Cordillerion andium have thus far been discovered in North 

America, namely, the Cordillerion gratum, C. orarius, and C. defloccatus Hay, all of Texas, the C. bensonensis 

Gidley of Arizona, and the C. edensis Osborn of California, and five new species and subspecies from Mexico 

described by Cope and Freudenberg. There are considerable grounds for the supposition that the Hubelodon 

morrilli of Barbour, discovered in Nebraska in 1913, may be ancestral to Cuvieronius humboldtit. 

Osborn, 1934: The Notorostrinae are now subdivided into three subfamilies namely, (1) Subfam. Nororos- 

TRIN (restricted to Cordillerion andium group), (2) Subfam. NoriomastopontTIn 2! (Notiomastodon ornatus), (3) 

Subfam. Humpouptinas (restricted to Cuvieronius humboldtii group, including EHubelodon morrilli and Stego- 

mastodon), fully defined in the Appendix at the close of the present Volume I. 

WL Zi 

Fig. 502. Corpttnerion anpium (Lerr) 1n Compartson with CuvimrRonius suPrERBUS (RIGHT) 
RESTORED UNDER THE DIRECTION OF Henry I'arrrieLD OsporN BY MArGret FLINsca (1933), ONE-FIFTIETH NATURAL SIZE 

'See introductory note on page 515 of the present chapter. 



3. SYSTEMATIC REVISION OF THE GENUS CORDILLERION AND ITS INCLUDED SPECIES 

UP TO THE YEAR 1927 

FAMILY: BUNOMASTODONTID® Osborn, 1921 

SuBFAMILY: NororostrRIn#% Osborn, 1921 

Genus: CORDILLERION Osborn, 1926 

Original reference: Amer. Mus. Novitates, No. 238, p. 15 (Osborn, 1926.706). 

Genotypic species: Mastodonte des Cordiliéres Cuvier, 1806 = Mastodon andium Cuvier, 1824. 

Synonym in part=Dzbelodon Cope, 1884; Teleobunomastodon Revilliod, 1931, genotypic species Mastodon bolivianus Philippi, 

1893. Compare Mastotheriwm hyodon Fischer de Waldheim, 1814. 

GENERIC CHARACTERS.—(1) Superior tusks with a broad enamel band which is wound more or less 
spirally around the elongated tusk; (2) no inferior tusks; (3) grinding teeth narrow with sharply defined 
single trefoils on the internal side of the superior molars and on the external side of the inferior molars as in 
other bunomastodonts with single trefoils; (4) third superior and inferior grinding teeth moderately 
elongate, ridge-crest formula, M 3 ;=-4%;;; (5) intermediate molars typically three crested (trilopho- 
dont), or four crested (subtetralophodont); (6) superior and inferior molars invariably brachyodont, 
never hypsodont; (7) cranium depressed, as in Trilophodon; (8) adaptation chiefly to a mountain 
habitat, grinders adapted principally to a browsing habit, tusks used in the uprooting of plants for 
food; (9) frequent in high Cordilleran region, rare in Pampean region of Argentina; (10) central con- 
ules more or less conspicuous. 

This generic name replaces the preoccupied name Dibelodon as used by Cope and Lull to embrace the two 

species Mastodon andium and M. humboldtii. Cordillerion refers only to species possessing the above characters 

in common. 

These generic characters are more or less clearly displayed in the type specimens of the following thirteen 

species: 

SoutH AMERICA Mexico TeExXAs, CALIFORNIA, AND ARIZONA 

Cordillerion andium Cuvier, 1824 Cordillerion tropicus Cope, 1884 Cordillerion gratum Hay, 1917 

a: bolivianus Philippi, ss oligobunis Cope, 1893 a (Dibelodon) edensis Osborn, 1922 

1893 a antiquissimus Freudenberg, 1922 “3 orarius Hay, 1926 

% ok felicis Freudenberg, 1922 as defloccatus Hay, 1926 

- , intermedius Freudenberg, 1922 " bensonensis Gidley, 1926 

£ a progressus Freudenberg, 1922 

otra x 

Fig. 503. THe ANDEAN MASTODONT OF THE CorpILLeRAs (CORDILLERION ANDIUM) 

oF Henry FAIRFIELD OSBORN BY Marorer Furnscu (1933), ONE-FIFTIETH NATURAL SIZB. 

Two Maes 

Compare Fra. 484.) 
RESTORED UNDER THE DIRECTION 

543 



544 OSBORN: THE PROBOSCIDEA 

BurMeIster, 1889.—Burmeister in his Memoir of 1889 describes and compares at great length (pp. 32-50) 

the remarkable collection in the Museo Nacional, which at the time included three more or less well-preserved 

lower jaws of M. [=Cuvieronius] humboldtii and seven individuals of M. [=Cordillerion] andium in different 

stages of development. As to the locality of these specimens, Burmeister (op. cit., p. 33) observes: 

Wir besitzen im hiesigen Museo Nacional zahlreiche Reste von beiden Arten, welche auch in der Provinz von Buenos 

Aires neben einander lebten und mittelst dieser Fundstiicke ihre Verschiedenheit entscheidend darthun. Es geniigt, die voll- 

stiindigen Unterkiefer beider in unserer Sammlung neben einander zu stellen, um Jedermann von ihrer specifischen Differenz zu 

iiberzeugen. Von M. Humboldtii liegen mir ausserdem noch drei mehr oder weniger guterhaltene Unterkiefer vor; von M. 

Antium [Footnote: ‘Ich ziehe diese Form vor, weil mir Antium dem Genius der lateinischen Sprache angemessener erscheint.’] 

sogar sieben in sehr verschiedenen Altersstufen, vom eben geborenen bis zum ausgewachsenen Thiere. 

CoRDILLERION (UPPER ROWS) AND CUVIERONIUS (LOWER ROW) 

GRINDING TEETH 

After Gervais. All reduced to the same one-fourth scale 

+ Fig. 504. Grinding teeth of Cordillerion (4-8) and of Cuv- 

ieronius (9, 10), after Gervais, 1855. One-fourth natural size. 

Originals probably in the Muséum d’Histoire Naturelle, Paris. 

Two upper rows: Referred inferior grinding teeth of Masto- 

don [=Cordillerton| andium, with single trefoils. From Tarija, 

Bolivia. After Gervais, 1855, Pl. v, figs. 4-8ine. Nos. 4, 4a, 5, 

6, and 8 are inferior molars of Cordillerion andium. No. 7 is a 

superior (?) molar with double trefoils. 

Lower row: Referred superior (9) and inferior (10) grinding 

teeth of Mastodon [=Cuvieronius] hwmboldtit, with double tre- 

foils. From Buenos Aires and Santa Fé de Bogota. After 

Gervais, 1855, Pl. v, figs. 9 and 10. No. 9 is a right third 

superior molar, r.M°, of Cuvieronius (?) platensis with 5+ ridge- 

crests; No. 10 is a third right inferior molar, r.M3,of the same 

species with 5+ ridge-crests. 

Lower row: Figures 9 and 10, referred by Gervais to 

Cuvieronius humboldtii, exhibit 5! ridge-crests, corresponding 

accordingly with the third inferior (10) and third superior (9) 

grinders referred to C. platensis Amegh. (Cf. Fig. 560 of the 

present Memoir.) 

Tuirp Mouar Proportions IN RHYNCHOTHERIUM, CORDILLERION, CUVIERONIUS, AND EUBELODON 

Both Cordillerion and Rhynchotherium occur in Mexico, and Serridentinus has been found as far south as 

Guatemala. The attention of the reader is directed above in this Memoir (p. 483) to the table showing the com- 

parative proportions of Rhynchotherium and Serridentinus grinders, in which it is demonstrated that the 

third inferior grinding teeth, M;, are substantially equal in relative breadth and length, the maximum breadth- 

length index of M, being 55 and 47 respectively; also to the proportions of the Rhynchotherium and Cordillerion 

grinders, on page 533 of the present chapter. 

In the accompanying table (p. 545) it is shown that the inferior grinders of Cordillerion are relatively narrower 

than those of Rhynchotherium; in fact, we may usually distinguish the third superior and inferior grinders 

of Cordillerion by their relatively narrow and uniformly oblong shape; the same is true of some species of 

Cuvieronius, as clearly shown in figure 504; as a rule the Cuvieronius grinders are larger than those of Cordillerion 
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CRANIUM OF CORDILLERION ANDIUM, AFTER BURMEISTER 

Fig. 505. Cranium of Cordillerion andium, after Burmeister (Mastodon antium), 1889: Pl. ux, fig. 1, anterior view; PI. x, fig. 1, left 

lateral view, direct from lithographic figure. About one-tenth natural size. 

CoMPARATIVE BREADTH-LENGTH INpDICES OF THIRD INFERIOR Mowar, M; 

ap. tr. L 

Rhynchotherium browni, type, broad grinders, 176-180 96 53-55 

Rhynchotherium falconeri type, broad grinders, 168-173 80 46-48 

Rhynchotherium [= Blickotherium] euhypodon type, narrow grinders, 182 78 43 

Cordillerion tropicus Cope, after von Meyer, 1867, narrow grinders, 188 82 44 

Cordillerion andium Cuvier, after Gervais, 1855, narrow grinders, 195e 78 40 

Cuvieronius humboldtii Cuvier [=C. (?)platensis], after Gervais, 1855, broader grinders, 225e 105 47e 

Eubelodon morrilli Barbour, 1914, broader grinders, 202 90 45 

From the above comparative measurements of the third inferior grinding teeth in Rhynchotherium, Cordil- 

lerion, and Cuvieronius, it appears that the type inferior grinders of R. [Blickotherium| euhypodon also are 

relatively narrow and long, the breadth-length index being 43, the same index as prevails in the species of 

Cordillerion. 

Tusxs.—That the similarity in grinding tooth structure of the Longirostrines and Notorostrines is a case of 

parallelism rather than of congeneric affinity is shown by the contrast in the tusks or incisive teeth: 
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Trilophodon and Tetralophodon superior incisors: Sharply downturned, with enamel band. 

Trilophodon and Tetralophodon inferior incisors: Horizontal, elongated, well developed, without enamel band. 

Cuvieronius and Cordillerion superior incisors: Upturned, without enamel band (Cuvieronius); downcurved and spiral, 

with broad enamel band (Cordillerion). No inferior tusks. 

ADAPTATIONS OF TUSKS AND SKULL 

The structure of the tusks and skull is superbly shown in a specimen in the National Museum of Buenos 

Aires, as figured by Burmeister (1889) and reproduced in our figure 505. 

CRANIAL SrruCTURE.—The admirable comparative figures of the cranium of Elephas, of Mastodon | = Cuvier- 

onius| humboldtii, and of M. |=Cordillerion| andium, reproduced above (Fig. 495) from Boule’s Memoir of 

1920, display in a most convincing manner the profound structural and phylogenetic differences between the 

erania of Cuvieronius and Cordillerion. While the 

Cuvieronius skull converges toward that of Hlephas 

and of Mastodon americanus, the Cordillerion skull 

retains the relatively low, simple character of the 

primitive Trilophodonts. We may be sure that the 

favorite plant foods and the feeding habits of Cuvier- 

onius differed*as widely from those of Cordillerion as 

do the crania from each other. 
MASropow AMBIUM _ 

oR RuigaT Fiero Nustur- 

CHICAGO.19>7 

It is probable that the upturned tusks of Cuvier- 
Fig. 506. Lateral and front views of skull of Mastodon | =Cordillerion] 

j : andium in the Field Museum of Natural History, Chicago. After pen sketch 

the true Mastodon for offensive and defensive pur- by Charles R. Knight, 1927. 

onius, lacking the enamel band, were used like those of 

poses and also to a certain extent in uprooting trees 

and pulling down limbs, like the tusks of Elephas and of Loxodonta; this less effective type of Cuvieronius tusk 

is correlated with a more complex type of grinding teeth and with double trefoils. On the other hand, the 

downeurved and spiral tusks of Cordillerion, with their broad persistent enamel band, were kept constantly 

sharpened and were continuously of use not only for purposes of offense and defense but as an auxiliary in 
feeding; this more effective type of Cordillerion tusk is correlated with a more simple type of grinding teeth and 
with single trefoils. 

W. D. Marruew, SepremBer, 1920; Srockyorm Musrum.—The two skulls from Tarija in the Stockholm 
Museum (deseribed and figured by Nordenskiéld in 1903) are the most perfect known, designated as male and 
female. The two animals are about the same age, M' lost on one side, still present on the other; M’ moderately 
worn; M* just coming into wear at the anterior end. The chief sexual difference is in the size of the skull and 
in the diameter of the tusks. The female tusks are shorter and more slender, and do not turn inward, but are 
about 27 inches apart throughout their distal half. The enamel band begins on the outer side of the tusk, twists 
around underneath, and ends on the inner side, partly above the tip of the tusk; in lateral view the tusks are 
almost straight, curving slightly upward at the tips; from above they are lyrate, about 18 inches apart at the 
base, 30 inches at two-fifths distance from the socket, 15 inches at the tip, where they turn and go parallel. The 
width of the enamel band is about 3 inches in the male, 24 inches in the female. The tip of the tusks is most worn 
on the lower surface and is evidently partly protected by the enamel band but not wholly. 

* 



SKULLS OF M, ANDIUM AND M. MORRILLI 
All figures one-twentieth nature! size 

Mw ANDIUM Ret 
Sa 

Nertenstiets, 1903, Tet . Fig t lee) 

M ANDIUM Ret 
Bowie, 1920, Pi. I, Figs. 2, 2¢ (rev! 

Falc., 1847, Pl. XLII, Fig. VI 

4 ANDIUM Ret 
ee 

‘ 

eeccoewooenaand 

M ANDIUM Ref, 
(FEMALE) 

Nordenskiold, 1903, Taf. |, Fig. 2 

Rn paareninen raener t 

@ ANOIUM Ret 
Fete, U6, PRL, Pig, Vi lees) 

ee M. ANDIUM Ref, \ 
Boule, 1920, PI. Il, Fig. 1 

M. ANDIUM Ret 
Foie, 1647, Pl. KXXV, Figen 3, 

1 ic 
' 
| 
i \ 
het 
ah wot 
a \ 

ott 

wy 
M MORRILL Tree 

wow 
hn 

ew Mee 
“ou _ 
we 

M ANDIUM Ref, M. MORRILL Type 

Boule, 1920, Pi, tll, Fig. 9 Barbour, 1913, Pi Ix 

Cranta or M. anpium [=CorprLuerrion], or M. numpoiota [=Cuvreronius}, AND or M. swonrniitt [= Bone ono!) 

. Skulls and jaws of the finely preserved specimens of Mastodon [ =Cordillerion| andium in the Museums of Stockholm and Paris and of Bubelodon 
e Nebraska Museum. Compare Falconer, 1846 [1847], Nordenskiéld (1903), and Boule (1920). The species C. andiwn is remarkable for the spiral 
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-hand cranium is referred to Cuvieronius humboldtit. 
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Among other specimens referred to Cordillerion andium, very young jaws exhibit a distinctly small pair of 

tusks in the male, but no tusks in the female. 

W. D. Marruew, SepTeMBeR, 1920; Bertin.—In the Berlin Museum (fiir Naturkunde) one of the jaws 

referred to Cordillerion andium is very large, equaling an M. americanus in size. There are no lower tusks; 

the upper tusks are straight, round, parallel with each other, and with the same spiral twist as those in the 

Stockholm skulls. 

W. D. Marruew, SepremBer, 1920; Paris, JARDIN pps PLantrEes.—Here are skulls referred to M. astodon 

humboldtii, all from the Pampean, and of Mastodon andium, the latter specimen with well-preserved feet; also 

many jaws and fragments showing a wide range of individual variation (auct. Boule). The C. andium material 

is all from the valley of Tarija in Bolivia. 

PROGRESSIVE CHARACTERS OF CORDILLERION 

In all, fifteen species of Cordillerion have been named, including the apparently undefined Mastodon tari- 

jensis of Ameghino, also the Anancus orarius and A. defloccatus of Hay and the Anancus bensonensis of Gidley 

which the present author has transferred to the genus Cordillerion. In time we shall doubtless be able to arrange 

these animals in approximate ascending phylogenetic order; at present this can only be done tentatively. 

Ripce Formuta.—The only progressive character thus far observed is in the crest addition at the posterior 

end of the second and third superior and inferior molars. The more primitive species apparently are those which 

possess but 4+ crests in Ms, corresponding with the four-crested condition in Trilophodon. The more progressive 

species are those in which 5+ crests are observed in the posterior molars, and an extra crest in M,. A second 

progressive character is the addition of a fourth crest to the second inferior molars, a stage attained in the genus 

Tetralophodon but not in Trilophodon. Arranging the species simply on the principle of progressive crest addition, 

they appear in descending order as follows: 

(A) Species with 5+ crests on the (B) Species with 4+ crests on the (C) Of uncertain reference. 
third inferior molars, Ms. 

Cordillerion bolivianus, Ulloma, 

Bolivia. 

Cordillerion tropicus of Mexico. 

Cordillerion oligobunis progressus, 

Canyon of Aculeingo, Mexico. 

Cordillerion orarius, near Sinton, 

Texas 

Cordillerion defloccatus, near Sinton, 

Texas. 

[Teleobunomastodon [| =Cordillerion] 

(?)bolivianus ref., Bolivia; M* with 

5-6 ridge-crests. ] 

third inferior molars, M3. 

Cordillerion andium, i.e., specimens 

from Tarija, Bolivia. 

Cordillerion tarijensis of Tarija; 

probably a synonym of C. andium. 

Cordillerion oligobunis of Mexico. 

Cordillerion(?) oligobunis  felicis, 

Puebla, Mexico. 

Cordillerion(?) oligobunis intermedius 
of Mexico. 

Cordillerion gratum, Burleson County, 
Texas. 

Cordillerion edensis, Mt. Eden Hot 
Springs, California. 

Cordillerion bensonensis, near Ben- 

son, Arizona. 

Cordillerion andium kraglievichit, de- 
scription and figures not available 

to present author. 

Cordillerion oligobunis antiquissimus, 

third molars inadequately described. 

Proportions OF Tutrp Morars.—In a careful comparison of the grinding teeth in the type and referred 
figures of the above species, it will be observed that following the usual law of molar evolution the third 
inferior molar is more progressive, that is, longer and narrower, invariably exhibiting a fourth full crest or tetar- 
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tolophid. The upper molar, M’, is invariably broader than its mate below, Mg. 
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If we compare the specific 

stage Cordillerion oligobunis (Fig. 514) with the type of C.(?) oligobunis felicis (Fig. 516) and finally with the Tarija 

specimens referable to C. andium (Fig. 504) or the doubtful C. tarijensis, we observe the amount of progression 

in the development of the tetartoloph and tetartolophid in M*-Ms, also in the addition of a tetartolophid in Mb». 

Consequently it is only a matter of time and of closer monographic research when we shall be able to arrange 

SOUTH AMERICAN SPECIES 

Cordillerion andium Cuvier, 1806, 1824 

Figures 79, 484, 486, 488, 495, 496, 498, 502-504, 508, 509, 528, 529 

Pleistocene. Found by von Humboldt near the voleano of Imbaburra, 
Quito, Ecuador, at an elevation of 1200 toises (=about 7,673 feet). 

Syn.: Mastodonte des Cordilizres Cuvier, 1806; Mastotherium hyodon 

Fischer, 1814; Mastodon cordillerarum Desmarest, 1822: Mastodon Andium 

Cuvier, 1824; Mastodon Antium Burmeister, 1889. A possible synonym is 

Mastodon tarijensis Ameghino, 1902. 

Typr or CorRDILLERION ANDIUM 

Fig. 508. Original type figure of “ Mastodonte 

des Cordilitres” Cuvier, 1806.3, Pl. 67 (1), fig. 1= 

Mastodon andium Cuvier, 1824. A second molar. 

About seven-tenths natural size. From near the vol- 

cano of Imbaburra, Quito, Ecuador. This type be- 

longs in the Muséum d’Histoire Naturelle, Paris, 

but could not be located for the writer during his 

visit of 1921; an r.M?. 

Cuvier’s type of the Mastodonte des Cordiliéres, reproduced in 

facsimile (Fig. 508) from Cuvier, 1806.3, Pl. 67 (1), fig. 1, and con- 

firmed by de Blainville, 1839-1864, p. 249, is recorded as from 

ear Quito, Ecuador, whereas his type of the Mastodonte humboldien 

from near Concepcion, Chile [?Ecuador]. Cuvier distinguished 

animal from the Petit mastodonte (= Turicius tapiroides), from 

the Mastodonte a dents étroites (=Trilophodon angustidens), and 

from the Mastodonte de V'Ohio (= Mastodon americanus). 

We may reproduce in full Cuvier’s original dese ription: 

“Mastodonte des Cordiliéres, la grande A dents carrées 

Cuvier, 1806.3, p. 413 (=M. cordillerarum Desm: urest, 1822, | p. 

385; =Mastodon Andium Cuvier, 1824, Vol. V, Pt. 2, p. 527). 

‘Referred in the present Memoir to Cuvieron ius (?)platensis. 

the species of Cordillerion in their approximately true phylogenetic order. 

“Sur Différentes Dents du Genre des Mastodontes,”’ 

d’Hist. Nat., 1806, Vol. VIII, p. 411-413. Type.—A second 

molar, r.M?. Horizon AnpD Locauiry.—Pleistocene. Near the 

voleano of Imbaburra, Quito, Ecuador, at an elevation of 1200 

toises (=about 7,673 feet). Tyre Ficure.—Cuvier, 1806.3, 

Pl. 67 (11), fig. 1; confirmed by de Blainville (1839-1864, p. 249). 

Type Description.—(Cuvier, 1806.3, p. 411): “Les plus 

grandes ont les mémes dimensions que leurs correspondantes de 

V’Ohio. M. de Humbold en a rapporté une qu'il a trouvée prés du 

volean d’ Imbaburra, au royaume de Quito, 4 1200 toises de hauteur. 

Elle est assez décomposée et encore enduite de cendres voleaniques. 
Son émail est teint en roussftre; elle est longue de 0,12, et large de 

0,085. Voyez pl. 1 [67], fig. 1.” 

Dre BLAINVILLE, 1839-1864, Pp. 249.—‘‘Cette a été 

proposée, pour la premiére fois, par M. G. Cuvier, en 1806, dans 
son mémoire sur différentes dents de Mastodontes. Ann. du Mus., 

tome VIII, p. 411, et dans les mémoires réunis tome I, p. 11 [tome 

II, 1812, p. 11], et enfin dans la seconde édition de ses Recherches 

sur les Ossements fossiles de Quadrupédes (tome I, p. 266, 1821 A 

Ann. Mus. 

espéce 

1825). Elle ne reposait et ne repose encore que sur un petit 

nombre de piéces, trois dents molaires. (Loc. cit., pl. 2, fig. 1 et 

fig. 12.)” 
SincLe Trerorts.—As narrated in the history of discovery 

above, Cuvier’s definition of this animal as possessing molar teeth 

with single trefoils, confirmed by de Blainville, is sharply demon- 

strated in the type specimen (Fig. 508) and is further abundantly 
confirmed in two other teeth referred by Cuvier to this species; 
also in the superb teeth collected in Tarija, Bolivia, figured by 

Gervais in 1855 and reproduced in facsimile in our figure 504. The 
same figure shows the very sharp contrast with corresponding 

teeth of Cuvieronius humboldtii, also after figures by Gervais, 1855. 

In all the figures referred in this Memoir to the genus Cordillerion, 

the single trefoils are very sharply defined and there is seldom a 

rudiment of the double trefoils. 

SxuLu.—The cranial characters displayed in the above collec- 

tive figure (Fig. 507), reduced to the same scale from the plates of 

Falconer (1846, 1847), Nordenskidld (1903), and Boule (1920), 

are very uniform, except that the M. andium of Falconer (1847) 

exhibits an abbreviated jaw. The best profile of the cranium and 

jaw is that of Boule (1920, PI. 1, fig. 1) showing the depressed char- 

acter of the occiput and the elongated character of the rostrum. 

It will be observed that the typical rostrum as figured by Boule 

consists of an elongated trough — to the rostrum figured by 

Falconer (1847, Pl. xxxv, figs. 3, 3a). This elongated rostrum 

appears also in the jaw figured by Dotiel (1842) reproduced in 

our figure 509, as well as in the jaw figured by Pompeckj (1905) and 

referred by him to the iostadin bolivianus of Philippi, reproduced 
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in our figure 512. Thus these various specimens agree in the elon- 

gate character of the rostrum with typical median groove, exactly 

comparable to the rostrum shown in the type figure of Mastodon 

bolivianus Philippi, reproduced in our figure 547. 

Tusks AND GRINDERS. CORDILLERION ANDIUM.—Gervais 

(1855), from the Weddell collection of Tarija, calculates the length 

of two tusks, one approaching 2 m. (=6 ft., 6% in.), the other 

surpassing 2m. 20 em. (=7 ft., 2% in.). Of the size of the third 

Fig. 509. 
natural size. 

Referred jaw of Cordillerion andium, one-ninth 

After D’Orbigny, 1842, Pl. x, figs. 1, 2. Original 
from Tarija, Bolivia. The specimen is probably in the Muséum 

d'Histoire Naturelle, Paris, but could not be located for the 

writer during his visit of 1921. The teeth in place are apparently 
Mi, Mb, both trilophodont with single trefoils, thus agreeing with 

the type of Mastodon andium figured above. This figure was re- 

produced by Philippi (Fig. 547,1) in his description (1893) of 
M. bolivianus. 

inferior grinding teeth, reproduced from Gervais, 1855, Pl. v, 

figs, 7, 8 (our Fig. 504 above), he remarks (op. cit., p. 21): “‘e. La 

sixiéme molaire inférieure (fig. 7 et 8) a quatre fortes collines 

transversales, multimamelonnées, et en arriére un fort talon com- 

posé de deux ou de plusieurs petits tubercules; . . . La couronne 

de la sixiéme molaire inférieure présente habituellement une plus 

forte couche de cément que celle des autres dents. ... La 
longueur de cette dent varie, suivant les sujets, entre 0,16 et 0,19. 
Cette longueur diminue comme pour les autres molaires, lorsque le 
bord antérieur a été entamé par l’usure.” He refers to this animal 
as “‘Mastodonte des Andes.” 

ABSENCE OF Speciric DistincTIoNns.—It is impossible without 
detailed monographie comparison of the types to determine the 
degree of separation from Cordillerion andium of the species sub- 
sequently described. Consequently we give in brief the defini- 
tions by Ameghino and by Philippi and quote in full also the 
comments by Boule 
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Notiomastodon argentinus Ameghino, 1888 

Figures 491, 510, 531, 557, and 581a 

Pliocene. Valley of Tarija River, northern part of Republic of Argentina; 
exact locality not recorded. 

Osborn (1933) refers this type (see p. 592) to the genus Notio- 

mastodon Cabrera, 1929; (1934) to the subfamily Serridentine (see 

p. 615 below); (1935) to the Notiomastodontine subfam. nov. 
(see Appendix to present Vol. I). 

This species was found in a river valley of Argentina which 

heads up into the mountains of Bolivia and in the famous locality 
repeatedly explored on the Tarija River. Boule (1920, p. 68) 
regards Mastodon argentinus as an ancestral form of Mastodon 
andium Cuvier: “Le M. argentinus rappelant assez les Masto- 

dontes miocénes d’Europe par la forme et la longue bande d’émail 

Defensa de Mastodon argentinus }/,) del tamanio natural 

Type oF NoTIOMASTODON ARGENTINUS 
Fig. 510. Type superior tusk of Mastodon argentinus Ameghino, 1888, with 

broad enamel band. After Ameghino, 1889, p. 644, one-tenth natural size. 

This tusk may be inverted (cf. Figs. 489-492, p. 520, of the present Memoir). 

de ses défenses, on pourrait supposer qu’il représente une forme 

ancestrale du M. andiwm. Mais l’age exact de son gisement est 

inconnu.” The perfectly straight lateral enamel band of ‘Mastodon’ 

argentinus clearly distinguishes this species from Cordillerion 

andium which is characterized by a spiral enamel band. Philippi 

observes (1893) that M. argentinus is distinguished by thin, almost 

straight incisive tusks; he does not mention the enamel band. 

Ameghino’s original description may be cited as follows: 

Mastodon argentinus Ameghino. Rapidas Diagnosis, 1888, 

Dae Typr.—Superior tusk; present location unknown. 

Horizon anp Locatiry.—‘‘Salta y valle de Tarija.”” Exact local- 
ity unrecorded. Tyre Ficure.—Ameghino, 1889, p. 644 

(text figure); also supplementary description. 

Typr Derscription.—(Ameghino, 1888, p. 7): “Muelas 

sobre el mismo tipo que las de Mastodon andium, pero la talla del 

animal dos quintos mas pequefa.—Axis de 180 mm. de diaémetro 

transverso, en la cara anterior, y 255 mm. de largo de la apdfisis 

espinosa 4 la parte inferior del cuerpo.—F émur delgado, de 60 etm. 
de largo.—Cubito de 50 ctm. de largo.—Htmero de 59 ctm. de 

largo, 21 etm. de didmetro m4ximo en la extremidad proximal, y 

16 ctm. de ancho en la distal.—Procedencia: Salta y valle de 

Tarija.”’ 

Cordillerion tarijensis Ameghino, 1902 

Valley of Tarija, Bolivia. 

This mastodont of Tarija appears to be a name only; neither 

original description nor figure is known to us at present. The 

specific name farijensis is probably a synonym of Cordillerion 

andium. 

Mastodon tarijensis Ameghino, 1902. ‘‘Cuadro Sindéptico 

de las Formaciones sedimentarias, Terciarias y Cretéceas de la 

Argentina en relacién con el Desarrollo y Descendencia de los 
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Mamfferos.” 

Ser. III, p. 2. 

AMEGHINO, 1902.2, ep. 2.—‘“‘Formaci6n Araucana. Puelche. 

Arenas subpampeanas de la regién bonaerense, depdsitos inferiores 
de Tarija, etc., con Mastodon tarijensis, Nopachtus coagmentatus, 
Sclerocalyptus cordubensis, ete.”’ 

PompeckJ, 1905.—Pompeckj in his article “‘ Mastodon-Reste 

aus dem interandinen Hochland von Bolivia,’ Palaeontographica, 
1905, Band LII, p. 52, remarks as follows: 

“Nach dem Erhaltungszustande der Fossilien und nach der 
Zusammensetzung der Fauna nimmt Ameghino an, dass in 

Tarija zwei verschiedene Horizonte seines Pliociin vertreten seien, 
das ‘Ensenadense’ und ‘Bonaerense.’ An anderer Steile 
setzt Ameghino seine untere Schicht von Tarija mit Mastodon 

tarijensis (doch wohl= Mast. Andium) in das ‘Puelche,’ d. h. in 

sein allerunterstes Pliociin. Nordenskjéld konnte trotz lokal ver- 

schiedener Beteiligung einzelner Arten an der Zusammensetzung 

der Fauna von Tarija keine Trennung nach verschiedenen Hori- 
zonten feststellen; . . . er nennt die Fauna pleistocin. . . . 

stimmt iiberein mit dem Ergebnis der Studien Brancos . liber 

die der tarijenser Fauna gleichkommende Siugerfauna von 

Ecuador, welche beiden Faunen eher pleistociin als pliociin sind. 
Steinmann halt die Fauna von Tarija und die von Ulloma fiir 
‘unserem Mittelquartiir (dlterer Loss’) entsprechend.” 

Osborn, 1926: This species is probably a synonym of, or 
closely related to, Cordillerion andium. The name M. tarijensis 

occurs in Ameghino’s Synopsis of 1902 and is cited by Pompeckj 
in 1905; Osborn is unable to find either the original description or 
figure of this species, consequently for the present the name only 

is cited. 

An. Mus. Nac. de Buenos Aires, Tome I [VIII], 

Das 

Cordillerion bolivianus Philippi, 1893 

Figures 512 and 547 

Ulloma, Bolivia, 3,800 m. above the sea, nine leagues to the south of the 

famous copper works of Corocoro. Pleistocene. 

Mastodon bolivianus Philippi, 1893. ‘‘ Vorliufige Nachricht 

iiber fossile Saiugethierknochen von Ulloma, Bolivia.”  Zeits. 

Deuts. geol. Ges., Band XLV, 1893, p. 89. Typr.—Lower 

jaw. Horizon anv Locauiry. Ulloma, Bolivia, 3,800 m. 

above the sea, nine leagues to the south of the famous copper works 

of Corocoro. Tyre Ficure.—QOp. cit., p. 89, fig. 2. (Fig. 

547, 2, of the present Memoir.) 

The imperfect and juvenile type jaw of Mastodon bolivianus 

Philippi (Fig. 547, 2) may belong to the genus Cordillerion, but the 

adult lower jaw referred to this species by Pompeckj in 1905 (Fig. 

512) exhibits one of the distinctive characters of Cuvieronius hum- 

boldtii, namely, in the possession of five and a half ridge-crests in 

the third inferior molars. Consequently the generic reference of 

this species is somewhat uncertain. In comparing Ms (Fig. 512) 

with M; (Fig. 504), it is difficult to make out whether these teeth 

possess single or double trefoils; single trefoils would relate it to 

Cordillerion. The species ‘Mastodon’ bolivianus is distinguished by 

Philippi from ‘Mastodon’ andium, as shown in figure 547, figs. 1-3, 

reproduced directly after Philippi. Figure 1 is considered by 

Philippi as the long delicate rostrum of the lower jaw characteristic 

of M. andium, while figure 2 is regarded as the relatively broad 

rostrum characteristic of the new species M. bolivianus. Careful 

examination of Philippi’s text does not reveal more than this type 

figure (Fig. 547, 2) with name, whereas in the same article ‘M.’ 

chilensis is fully described, as cited below under the genus 
Cuvieronius. 

ASSOCIATED Fauna (PHILippt, 1893, pp. 87-94).—Its associated 

remains include Hippidion bolivianum sp. nov., Megatherium 

Medinz, and Megatherium Sundti, an edentate related to the 

Scelidotherium. Of the climatic environment and flora Philippi 

CorpILLerion (?) pouivianus Rer. Fig. 511. 

xenotype third left superior molar, 1.M*, of T'eleobunomastodon bolivianus 

Revilliod, 1931, in the Mus¢um d'Histoire naturelle de Genéve (Mus. Genéve 

817/74). After Revilliod, 1931, fig. 3, p. 9; “Sixiéme molaire supérieure 

gauche, face externe de Mastodon bolivianus (Muséum de Genéve); 1, 2, 3, 4, 

pointes externes des quatre lobes antérieurs; 5 et t, talon. Red. }s.” One-half 

Five and a half ridge-crests, surrounded at the base with cement 

Reversed to show natural position. 

natural size. 

observes (op. cit., 1893, p. 95): “‘Vielleicht kann man annehmen, 

dass zwar bereits zu Anfang der Diluvialzeit Héhen, Berge und 

Riicken existirten, von denen das ungeheure Material der Pampas- 

formation herabgeschwemmt und herabgeweht worden ist, dass 

aber diese Erhebungen zu unbedeutend waren, um einen grossen 

Finfluss auf das Klima auszuiiben, so dass die grossen Megatherien, 

Mastodonten ete. eine reiche, fiir ihre Ernihrung geeignete Vege- 

tation fanden, dass aber dann eine grosse Katastrophe eingetreten 

ist, welche die gedachten Berge zu ihrer jetzigen Hohe erhoben, 

und zugleich dem derzeitigen organischen Leben ein Ende gemacht 

hat, um der jetzigen Schépfung Platz zu machen.” 

Cumatic ConpitTions (Pompecks, PALAEBONTOGR., 1905, P. 

54).—Pompeckj observes that the climatic conditions in the 

highlands of Bolivia were very different in ‘M.’ bolivianus 

times from the present; the rainfall was greater. On the west 

side of the Cordillera the glaciers descended 1,000 m. deeper 

than today (circa 5,300 m.) In the western portion of the high- 

lands flat basin-like depressions were filled with layers shed by 

numerous streams and rivers, perhaps also through wolian agencies. 

The referred jaw figured by Pompeckj, from Ulloma, shows a five- 

crested M; in situ, and a relatively abbreviated symphysis as 

compared with the figure of a young jaw, with Ms, My in situ, 

given by Philippi. 

Bou .e, 1920, p.68.—‘ Mastodon bolivianus, d’Ulloma (Bolivie), 

décrit sommairement par Philippi et plus longuement par Pom- 

peckj, est caractérisé surtout par la largeur, la briéveté, la courbure 

brusque de la gouttiére symphysaire, la présence de traces de 

petites alvéoles divergentes pour les défenses inférieures, existence 
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de saillies en forme de lévres A la face inférieure de la symphyse et 

d’une légére apophyse pour le génioglosse 4 la face interne. Ce 

sont ld en partie des différences individuelles, en partie des car- 

acteres sexuels. Le M. bolivianus est vraisemblablement un male 

de M. undium; tout au plus pourrait-on admettre, en raison de sa 

grande taille et de l’altitude considérable de son gisement (3,800 

m.), qu’il s’agit d’une race locale. . . . ’ 

Osborn, 1926: The presence of five and a half ridge-crests on 

the third lower molar of the referred jaw (Fig. 512, after Pompeck}) 

indicates a more progressive third inferior molar stage than that 

of the specimen from Tarija figured by Gervais (Fig. 504,8). 

Boule is undoubtedly right (1920, p. 68) in saying that M. [=Cordil- 

lerion] bolivianus probably represents a broad-jawed male individual 

of large size, perhaps adapted to lofty altitudes. 

CoRDILLERION BOLIVIANUS REF. 
Fig. 512. Referred lower jaw of Mastodon bolivianus Philippi, 1893, one-third natural 

size. After Pompeckj, 1905, Pl. 111, fig. la. Observe the five and a half ridge-crests, apparently 

with single trefoils, on 1.M3. 

of Cordillerion tropicus Cope (Fig. 513). 

TELEOBUNOMASTODON(?) REVILLIOD, 1931, BOLIVIANUS 

=CORDILLERION(?) BOLIVIANUS REF. 

Figure 511 

Exact locality not known, but probably from the vicinity of Calacoto, 

valley of the Rio Desaguadero, Bolivia, 5 km. south of Corocoro, or from Con- 

cordia, northeast of the mouth of the Mauri River. 

Teleobunomastodon Revilliod, 1931, bolivianus Philippi, 1893. 

Xevilliod, “Sur un Mastodon de Bolivie,’ Mém. Soc. Paléont. 

Suisse, Vol. LI, pp. 1-21, Pls. 1, m1, text figs. 1-9. Typr.— 

Cranium, mandible, and various skeletal parts, in the Muséum 

d’Histoire naturelle de Genéve (Mus. de Genéve 817/74). Hort- 

ZON AND Locauity.—From the Quaternary terraces along the 

These 5+ ridge-crested molars closely resemble in size those 

PROBOSCIDEA 

river Desaguadero on the high plateau of Bolivia. 

uRE.—Op. cit., Pls. 1, m, and text figure 3 especially. 

Revilliod (1931, pp. 20, 21) selects Mastodon bolivianus 

Philippi as the genotypic species of his new genus Teleobunomasto- 

don, resting it on “une forme terminale d’un des nombreux phylums 
de Mastodontes . . . le proboscidien du Rio Desaguadero serait le 

dernier terme des Mastodontes bunolophodontes 4 tréfle simple 
et A bande d’émail sur les défenses supérieures. Nous proposons 
la dénomination générique de Teleobunomastodon.” 

(Letter, Revilliod, Jan. 6, 1932) Revilliod amplifies his defini- 

tion as follows: ‘‘Le nom de genre Teleobunomastodon se rapporte 

A cette espéce nommée bolivianus par Philippi dont l’esquisse a 

montré qu’elle se distinguait du M. andiwm par le bee de la 

mandibule, plus court, plus large et a bords paralléles. Il se trouve 

done dans les alluvions du Rio Desaguadero aux 

environs d’Ulloma, une seule et méme espéce dont 

Philippi a montré le caractére le plus typique de la 

mandibule. . . . Le Teleobunomastodon bolivianus 

est un mastodon 4 bande d’émail sur les défenses, 
dont les M* et Mz sont caractérisées par leur long 
talon, l’usure en tréfle simple, les collines trés 

hautes et serrées. Le Teleobunomastodon est un 

genre trés évolué dans le sens proboscidien, 4 carac- 

téres extrémes: redressement de la base du crane, 
raccourcissement de la mandibule, aplatissement de 

la défense.”’ 

Osborn (1933!) regrets that the generic name T'eleo- 

bunomastodon Revilliod, 1931, cannot be adopted, 

because the definition rests upon a referred speci- 

men in the Muséum de Genéve which differs widely 

from Philippi’s type (Fig. 547, 2). In this referred 

specimen the third superior molar (Fig. 511), with 

cement and lofty subhypsodont 51) ridge-crests, re- 

sembles the corresponding tooth (r. M*) of Cuviero- 

nius platensis (Fig. 560) figured by Cabrera, and is 

quite different from the typically low-crowned third 

superior molar of Cordillerion; we are inclined to 

regard it (1) with enamel band, (2) with single 

trefoils, (3) with lofty cones and cement (ef. Revil- 

liod, 1931, p. 20) as distinct from bolivianus, and as 
more progressive than Cordillerion(?) oligobunis feli- 

cis Freudenberg described below. 

Of the skull, jaw, and molar tooth fragments (Mus. 

de Genéve 817/74) the most characteristic is a third 

superior molar, |.M® (Pl. 1, fig. 5, text fig. 3, p. 9) re- 

produced herewith as figure 511. The ramus (PI. 
ul, figs. 1-6) is widely different from the rostrum in Philippi’s 

type (Fig. 547, 2) and agrees more closely with the normal ‘M.’ 
andium mandible (Fig. 547, 1) than with that of ‘M.’ chilensis Fig. 

547, 4). 

Type Fic- 

MEXICAN SPECIES REFERRED TO CORDILLERION 

In the history of discovery (p. 533) is given a full account of 

the confused and almost baffling names applied to Notorostrines of 

Mexico, as described by Cope (1884, 1893), by Felix (1891), by 

Villada (1903), and by Freudenberg (1922). It is also pointed out 

that since only two bunomastodonts have been discovered in 
Mexico, namely, Rhynchotherium and Cordillerion, both genera 

['This was one of the questions that Professor Osborn intended to reconsider; he evidently doubted the reference of Revilliod’s “bolivianus” even to 
Cordillerion and hints that it may be a more progressive species than ‘Cordillerion(?) oligobunis felicis.”—Editor.]} 
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Type oF CoRDILLERION TROPICUS CopPR, AFTER VON MEyYER’s ‘Mastopon Humpoupri’ REF. 
Fig. 513. Right lower grinding teeth, Me, Mz, one-half natural size. Figured by von Meyer as Mastodon Humboldti (von Meyer, 1867, Pl. v1); selected by 

Cope (1884.2) as the type of the new species Dibelodon tropicus. 

Geological Institute of the University of Breslau with the Uhde collection. 
Collected by Uhde in the State of Michoacan, Valley of Mexico; original now in the 

This animal appears to be in a similar stage of evolution to that of the type 
of Cordillerion bolivianus Philippi (Fig. 547) and to the trilophodont type of Cordillerion andium. 

exhibiting single trefoils, it is only possible to distinguish Cordil- 
lerion by its relatively narrower grinding teeth and Rhynchotherium 

by its relatively broader grinding teeth, e.g., Rhynchotherium 

brown?, broader third inferior molar, Ms, breadth-length index 55, 

Cordillerion tropicus, narrower third inferior molar, Ms, breadth- 

length index, 44. In the case of the four subspecies described by 

Freudenberg below, it is somewhat difficult to determine whether 

they are all referable to Cordillerion; as compared with the upper 

and lower grinding teeth of C. andium from Tarija, Bolivia, it 
appears that these four Mexican subspecies represent a more 

primitive stage than either C. andium or C. tropicus. 

The Mexican species certainly referable to Cordillerion are: 

Cordillerion tropicus Cope, 1884 
Cordillerion oligobunis Cope, 1893 

The Mexican subspecies probably referable to Cordillerion are: 

Cordillerion oligobunis antiquissimus Freudenberg, 1922 
Cordillerion(?) oligobunis felicis Freudenberg, 1922 

Cordillerion(?) oligobunis intermedius Freudenberg, 1922 

Cordillerion oligobunis progressus Freudenberg, 1922 

Cordillerion tropicus Cope, ISS84 

Figure 513 

Pliocene or Pleistocene. State of Michoacan, Valley of Mexico. 

Hisrory.—In 1867 Herman von Meyer described (p. 64) and 

figured (Taf. v1) as ‘Mastodon Humboldti’ a right ramus of a jaw 

containing the second and third inferior molar teeth, collected in 

the State of Michoacan, Valley of Mexico: “Mastodon Humboldti 

Cuv.? In der Sammlung Mexicanischer Alterthiimer, welche Herr 

Uhde wihrend seines lingeren Aufenthaltes in Mexico bemiht 

war zusammenzubringen, und die er, aus Amerika zuriickgekehrt, 

in Handschuchsheim bei Heidelberg aufstellte, fand ich im Jahre 

1840, wo ich diese wichtige Sammlung kennen lernte, neben einigen 

anderen Versteinerungen die von mir Taf. vi. Fig. 1 von aussen 

und Fig. 2 von oben abgebildete rechte Unterkieferhalfte von einem 

ou ew 
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Mastodonten, welche im Mexicanischen Staate Mechoacan in 

einer Héhe von ungefihr 2500 Fuss tiber dem Meere gefunden 

wurde. Dieses Kiefers gedachte ich bereits in einer kurzen Ueber- 

sicht, die ich im Jahrbuche fiir Mineralogie (1840.8.576) von der 

Uhde’schen Sammlung gegeben habe.” 

Although these teeth (Fig. 513) with their single trefoils were 

obviously similar to those of ‘M.’ andium and not to those of ‘M.’ 

humboldtii, von Meyer referred them, with figure, to M. hum- 

boldtii (vide von Meyer, 1867, Pl. v1). In 1884 Cope (1884.2, p. 7) 

selected this very specimen and figured it as the type of a new 

species, Dibelodon tropicus. In 1892-1893, in the collection from 

the Upper Pliocene Blanco formation of Texas, Cope also found a 

well-preserved left mandibular ramus which he figured (1893.1, 

Pl. xv1, figs. 1, la, and Pl. xvm, fig. 1) and erroneously referred to 

Dibelodon tropicus; comparison with Cope’s type of D. tropicus 

proves that this referred jaw belongs to the genus Stegomastodon, 

first described by Cope (1892.2, p. 227) as Mastodon successor, a 

name which he subsequently withdrew (1893.1, p. 63) referring 

this jaw to D. tropicus as above stated; it is therefore revived in 

the present Memoir as Cope’s type of Mastodon [= Stegomastodon] 

successor (see Chapter XIII, Fig. 641). 
Dibelodon tropicus Cope, 1884. ‘The Extinct Mammalia of 

the Valley of Mexico.” Proc. Amer. Phil. Soc., Vol. XXII, 1884 
[Cope, 1884.2], p. 7 (printed October 21, 1884). TyPr.— 

Cope selects as his type the specimen which von Meyer describes 

as above (von Meyer, 1867, p. 64). 

Tyre Figure.—Figured as M. humboldti by von Meyer in 

his article “‘Studien tiber das Genus Mastodon,” Palaeontographica, 

1867, Band XVII, Taf. v1. 
Horizon AND Locatiry.—State of Michoacan, Valley of 

Mexico, Uhde Collection. Now in the Geological Institute of the 

University of Breslau. 

Tyrer JAw FRoM Mexico AND REFERRED MATERIAL FROM 

Peru.—(Cope, 1884.2, p. 7): “A second species of Dibelodon 
inhabited the valley of Mexico, of larger size than the D. shepardi, 

and differing somewhat in the dentition. Von Meyer describes 

and figures a ramus of a lower jaw, . . . brought by Herr Uhde 

from Mexico, which has, according to Von Meyer, no mandibular 

tusk, and probably a short elephantine symphysis. A very 

similar ramus, containing the last molar tooth, was presented to 

the Philadelphia Academy of Natural Sciences by Dr. Isaac 

Coates, who obtained it from Tarrapota, on the Huallaga river, in 

Eastern Peru. The extremity of the symphysis of this specimen 

is broken away, but enough remains to show that it was probably 

short, and that there was no inferior incisor. Reference to Von 

Meyer’s figure shows that the last inferior molar has five well- 

developed cross-crests and a heel. The Peruvian specimen has 

the same character, the fifth cross-crest a very little more con- 
tracted than in Von Meyer’s plate.”’ 

Speciric CHARACTERS OF CORDILLERION TROPICUS.—(1) In- 

termediate molars, Ms, with three crests and external trefoils. (2) 

Last molar with five crests and a strong tubercular talon; fifth 

erest elevated but composed of only two main cones without tre- 

foils. (3) External trefoils well developed on M:. (4) Distin- 

guished from M. humboldtii by the presence of single trefoils; in‘M.’ 

humboldtii they are double. (5) . . . “according to Von Meyer, 

no mandibular tusk, and probably a short elephantine symphysis.”’ 

PROBOSCIDEA 

Osborn, 1924: The above description by Cope distinguishes 

his type of Dibelodon tropicus from Cuvieronius humboldtii but not 
from Cordillerion andium, in fact, Cope observes that the molars 

of Dibelodon tropicus are like those of Tetrabelodon andium. Con- 

sequently the implied distinction from D. andiwm depends on the 
supposed absence of inferior incisors. 

Cordillerion oligobunis Cope, 1893 

Figure 514 

Tequixquiac, Valley of Mexico (see also Freudenberg, 1922). Pliocene or 

Pleistocene (fide Furlong, 1925). 

C.(2) oligobunis felicis Freudenberg, 1922 (cf. Mastodon oligobunis oligo- 
bunis in Hay, 1925.3). 

(Furlong, 1925, p. 138): “The town of Tequixquiac lies north of Mexico 

City a distance of approximately thirty miles. . . . [p. 140] Tequixquiac, 

Zumpango, and the extensive area lying between these two towns are note- 

worthy for their productiveness of Pleistocene vertebrate materials. Probosci- 
dian remains are particularly abundant. The collection obtained by the writer 

during the short time spent in this region consists of two fairly complete 

mandibuli, parts of two skulls, many dissociated teeth, some limb and foot 

bones, and many incomplete or fragmentary tusks that were difficult to pre- 

serve . . . the evidence showed that members of the Proboscidea were present 
in great numbers and apparently were among the very last of the Pleistocene 

fauna to become extinct. It is possible that the area represents the site of their 

latest survival on the continent.” 

The type of this species (Fig. 514) is apparently distinguished 

from the type of ‘M.’ tropicus and of ‘M.’ bolivianus by the 

presence of only four and a half ridge-crests in M3; in which char- 
acter it agrees with the specimens from Tarija (Fig. 504). 

Hisrory.—Cope in 1884 examined and reviewed the specimens 

of Proboseidea contained in the Museo Nacional of Mexico, of 

which, under the erroneous reference to ‘Dibelodon’ shepardi Leidy 
(1884.2, p. 6), he described “a well-preserved lower jaw [Fig. 514] 
of a Mastodon, which presents both rami, and both the last true 

molars, and the entire symphysis. ... The molars have the 

characters of those of the Mastodon andium of authors, and are of 

about the same size. The cross-crests are divided at the middle 

line only, and one half wears into a trefoil, while the other half 

wears into an oval, transverse to the:long axis of the crown. The 

unworn crests are obtuse and not serrate; and there are no 

accessory tubercles besides those forming the lateral lobes of the 

trefoils. . . . The last inferior and last superior molars have but 

four cross-crests and a small heel. . . . From these specimens it is 

clear that the high valleys of Mexico were inhabited by a trilo- 

phodont mastodon, with a short decurved toothless symphysis 

like that of the Elephas primigenius, and with a band of enamel on 

the superior incisor tusks. . . . In the character of its molars it is 

identical with the M. andium, and differs from the M. humboldtii 

in the characters which distinguish the two species, as pointed out 

by Gervais [Footnote: ‘In Castelnau’s Expedition, 1855; Re- 

cherches sur les Mammiferes Fossiles de l’Amerique Meridionale, 

p. 14.’].. That is, only one-half of each eross-crest wears into a 

trefoil, and the size is inferior.” 
This lower jaw Cope originally referred (1884.2, pp. 5-7) to 

Dibelodon shepardi Leidy, but subsequently (1893.1, p. 59) he made 

it the type of a new species, namely, Mastodon oligobunis, the name 

oligobunis referring to the paucity of bunoid elements in the crown. 

The same type jaw was figured in Villada’s Memoir of 1903, Lam. 
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vu, as “Mandibula inferior del Dibelodon Shepardi, Cope, (del 

tajo de Tequixquiac.),” one-third natural size, from which our 
figure (Fig. 514) is reproduced one-sixth natural size. 

In 1903 Villada in his ‘‘ Apuntes Acerea de la Fauna Fosil del 

Valle de México”’ reviewed the principal collections in the Museo 
Nacional of Mexico. In the section ‘‘Orden de los Proboscideos” 
(p. 450) he refers to Cope’s type specimen as: “‘2° Dibelodon, Cope. 

Sin incisivos inferiores y los superiores con faja de esmalte. Tipo: 
D. Shepardi. . . . La especie de Tequixquiac es la que sirve precisa- 

mente de tipo al segundo de estos tres géneros. Otra que también 

le corresponde, es el D. tropicus, y de la cual tenemos como segura 
su presencia en la misma fauna; pero también con duda: la del 
T. andium, 6 sea una especie del tercer género.”’ 

In 1893 Cope selected the jaw previously referred by him to 

Dibelodon shepardi Leidy as the type of the new species Mastodon 

oligobunis, the type description being as follows: 

Type oF CoRDILLERION OLIGOBUNIS 

Type lower jaw of Mastodon oligobunis Cope, 1893, in the 

collection of the National Museum of Mexico. After Villada, 1903, Liam. vn: 

“Mandibula inferior del Dibelodon Shepardi, Cope, (del tajo de Tequixquiac.)” 

One-sixth natural size. See also Freudenberg, 1922, p. 116, fig. 4. 

Fig. 514. 

Mastodon oligobunis Cope, 1893. “A Preliminary Report on 

the Vertebrate Paleontology of the Llano Estacado.” Fourth 

Ann. Rept. Geol. Surv. Texas for 1892, p. 59. Typr.—(Cope, 

1884.2, pp. 5, 6): “The fossils of the Museum Nacional of Mexico, 

examined by me, included a well-preserved lower jaw (Fig. 514) 

of a Mastodon, which presents both rami, and both the last true 

200 

molars, and the entire symphysis.” Horizon anp Locatiry.— 

Tequixquiac, Valley of Mexico (see Cope, 1884.2, p. 1, also 

Freudenberg, 1922, p. 116). Tyre Ficure.—Not figured 

by Cope. The type jaw of ‘M.’ oligobunis Cope was figured by 

Villada in 1903, Pl. vu, under the original name “ Dibelodon 

Shepardi, Cope.” It was also figured by Freudenberg, 1922, p. 

116, fig. 4, under the name M. oligobunis. 

Type Descrietion.—(Cope, 1893.1, p. 59): “This speci- 

men [referred, not type, in School of Mines] came from Tehui- 

chila, in the State of Vera Cruz, from a formation which I subse- 

quently determined to be of Loup Fork age, so that the identity of 

the species with that found in the Equus beds of the valley of 

Mexico is highly improbable. I therefore refer the latter [ie., 

the type from the Valley of Mexico} to the genus Mastodon under 

the specific name of M. oligobunis, Cope. It differs from the 

Dibelodon tropicus in the smaller number of cross-crests of the last 

molar, and their greater simplicity, since they are not divided at 

all, and the external halves of the first and second only have 

anterior and posterior buttresses, in some individuals at least.”’ 
Freudenberg (1922, p. 116) reproduces this same figure from 

Villada under the name: “Fig. 4. Unterkiefer vom M. oligobunis 
Cope von Tequixquiac, Mexiko. Original im Museo nac. Mexiko. 

D.-F. nach Villada [Footnote: ‘M. Villada, Apuntes de la Fauna 

fosil del Valle de Mexico. Anales del Museo nacional Mexico. 

1902. pag. 10-11.’].” Freudenberg refers (p. 115, footnote) to 

Cope’s paper “The Extinct Mammalia of the Valley of Mexico.”’ 
While Freudenberg thus erroneously excludes Cope’s type of M. 

oligobunis from relationship to Mastodon andium, Cope’s original 

descriptions cited above (1884.2, pp. 5-7, and 1893.1, p. 59) leave 

no doubt that his type jaw of Mastodon oligobunis (Fig. 514) is 
closely related to Cordillerion andium and especially to the speci- 
mens from Tarija. The long narrow proportions of My, viewed in 

perspective in Villada’s figure (Fig. 514), as well as the absence of 

inferior tusks, definitely relate this species to Cordillerion rather 

than to Rhynchotherium; there are apparently but four and a half 

ridge-crests in contrast with five and a half ridge-crests in ‘M.’ 

tropicus and in ‘ M.’ bolivianus. 
Osborn, 1924: Thus is cleared up the history of the type and 

the name of Mastodon oligobunis Cope, one of the most complicated 

in the whole literature of the Proboscidea. We trust that at last 

this type jaw, first referred to Dibelodon shepardi Leidy and then to 

Mastodon oligobunis, has now found a safe harbor and final retreat 

in the name Cordillerion oligobunis. 

Cordillerion oligobunis antiquissimus Freudenberg, 1922 

Figure 515 

Pliocene. Valley of Amajaque, Hidalgo, Mexico. 

This stage was proposed by Freudenberg as a primitive muta- 

tion or variety of Mastodon oligobunis Cope; the imperfect character 

of the type renders the determination somewhat doubtful. In the 

history of discovery above, the tortuous career of the specific name 

Mastodon oligobunis Cope is fully recited. We agree with Freuden- 

berg that the present very fragmentary type from the State of 

Hidalgo resembles Cope’s type of Mastodon oligobunis, which in 

this Memoir is shown to resemble very strongly Cordillerion andium, 

as Cope originally determined. Consequently this subspecies is 

transferred to the genus Cordillerion. 
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Mastodon oligobunis var. antiquissima noy. subsp. Freuden- 

berg, 1922. “Die Siugetierfauna des Pliocins und Postpliocins 
von Mexiko. II. Teil: Mastodonten und Elefanten.’’ Geol. und 

Palaeont. Abhand., N.F., Band XIV (Band XVIII), Heft 3, pp. 

118-120. Tyrer Ficure.—Taf. rx, figs. 3 and 3a: “ Mastodon 

oligobunis Cope var. antiquissima nov. subsp. No. 32 der Leihliste. 

Pliociin des Valle de Amajaque in Hidalgo. Mz; rechts unten.” 

Type DescripTion.—(Op. cit., p. 119): “Der letzte Mahl- 

zahn vom Valle de Amayac kann ebenfalls nur 4 Joche und einen 

kleinen Talon besessen haben im Gegensatz zu den quartiren 

Arten des M. oligobunis und M. tropicus, bei denen am M; 5 Joche 

und ein Talon vorhanden sind. Die Stammesentwicklung drangt 

TyPE oF CoRDILLERION OLIGOBUNIS ANTIQUISSIMUS 

Fig. 515. Type right M3, with one and a half crests 

broken off, of Mastodon oligobunis var. antiquissima Freuden- 

berg, 1922 (Mus. Inst. Nac. Geol. Mex. v-187). From Valley 

of Amajaque, Hidalgo, Mexico. Reproduced from original 

photographs, courtesy of Doctor Freudenberg; upper figure 

one-fourth natural size, lower figure one-half natural size. 
Compare type figure Freudenberg, 1922, Taf. rx, figs. 3, 3a. 

zu einer Jochvermehrung, wie wir das noch genauer sehen werden. 
Die Linge unseres M; mag im Maximum 155 mm betragen haben, 
also ebenso lang gewesen sein wie bei M. oligobunis var. Felicis 
(No. 20). Fast die gleiche Linge hat M. Shepardi Leidy von 
Contra Costa Co. Bei jungdiluvialen Rassen des M. oligobunis 
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betrug die Lange etwa 175 mm. Die Breite des Zahns von Atoto- 
nilco misst am dritten Joch etwa 68 mm.” 

Osborn, 1926: Freudenberg reviews (op. cit., pp. 113-118) 

the previous descriptions of M. shepardi Leidy, M. oligobunis Cope, 

M. andium Cuv., D. tropicus Cope, M. precursor Cope, and con- 

cludes (p. 118): ‘‘Im folgenden unterscheide ich 4 verschiedene 
Mutationen oder Varietiten des Mastodon (Dibelodon) oligobunis 

Cope. Das sind: var. antiquissima, var. Felicis, var. intermedia 

und var. progressa. Vielleicht ist var. antiquissima identisch mit 

der verloren gegangenen Mandibel von Tlaxcala am Ostrande der 

Mesa central von Mexiko. Der Fundort Tlaxcala wird von 

Aguilera der Pliocinformation zugerechnet. Es sind _ blitter- 

fiihrende Tone mit Resten altertiimlicher Saugetiere.”’ 

Osborn, 1931: The type figure of this subspecies does not show 

the crown view; consequently it is somewhat uncertain whether the 

proportions of this inferior molar are those of Cordillerion or of 

Rhynchotherium. 

Cordillerion(?) oligobunis felicis Freudenberg, 1922 

Figures 516 and 517 

Pliocene. Puebla, Mexico. 

The imperfect left superior grinding tooth, 1.M°, from Puebla, 

Mexico, constituting the type of this subspecies,' is doubtfully 

related to the genus Cordillerion, as implied by Freudenberg in his 

comparison of this type as related to, but specifically distinct from, 

the type of Dibelodon tropicus Cope; it resembles in its propor- 

tions Cordillerion rather than Rhynchotherium. The type was first 

figured by Felix (1891, Taf. xxx, fig. 1) as “Mastodon Shepardi’’; 
it was subsequently photographed and refigured by Freudenberg 

(1922, Taf. x, figs. 1, la); with its single trefoils and four and a 

half ridge-crests, it agrees with the third superior molars of 

Cordillerion andium of Tarija (Fig. 488, also Fig. 504, 7), although 

it is more primitive than the C. andium molars in the lesser 

development of the tetartoloph and of the talon representing 

the pentaloph. 

Mastodon oligobunis var. Felicis, Freudenberg, 1922. “Die 

Sdugetierfauna des Pliociins und Postpliocins von Mexiko. ILI. 

Teil: Mastodonten und Elefanten.” Geol. und Palaeont. Abhand., 

N.F., Band XIV (Band XVIII), Heft 3, pp. 120-123, “Taf. x, 
Fig. lu.la. Taf. xt, Fig.2u. 2a. Taf. xm, Fig. 2. Text fig. 

C2 Typr.—Left third superior molar, 1.M%. Original in 
Palzontological Museum of University of Leipzig. Horizon 

AND Loca.iry.—Puebla, Mexico. Type Ficgure.—Freuden- 

berg, op. cit., Taf. x, figs. 1, la: “‘Mastodon (?Dibelodon) oligobunis 
var. Felicis nov. subsp. von der Aussenseite gesehen. % nat. Gr. 
Fig. la. Die Zahnkrone, von der Kaufliiche gesehen. % nat. Gr. 

Original zu Felix (Beitriige ete. Bd. 3. t. 30. f. 1) aus der Gegend 
von Puebla, jetzt im Paliontologischen Museum der Universitat 
Leipzig. Bezeichnend fiir die Art sind die kantigen Pyramiden 

der Haupthiigel.”’ 

Tyre Derscriprion.—(Freudenberg, op. cit., p. 120): “Der 
Typus dieser Art ist der von Felix [Footnote: Beitriige zur Ge- 

ologie und Paliontologie der Republik Mexiko. 3. Paliaontogr. 

1891. pag. 132. t. 30 f. 1.’] abgebildete dritte obere Molar der 

*(1935) The type of this species may be compared with Serbelodon(?) precursor (Fig. 397, p. 431 above) from the Blanco, Texas. 
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linken Seite, den er nach Copes Vorgang als M. Shepardi Leidy be- 

zeichnet hat. Cope [Description of a lower jaw of Tetrahe lodon 
Shepardi. Amer. Nat., 1889, Vol. XXIII, pp. 203, 204] beruft 

sich spiter auf diese Abbildung und auf seine vorausgegangene 

Beschreibung des Dibelodon Shepardi aus Mexiko. [Footnote: 

‘E. D. Cope, The extinct Mammalia of the valley of Mexiko. Loe. 
cit. 1884. pag. 5-7.’]. Die Griinde, die auch hier gegen M. 

Shepardi sprechen, haben wir oben dargelegt. Jedenfalls gehéren 

die mexikanischen Quartirformen alle zum Subgenus Mastodon, 
da nur obere Stosszihne vorhanden und diese ohne Schmelzbinder 

Tyrer Suprrtor Movar or Corpitierton(?)! oL1GOBUNIS FELICIS 

Fig. 516. Type left M‘ of Mastodon oligobunis var. Felicis Freuden- 

berg, 1922. After Freudenberg, 1922, Taf. x, figs. 1, la, one-half natural 

size. From the locality of Puebla, Mexico; now in the Palwontological 

Museum of the University of Leipzig. The same tooth in a less frac- 

tured condition appears to be figured by Felix (1891, Taf. x2xx, fig. 1) 

under the reference ‘“ Mastodon Shepardi Leidy.” 

Observe: (1) The four and a quarter crests, each crest bilobed; (2) 

trefoils on external lobes; (3) the convex profile of crown. 

sind. Unsere Textfig. 4 stellt einen Unterkiefer derselben Unterart 

vor. Dieselbe wurde von Villada (I. c.) auf seiner t. 7 dargestellt. 

Das Original befindet sich im Museo Nacional in Mexiko. Hinter 

der kurzen und abwiirts gebogenen Symphyse waren My und Ms 

gleichzeitig in Funktion. . . . Was mich bestimmt, diesen Zahn 

‘With trefoils springing from the entoconelets and with reduced mesoconelets this molar resembles the type of 

See figure 517 opposite for crown view of 1.Ms. 
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zuM. oligobunis var. Felicis zu stellen, das ist unter anderem seine 

geringe Grésse und die Schmalheit des Hinterendes, das bei M. 
tropicus besonders breit ist. Die Kulissenstellung der Halbjoche 

Taf. mm [x1], Fig. 1), wennschon in anderer 
Weise entwickelt. Dort legen sich nimlich die Halbjoche in stump- 

fem Winkel aneinander, wihrend bei M. oligobunis var. Felicis 

die beiden halben Querjoche sehr schief zur Zahnachse liegen, aber 

ist auch dort vorhanden ( 

in einer Linie sich jeweils aneinander legen.” 

Third left inferior molar, l.Mg, referred by 

Freudenberg to Mastodon oligobunis var. Felicis. Mus. Inst. 

Fig. 517. 

Nac. Geol. Mex. 185a (20). From ‘‘Tlatlaya. Dto. 

Quetepec. Estado de Mexico.” After original photograph, 

courtesy of Doctor Freudenberg, one-half natural size. 

Compare Freudenberg, 1922, Taf. x1, figs. 2, 2a. [= Cordil- 

lerion(?) oligobunis felicis of the present Memoir.] 

Osborn, 1924: Comparing the ridge-crest formula, Cope’s 

type of Dibelodon tropicus contains five and a quarter crests in Mj; 

Hay’s type of Gomphotherium gratum contains four and a quarter 

crests in M; Freudenberg is certainly correct in regarding as an 

M this type molar of Mastodon oligobunis var. felicis (Pig. 516). 

Cordillerion(?) oligobunis intermedius Freudenberg, 1922 

Figure 518 

Pliocene or Pleistocene. Mexico, exact locality not recorded. 

Freudenberg shows that this type in all its dimensions exceeds 

his type of M. oligobunis var. Felicis; he compares it with the type 

of Dibelodon tropicus Cope. 

(Osborn, 1934) The type of this subspecies does not resemble 

the elongate five crested third superior molar of Cordillerion or 

that of Rhynchotherium; it is comparable rather to the short and 

broad third superior molar of Trobelodon taoensis, or possibly to the 

genus Serbelodon (Fig. 408). 

Mastodon oligobunis var. intermedia Freudenberg, 1922. “Die 

Siiugetierfauna des Pliociins und Postpliociins von Mexiko. II. 

Teil: Mastodonten und Elefanten.”’ Geol. und Palaeont. Abhand., 

Serbelodon(?) pracursor Cope (Fig. 397). 
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N.F., Band XIV (Band XVIII), Heft 3, pp. 123-126. TiyPr.— 

A third right superior molar, r.M*. Mus. Inst. Nac. Geol. Mex. 

v-183 (155). Horizon AND Locauiry.—Locality not re- 

corded. Tyre Ficurn.—Op. cit., Taf. xu, figs. land2. Fig. 1: 

“Vastodon oligobunis var. intermedia Freudenb. subsp. nov. (No. 

155), von der Innenseite gesehen. Ca. nat. Gr. M* r.” Fig. 2. 

“von oben gesehen, in nat. Gr.” 

Tyre (A, B) Superior Mouar or CorDILLERION(?) OLIGOBUNIS 

INTERMEDIUS. RererreD Moar (C). 

Fig. 518. Type third right superior molar, r.M‘, of Masto- 

don oligobunis var. intermedia Freudenberg, 1922. Compare 

Freudenberg, 1922, Taf. xu, figs. 1 and 2. Mus. Inst. Nac. 

Geol. Mex. y-183 (155). All figures one-third natural size. 

Locality not recorded. 

A, Crown view of type. 

B, External view of same type, from photograph given to 
the present author. 

C, Internal view of referred specimen (No. 157), after 

photograph. From Valley of Mexico. 
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Tyrer DescripTion.—(Freudenberg, op. cit., p. 123): “Das 

Typusexemplar dieser Unterart ist ein oberer rechter M* ohne 
Fundortangabe, aber jedenfalls aus Mexiko stammend, wie alle 

Siugetierreste im Museum des Instituto geologico zu Mexiko. Die 

Erhaltung ist die bei jungdiluvialen Resten tibliche. Der Schmelz 

ist rein weiss, ebenso die stark hygroskopische Knochensubstanz. 

Sie gleicht am meisten den sog. Kalktuff-Fossilien, die nach Felix 

und Lenk im Staate Puebla vorkommen und Siugetiere einschlies- 

sen, etwa wie die Kalktuffe von Weimar und Taubach, denen sie 

sogar im Alter zu entsprechen scheinen. Der Originalzahn (M§) 

ist als Fig. 1 und 2 auf Taf. 1v [xm] von der Seite und von oben 

abgebildet. No. 155 gibt sich durch seine grosse Breite und relative 

Kiirze bei 4 Jochen und Talon sofort als M* zu erkennen. Krone wie 

Wurzeln sind recht vollstindig erhalten.” 

Tyre InreRIOR MOLAR OF CORDILLERION OLIGOBUNIS PROGRESSUS 

Fig. 519. Type third left inferior molar, 1.M3, of Mastodon oligobunis 

var. progressa Freudenberg, 1922, one-half natural size. After photographs 

furnished by Doctor Freudenberg. Compare original type figures, Freuden- 
berg, 1922, Taf. xtv, figs. 1 (lower) and 2 (upper) natural size. “Stammt 

von der Cannada (Schlucht) de Aculcingo” (Mus. Inst. Nac. Geol. Mex. 

184a). 

Cordillerion oligobunis progressus Freudenberg, 1922 

Figure 519 

Pliocene or Pleistocene. Cannada de Aculeingo, Mexico. 

The comparison which Freudenberg makes with other speci- 

mens (1922, pp. 127, 128) indicates that this subspecies is more 

closely related to the type of Cordillerion tropicus Cope, although 

much more primitive. 

The long, narrow type inferior molar of this subspecies certainly 

resembles in its proportions Cordillerion rather than Rhyncho- 
therium. This type, a third left inferior molar tooth, 1.Ms, from 

the canyon of Aculcingo, Mexico, is characteristie of Cordillerion 

in the development of its cones and trefoils; the trefoils are appar- 

ently of diminutive size; this tooth also presents a marked out- 

ward curvature. 
M. (Mastodon) oligobunis var. progressa Freudenberg, 1922. 

“Die Siiugetierfauna des Pliocins und Postpliocins von Mexiko. 



' 

? 
. 
® 

THE NOTOROSTRIN: CORDILLERION 

Il. Teil: Mastodonten und Elefanten.’”’ Geol. und Palaeont. 

Abhand., N.F., Band XIV (Band XVIII), Heft 3, pp. 126, 
127. Typr.—A third left inferior molar, 1.M;. Mus. Inst. 

Nac. Geol. Mex. 184a. Horizon anv Locauiry.—‘‘Stammt 

von der Cannada (Schlucht) de Aculcingo,’”’ Mexico. TYPE 

Ficurr.—Freudenberg, op. cit., Taf. xtv, Figs. 1 and 2: ‘‘Masto- 

don oligobunis var. progressa Freudenb. subsp. nov. Mz; des linken 

Unterkiefers in nat. Gr. Stammt von der Cannada (Schlucht) de 

Aculeingo. (No. 17) der Leihliste. Auch der rechte Zahn ist 

vorhanden. Hiigel ohne Kanten. Fig. 1 von Innen gesehen. Fig. 

2 von der Kaufliiche gesehen.”’ 

Type Descriprion.—(Freudenberg, op. cit., p. 127): ‘No. 

17 der Leihliste ist letzter unterer Molar der linken Seite (Ms; |.) 
mit merkwiirdiger Biegung nach innen, wie sie an M® yon Elephas 

nicht selten beobachtet wird. Durch diese nach aussen leicht 

konkave Biegung, verbunden mit einer radialen Anordnung der 

Querjoche, wird man an Elephas erinnert. Auch sind die ‘iusseren 
und inneren Halbjoche nicht gegeneinander verschoben, noch sind 

deutliche Sperrhiigel vorhanden. Diese befinden sich offenbar in 

Riickbildung. Der Zahn erinnert von allen am meisten an Stego- 
don. Es ist eine fiinfjochige Form mit einem kleinen Talon. Wir 

haben sie zu M. oligobunis gestellt, da wir Schritt fiir Schritt ihren 

Stammbaum verfolgen konnten. Die hintere Jochpartie scheint 
in etwas Zement eingehiillt zu sein. Vorn hat die Abkauung noch 
kaum begonnen. Die Beriihrungsfliiche der Jochspitzen liuft der 

Zahnbasis anniihernd parallel, ist also sehr verschieden von M; des 

M. oligobunis var. Felicis. Das gleiche wiirde man von der Usur- 
fliiche sagen kénnen, wenn diese besser entwickelt wiire. Fundort 

ist laut Aufschrift die Cannada de Aculcingo.” 

Freudenberg concludes that M. antiquissima, M. intermedia, 

and M. progressa constitute a series of ascending mutations which 

he terms varieties (op. cit., p. 137): “In der Formenreihe des M. 

oligobunis Cope aus Mexiko glaube ich einen Fall von Stammesent- 

wicklung beschrieben zu haben, wo Jochvermehrung und eine bald 

mehr bunodonte, bald stiirker lophodonte Gestaltung der Schlmelz- 

hiigel zu feststehenden Mutationen gefiihrt hat. Da man aber den 

Ziichtungsversuch und die Analyse der Nachkommenschaft nicht 
mehr vornehmen kann, so habe ich mich dafiir entschieden, die 

unterscheidbaren Formen als Variationen bei der Namengebung 

einzufiihren.” 

THE RARE NOTOROSTRINES OF TEXAS AND SOUTHERN 

CALIFORNIA 

The first Notorostrine described from the United States was 

the Gomphotherium gratum of Hay, 1917, from Texas, and the 

second was the Dibelodon edensis of Osborn, 1922, from southern 

California. The most recently described species are A nancus orarius 

Hay, 1926, and A. defloccatus Hay, 1926, from near Sinton, Texas, 

and Anancus bensonensis Gidley, 1926, from near Benson, Arizona. 

The present writer includes all of these species in the genus Cordil- 

lerion. Consequently the five North American species known at 

present are: 

1917 Cordillerion gratum Hay, Pittbridge, Burleson 

Co., Texas, with 4% ridge-crests in M’, hence progressive. 

1922 Cordillerion edensis Osborn, Eden formation 

southern California, ridge-crests of M* at present unknown. 

1926 Cordillarion orarius Hay, near Sinton, San Patricio 

Co., Texas, with 5+ ridge-crests in M*, hence progressive. 
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1926 Cordillerion defloccatus Hay, near Sinton, San 

Patricio Co., Texas, with 5+ ridge-crests in Ms, hence 

progressive. 

1926 Cordillerion bensonensis Gidley, near Benson, 
Cochise Co., Arizona, with 4+ ridge-crests in M°, hence 

primitive. 

Cordillerion gratum Hay, 1917 

Figure 520 

Pliocene, Pittbridge, Burleson County, Texas, on the Brazos River. 

The type superior teeth of Cordillerion gratum (Fig. 520) are 

somewhat more primitive than the corresponding teeth of C. andium 

of Tarija, Bolivia, as figured by Gervais, 1855, Pl. v, fig. 3 

(Fig. 488). 

C 

Tyre Superior Motars or CoRDILLERION GRATUM 

Type r.M*-M? of Gomphotherium gratum Hay, 1917.1, Pl. im, 

A,B). A. 

One-fourth natural size. C. 

Fig. 520. 

figs. 3 and 4 (C, D), PI. rv, figs. 1 and 2 

B.—Internal view of same 

D.—Crown view of M?’. 

External view of maxilla 

Crown view of M*. 

One-third natural size. From Pittbridge, Burleson 

County, Texas, on the Brazos River. 
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Hay erroneously referred his excellent type specimen (Fig. 

520) to the genus Gomphotherium | =Trilophodon], but the crown 

and side views of the second and third superior grinding teeth are 

seen to be closely similar to those of Cordillerion andium. 

Gomphotherium gratum Hay, 1917. “Descriptions of Some 

Fossil Vertebrates Found in Texas.” Bull. Univ. of Texas, No. 

71, December 20, 1916 (not actually published until 1917), pp. 

18-21. Type.—“A portion of a right maxilla containing the 

second and third molars; also the third molar of the left side of the 

same individual. The property of Dr. Mark Francis, College 

Station, Texas.” Horizon AND Locatiry.—Pittbridge, 
Burleson County, Texas, on the Brazos River.  Plio- 

cene. Type Ficure.—Hay, op. cit., 1916 [1917.1], Pl. m1, figs. 

3 and 4, and PI. tv, figs. 1 and 2. 
Tyre Description.—(Hay, op. cif., pp. 18 and 19).— 

. “Second upper molar with three cross-crests, third upper 

molar with four. Inner halves of the crests furnished with anterior 
and posterior buttresses and, on being worn down, presenting 

trefoils. . . . 

Measurements of teeth in millimeters. 

Dimensions taken M? M? 

Length of tooth at the base.................... 113 178 

Wadihratrthetinsticrestiancmemtrccrce aeiercisieior (Gl 87 

Widthratisecondicrests: secre. seo. 83 87 

Waidthratithindicrestas ae ceste: 4 «iste susie cuaete 81 83 

Widthesteiourtinierest: sassseen cece cceceieas 73 

[Breadth-lenothindexsere. co. acc edeee anes 73 49] 

Besides the four cross-crests of the third molar there is a talon 
consisting of two large coalescent tubercles. An observation of the 
grinding face of the second molar (pl. 11, fig. 3) shows that there 
is produced on wear a distinct trefoil on the inner half of each 
crest. The lobes of these which are produced by the front and 
rear buttresses of each crest come into contact at the middle of the 
width of the tooth and block up the transverse valley.” 

Osborn, 1933: This type adds welcome confirmation of the 

presence of the genus Cordillerion in the southwestern United 
States. 

Cordillerion edensis Osborn, 1922 

Figures 471, 498, 500, 522, 523 

Eden formation, Mt. Eden Hot Springs, San Bernardino County, south- 
ern California. Upper Pliocene, but somewhat more ancient geologically 
than the Blanco (fide Frick, 1921). 

The type of Cordillerion edensis is the incomplete rostrum and 
superb pair of incisive tusks represented in figure 523 (Aj, superior 
aspect, A», palatal aspect), in comparison with (B) the typical 
Cordillerion andium of Tarija, Bolivia, shown in palatal aspect 
to the same scale. On close examination it will be observed that 
while the tusks with their enamel bands are similar, they are by 
no means identical; in other words, while there is no question as to 
generic relationship, the tusks of C. edensis represent a more 
primitive stage of evolution; they are stouter, more simply in- 
curved, less completely spiral, the enamel band is relatively broader 
and does not make the complete spiral twist from the outer to the 
inner side, as observed in the more highly specialized C. andium 
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of Tarija. For this important specific stage we are indebted to 

Mr. Childs Frick in his prolonged and highly successful explora- 

tions and researches in our western Pliocene and especially in the 
very difficult exploration of the Eden formation of San Bernardino 

County, southern California, carried on under his direction since 
1916 by Mr. Joseph Rak. The author is also indebted to Mr. 
Frick for the opportunity of first describing and figuring these 
type tusks as Dibelodon edensis in the year 1922 (Osborn, 1922.564, 
1D Oh wives 1). 

History.—Unfortunately the present author’s original 

description (Osborn, 1922.564) of these type tusks of Cordillerion 

edensis was marred by the erroneous association both by Frick 

(1921, 1926) and Osborn (1922) of these Cordillerion tusks with 

the type grinding teeth (Fig. 470) of ‘‘ Trilophodon (Tetrabelodon) 

shepardi edensis”’ Frick, 1921, p. 405, a species now transferred to 

Rhynchotherium shepardi edense (see p. 496 of the present Me- 

moir). This erroneous association is fully explained in Chapter 

XI, pages 496-501 above. These tusks, first described by Osborn 

in 1922 as Dibelodon edensis (Frick), are now transferred to Cor- 
dillerion edensis. 

Typy.—Univ. Calif. 24047. Frick’s original description of 

this type is as follows (1921, pp. 405, 408): ‘‘portions of premaxilla 

and tusks, Univ. Calif. Coll. Vert. Pal. no. 24047 (pl. 50), all from 

Univ. Calif. loc. 3269. . . . A fragment of a premaxilla contain- 

ing portions of two tusks [Footnote: ‘At the time of going to print 

the basal portions of the tusks have alone been recovered, the upper 
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Fig. 521. 

deposits in geographic relation to the Etchegoin, Ricardo, Chanac, Pinole 

Tuff-Orinda, Thousand Creek, Rattlesnake, Snake Creek, Republican River 

Map showing the position of the San Timoteo and Eden 

Pliocene. These are the more important of the Pliocene fossil mammal de- 

posits lying west of the Mississippi River. After Frick, 1921, p. 280, fig. la. 

7. San Timoteo and Eden horizon 11. Blanco horizon of Texas. 

of California. 10. Republican River horizon of 
6. Ricardo horizon of California. Reis 

5. Chanac horizon of California. MOUeneTH ILATEAR. 

4, Etchegoin horizon of California. 9. Loup River of central Nebraska. 

3. Pinole Tuff-Orinda horizon of Snake (Greck of weateraniee 
California. beac 

2. Thousand Creek horizon of es 
Nevada. Several horizons west of the 

1. Rattlesnake horizon of Oregon. Mississippi. 
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surface of the adjacent portions lying exposed in the quarry for 

eighteen inches, and the total length of the tusks being estimated 

at four feet.’] is represented in plate 50. The specimens are of oval 

section, being composed of a central core surrounded by four con- 

centric rings. The surface where unbroken is highly polished; 

a broad band of enamel is present on each; the inner texture is 

striated in the direction of the tusk curvature, which is distinctly 

inward and outward.” 

OSBORN’S ORIGINAL DESCRIPTION (1922) OF DIBELODON 

EDENSIS 

OsBorn, 1922.—At the special request of Mr. Childs Frick, 

Osborn (1922.564, pp. 1, 2) described the above-mentioned addi- 

tional material as follows: ‘During the years 1916-1917, Mr. 

Childs Frick (1921, p. 279) . . . conducted field work in southern 

California as part of Professor John C. Merriam’s comprehensive 

plan for the study of the geologic and faunal history of the Pacific 

coast. In the rich ‘Eden beds’ were discovered proboscidean 

remains which the author (op. cit., p. 405) determined as follows: 
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Tyre Tusks oF CorRDILLERION EDENSIS 

Fig. 522. Bases of right and left superior tusks and portions 

of premaxillaries originally (Frick, 1921, PL u—this figure) 

part of the type of T'rilophodon (Tetrabelodon) shepardi edensis. 

The distal portions of these tusks and additional pieces of the 

premaxillaries were subsequently recovered, from which the type 

restoration of Dibelodon edensis (Fig. 523) was made. These type 

tusks are now transferred to Cordillerion edensis (cf. Fig. 471). 

Restrorep Tyre Rostrum AND Superior Tusks (Unrv. Caurr. 24047) oF CorpDILLERION EDENSIS Osporn (Aj, Ag), 

COMPARED WITH THOSE oF C. ANpiuM (B) 

Fig. 523. Comparison of Cordillerion edensis of California (Ai, Ag) and Cordillerion andium of Bolivia (B). 

one-tenth natural size. After Osborn, 1922.564, p. 3, fig. 1. 

Aj, Superior view of the rostrum and incisive tusks of the type Dibelodon { =Cordillerion| edensis Osborn; 

These tusks belong to the Geological Museum of the University of California (Univ. Calif. 24047). 

Ao, Palatal view of the same type showing the remarkable similarity of detail to the palate of ¢ ‘ordill a 

. of Tarija, Bolivia, described and figured by Nordenskidld (1903, Taf. 1, fig 
B, Palatal view of Cordillerion andiun 

vidual, owing to the large size of the tusks. 

lerion andium 

2); probably a male indi- 
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All figures reduced to approximately 

this is probably a male individual. 



Trilophodon (Tetrabelodon) shepardi edensis, n. subsp. 

“<Tyne specimen.—The portion of a skull and posterior 

maxillaries, containing the last molar of the left side and a section 

of that of the right side, Univ. Calif. Coll. Vert. Pal. no. 23501 

(fiz. 160); two associated molars from the left and the right side 

respectively, Univ. Calif. Coll. Vert. Pal. 23503, 23504 (figs. 164, 

162); and portions of premaxilla and tusks, Univ. Calif. Coll. 

Vert. Pal. no. 24047 (pl. 50), all from Univ. Calif. loc. 3269.’” 

“The Eden beds are correlated with the Snake Creek of 

Nebraska, the Rattlesnake of Oregon, the Thousand Creek of 

Nevada, and the Middle Etchegoin of California, namely, of 

Middle Pliocene age. Excavation in the Eden beds continued by 

Mr. Frick resulted in the recovery of the complete upper tusks of 

one of the cotype specimens which were figured by the author 

(op. cit., Pl. 50): ‘Figs 1 and 2. Portions of premaxillary and 

tusks of Eden type specimen, no. 24047, X14.’ Under Mr. Frick’s 

direction these cotype tusks have been carefully restored and 

mounted, as represented in the present article (Fig. 1). Mr. 

Frick has kindly offered this precious cotype to the present writer 

for redescription together with newly discovered grinding teeth 

found in the same ledge of the Eden beds, representing several 

individuals which probably belong to the same species. This new 

cotype and the associated material prove that the Eden probosci- 

dean is very close indeed in all its characters to the classic Mastodon 

andium Cuvier of the valley of Tarija, Bolivia, and especially to 

the skull described by Nordenskidld . . . in 1903.” 
“The matter of chief interest and importance is that these 

notorostrine proboscideans migrated along the western coast of 

North America EN ROUTE to their habitat in the Andes. The 

generic name to be applied to this animal is not Trilophodon 

Falconer but Dibelodon Cope. Cope (1884) . . . founded Dibelo- 

don on three species, namely, Dibelodon (Mastodon) shepardi 

Leidy, Dibelodon tropicus Cope, and Mastodon humboldtii Cuvier, 

the first being specified as type. Consequently, Trilophodon 

(Tetrabelodon) shepardi edensis Frick = Dibelodon edensis (Frick).”’ 

“CHarAcTERS.—As shown in Fig. 1, Ai, A», B, the premaxille, 
the anterior portion of the palate, the dentition, and the enamel 

areas of the tusks are so similar to those of the Tarija skull referred 

to M. andium by Nordenskidld, that if the Eden cotype had 

been found at Tarija it would without question have been re- 

ferred to the species Dibelodon andium. The enamel ribbon in 

both the Eden and the Tarija specimens leaves the skull on the 

outer border of the tusk which by an inward rotation on its own 

axis carries the enamel (e e e) to the INNER border; in both photo- 
graphic figures the enamel borders are artificially indicated with a 
faint white line. The Dibelodon edensis cotype is a male in- 

dividual, consequently the tusks are more robust; it is a younger 

individual, hence the tusks are relatively shorter and the twisting 
of the enamel band does not extend quite so far. It appears prob- 

able that Dibelodon edensis is less progressive than Dibelodon 
andium in its tusk formation.” 

COMPARISON WITH CORDILLERION ANDIUM 

The dissociation of these type Cordillerion tusks from the 
Rhynchotherium shepardi edense grinding teeth necessitates a 
specific distinction of Cordillerion edensis of Eden from C. andium 
of Tarija. Comparison is made (Fig. 523) with the superb speci- 
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men in the Stockholm Museum, described and figured by Erland 

Nordenskiéld in 1903, in his Memoir ‘“‘ Uber die Siiugetierfossilien 
des Tarijatals, Sidamerika. I. Mastodon Andium Cuv.,” Kungl. 

Svenska Vetensk.-Akad. Handl., Band 37, No. 4, pp. 1-30, Taf. 

1-v1. The Tarija tusks, of an exposed length of 960 mm., total 

length including part within alveolus 1290 mm., transverse diam- 

eter 102 mm., exhibit a broader enamel band (61 mm.), artificially 

indicated in figure 523 by a faint white line. The enamel ribbon 

both in the Eden and Tarija specimens leaves the skull on the outer 

border of the tusk which by an inward rotation on its own axis 

carries the enamel to the inner border. Both specimens are 

probably males. In the C. edensis type the tusks are much more 

robust, they are relatively shorter, and the twisting of the enamel 

band does not extend quite so far; consequently C. edensis is 
much less progressive than C. andium in the formation of its 

superior incisive tusks. 

Cordillerion edensis differs from the Notorostrines hitherto 

described in being based on the superior tusks only, whereas pre- 

viously described species of the United States are based on the 

grinding teeth, under different nomenclature, namely, Gompho- 

therium gratum Hay, 1917, Anancus orarius Hay, 1926, Anancus 

defloccatus Hay, 1926, and Anancus bensonensis Gidley, 1926. 

Subsequent exploration may reveal specific as well as generic 

resemblances of these Upper(?) Pliocene stages of Cordillerion. 

GroLocic AGE.—As detailed in Chapter XI above in the de- 

scription of Rhynchotherium shepardi edense (shown in the map, Fig. 

472), Cordillerion edensis occurs in the Eden beds with the beaked 

mastodont R. shepardi edense, with the peccary Prosthennops 

edensis, with the camel Pliauchenia merriami, and with the primi- 

tive horse Pliohippus (?) spectans, an Eden fauna of Middle to 

Upper Pliocene age, less advanced than the Blanco which closes 

the Pliocene. Consequently C. edensis is more primitive and 
geologically more ancient than C. andium. 

Cordillerion orarius Hay, 1926 

Figure 524 

Probably of Pliocene age. West bank of Aransas River, in San Patricio 

County, near the town of Sinton, Texas. 

In the present Memoir the species Gomphotherium gratum 

Hay, 1917, has been transferred to the genus Cordillerion; con- 

sequently it follows that the species Anancus orarius Hay should 

also be transferred to the same genus and species, i.e., Cordil- 
lerion orarius, without further expression of opinion as to whether 

this species is distinct from one or all of the species of Cordillerion 
previously described from the United States and Mexico, namely, 
Cordillerion gratum, C. edensis (Texas and California), C. tropicus, 

C. oligobunis, C. oligobunis antiquissimus, C.(?) oligobunis felicis, 

C.(?) oligobunis intermedius, and C. oligobunis progressus (Mexico). 

Anancus orarius Hay, 1926. “A Collection of Pleistocene 
Vertebrates from Southwestern Texas.” Proc. U.S. Nat. Mus., Vol. 

LXVIII, Art. XXIV, pp.8-14. Typr.—(Op. cit., 1926.3, pp. 8, 9): 

“The mastodon to which this name is applied is represented by the 

symphysis and somewhat less than one-half of both horizontal 

rami with a much-worn right second molar, the complete crown of 

the lower right third molar, the detached lower left third molar 

[Nat. Mus. 11,377], a detached upper left second molar—and 
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a section of the right maxilla supporting the third molar nearly 

complete, these parts belonging to one individual.” HORIZON 

AnD LocaLity.—(Op. cit., p. 1): “In August, 1925, Dr. Mark 

Francis, of College Station, Texas, sent the writer a small collec- 

tion of fossil teeth and bones which he had collected near the west 

bank of Aransas River, in San Patricio County. The locality is 

described as being about 1 mile north of the bridge on which the 

St. Louis & Brownsville Railroad crosses the Aransas. It is also 

about 20 miles southwest of Refugio. Nearer is a town named 

Sinton, and for convenience the collection will be spoken of as from 
Sinton.” Probably of Pliocene age. Tyre Fiaure.— 

(Op. cit., 1926, p. 17): “Plate 2, Fig. 1. Anancus orarius. Type. 

Lower right third molar, showing grinding surface. X%.... 

Plate 3, Fig. 1. Anancus orarius. Upper right third molar, show- 

ing grinding surface. Type. X%. .. . Plate 4, Fig. 1. 
orarius. Part of maxilla with third molar. 

and showing crown and roots of the tooth. 

Anancus 

Seen from inner side 

Type. 0:43... ae 

Fig. 524. 

; Plate 5, Figs. 1-3. Anancus orarius. 1. Ri 

molar. 

ght maxilla with third 

Seen from right side. Type. X0.3+. 2. Lower fac- of 

symphysis showing keels, included furrow, foramina, and possible 

sockets for vestigial lower tusks. Lingual groove above. 0.64 

a. Front of lower jaw with the second and third molars. Seen 

from right side. * 0.28+.” 

Tyre Descrretion.—(Hay, 1926.3, p. 9): “The part of the 

lower jaw preserved is remarkably short and deep. From the 

front of the tooth row the profile turns downward more abruptly 

than is usual, even in Mammut americanum (pl. 5, fig. 3). The 

depth of the jaw at the front of the tooth row is 200mm. The 

lower face of the symphysis forms an ascending curve measuring 

150 mm. The hinder face rises perpendicularly a distance of 130 

mm. to the lingual gutter. This gutter runs forward a little and 

then turns rapidly downward to meet the ascending curve of the 

lower face of the symphysis in the blunt beak. The length of the 

gutter is close to 190 mm. At its lower end it is only about 25 mm. 

Ms 

Type Superior AND INFERIOR MOLARS OF CorpILLERION oRARIUS Hay 

After Hay, 1926.3, Pls. u-v, Mark Francis Collection, 1925 

All figures about two-thirds natural size 

A, Type third right inferior molar, r.M;, crown view; ' 

1, and Pl. y, fig. 3. Length of Ms 223 mm., breadth 95 mm., 5‘ ridge-crests. 

B, Three aspects of the third right superior molar, r.M’. After Hay, 

202 mm., breadth at second ridge-crest 105 mm., 5+ ridge-crests. 

Observe in r.M; 54 ridge-crests, external trefoils complete in the anterior lophs, ruc 

r.M? 5-+-ridge-crests; tetartoloph and pentaloph narrowing 

also external view of second and third right inferior molars, r.Me, r.My 

1926, Pl. v, fig. 1 (left), Pl. mu, fig. 1 (center), Pl. rv, fig. 1 (right 

After Hay, 1926, Pl. m, fig 

Length of r.M? 

limentary in the tetartolophid, absent in the pentalophid; observe in 
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wide, and it is nowhere more than 45 mm. deep. The lower face of 

the symphysis is at first flat, but it soon presents two slightly 

diverging keels separated by a sharp furrow (pl. 5, fig. 2). In this 

are seen the openings of several foramina which probably trans- 

mitted nerves and blood vessels to the lower lip.” 

Tyre oF CoRDILLERION DEFLOCCATUS 

Tig. 525.—Type of Anancus defloccatus Hay, 1926.3, Pl. vu, and Pl. vit, fig. 1. One-half natural size. 

Portion of left mandible showing third left inferior molar, 1.M3, also fragment of 1.Mp. 

Pl. vin, fig. 1. 

Crown view of third left inferior molar, 1.M3, with injured grinding surface. After Hay, op. cit., Pl. vi. 

“Where the keels and the ridges bounding the lingual gutter 

meet there is on each side a constricted foramen which opens 

directly backward into the jaw and has a long diameter of 10 mm. 

It seems possible that these foramina represent the sockets of 
vestigial lower tusks; but, as shown by the somewhat injured 

alveolar ridges bounding the lingual gutter, a canal, which probably 

transmitted a branch of the inferior dental nerve, opens into the 

supposed socket through its roof. Possibly the lower portion of the 

openings is all that remains of the sockets. On Figure 3 of Plate 5 

no part of the lingual groove is seen. At the right hand in the 

lower half of the border a part broken away exposes the canal 

which transmitted the dental nerve. In Figure 2 on the left side 

(right in the specimen) the upper dark spot represents this canal 

40 mm. higher up than that taken to be a possible socket. On the 

side of the jaw in front of the second molar are three openings for 

exit of branches of the nerve mentioned.” 

COMPARISON WTIH THE SpEecIES ANANCUS GRATUS AND A. 

BRAZOSIUS.— On pages 12 and 13 of Hay’s communication he com- 

pares his type of Anancus orarius very closely with a tooth from 

Fort Worth, Texas, which he referred to Anancus gratus [Gompho- 

PROBOSCIDEA 

therium gratum]. He now transfers this referred specimen to the 
present species A. orarius and contrasts A. orarius with A. gratus 

(Hay, 1917.1, p. 18, Pls. 11, 1v) as follows (Hay, 1926.3, p. 13): 

“The upper third molar of the type of Anancus orarius differs in 

various respects from that of A. gratus [Footnote: ‘Hay, Bull. 

Univ. Texas, No. 71, 1917, p. 18, pls. 3, 4.’]. A. orarius is a larger 

and more rugged tooth, but that might be due to sex or some other 

condition. It has five crests and a talon; the third valley is blocked 

by buttresses descending from the adjacent crests; there is a distinet 

tendency toward the formation of buttresses on the posttrite ends 
of the crests; on the pretrite side there is, on the front half of the 

tooth at least, a distinct cingulum, and this, at the ends of the 

valleys, expands into large tubercles. In Anancus gratus there are 

only four crests and a hinder talon; the third valley is wide open; 
no buttresses are developed on the posttrite 

ends of the crests; there are no traces of a 

cingulum on the sides of the tooth; and no 

tubercles are developed at the ends of the 

valleys.” 

Hay also compares the 
type of Anancus orarius with 

that of A. brazosius! (op. cit., 
1926.3, pp. 13 and 14) as follows: 

“Anancus orarius differs in 
its lower hinder molar distinctly 

from that of A. brazosius [Foot- 
note: ‘Hay, Pan. Amer. Geolo- 

gist, vol. 29, 1928, p. 112, pl. 8, 

figs 1, 2.’]. The width is 0.45 

of the length; the main cones 

are wedge shaped and the val- 
leys are wide; the buttresses are 

simple and they do not block 

to a great height the valleys. 

In Anancus brazosius the width 
is only 0.40 of the length of 

the tooth; the main cones are 

high and columnar; the valleys are narrow; the buttresses are 

more complicated; and they block the valleys to a relatively great 

height.” 

After Hay, op. cit., 

Cordillerion defloccatus Hay, 1926 

Figure 525 

Probably of Pliocene age. West bank of Aransas River, in San Patricio 
County, near the town of Sinton, Texas. 

From the following description and type figures of the species 
Anancus defloccatus Hay, it appears probable that these types 

should be transferred to the genus and species Cordillerion deflocca- 

tus without further expression of opinion as to the separability of 

this species from those previously described from the United 

States and Mexico, namely, Cordillerion gratum, C. edensis (Texas 

and California), C. tropicus, C. oligobunis, C. oligobunis antiquissi- 

mus, C.(?) oligobunis felicis, C.(?) oligobunis intermedius, and C. 

oligobunis progressus (Mexico). 

Anancus defloccatus Hay, 1926. ‘‘A Collection of Pleistocene 
Vertebrates from Southwestern Texas.’”’ Proc. U. S. Nat. Mus., 

Vol. LX VIII, pp. 14-16 and 18. Typr.—(Op. cit., 1926.3, p. 14): 
“The second mastodon found near Sinton is represented by the 

lReferred by Osborn in the present Memoir to T’rilophodon (?Tetralophodon) brazosius (see p. 374 above). 
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left horizontal ramus and parts of its second and third molars, and 
by the hinder half of the lower right third molar [Nat. Mus. 

11,378]. The individual was one of rather advanced age, as the 
hinder teeth are worn on all the crests.” HORIZON AND 
Loca.iry.—Near west bank of Aransas River, San Patricio County, 
about twenty miles southwest of Refugio, but nearer to the town 
named Sinton, Texas, hence known as the Sinton collection; from 

same locality as the type of Anancus orarius. Probably of Pliocene 
age. Type Ficure.—0Op. cit., Pl. vir, and Pl. vin, fig.1: 

“Plate 7, Fig. 1. Anancus defloccatus. Lower left third molar, 

showing the injured grinding face. Type. X%. Plate 8, fig. 1. 
Anancus defloccatus. Horizontal ramus showing its inner face, the 
symphysis, and the second and third molars. Type. 0.3.” 

Type Description.—(Hay, 1926.3, p. 14): “Name from 

Latin defloccaius, a worn out, rusty old fellow (Ainsworth’s 

Dictionary). 
The horizontal ramus (pl. 8, fig. 1) is quite different from that 

of Anancus orarius, being much lower in front, 150 mm. or less at 

the front of the second molar, instead of 200 mm. as in A. orarius. 

Below this point the thickness is 105 mm. At the rear of the third 
molar the height is 130 mm., the width 180 mm. The symphyseal 
articulation is 135 mm. long and 96 mm. high. The jaw seems not 
to have ended in a beak as in many mastodons. There are three 

mental foramina, all opening near the alveolar border. A small one 

is situated below the hinder border of the front root of the second 
molar, another just below the front border, and a third about 35 
mm. further forward. The second and the third have a diameter 

of about 5 mm.” 
Second molar, estimated width in front 70 mm., at the rear 

100 mm.; only three crests. 
Third molar, estimated length 230 mm., consisting of five 

crests and a hinder talon; width at protolophid 100 mm., at trito- 
lophid 101 mm., at tetartolophid 93 mm., at pentalophid 85 mm. 

Comparison.—(Hay, 1926.3, p. 15): ‘This lower third molar 

must be compared with that of A. [=Cordillerion] orarius. How- 
ever much they differ, however closely they agree, the jaws testify 
that two species are present. It is evident that the molar of A. 
defloccatus had crests less elevated than those of A. [ =Cordillerion] 

orarius. Also there is an evident tendency to the production of 

trefoils on the posttrite side of the crests. The presence of a 

distinct cingulum on the pretrite side of the crown and of the large, 

knoblike prominences at the ends of the valleys distinguish this 

species from A. orarius.” 

Cordillerion bensonensis Gidley, 1926 

Figure 526 

Upper Pliocene. Near Benson, Cochise County, Arizona, west side of the 

San Pedro Valley. 

From the excellent illustration of this species it is quite 

evident that this type is far more closely related to Cordillerion 

andium than to either of the brevirostral genera Anancus or 

Stegomastodon. Consequently we may with confidence refer this 

type specimen (Nat. Mus. 10538) to the genus Cordillerion; it 

belongs with the more primitive division, in which the second 

superior molars are three crested and the third superior molars are 

four crested, with two supplementary posterior conelets represent- 
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ing the pentaloph. The portions of the rostrum are closely similar 

to those of Cordillerion andium and C. edensis, as shown in figure 

523. 

Anancus bensonensis Gidley, 1926. “Fossil Proboscidea and 

Edentata of the San Pedro Valley, Arizona.’’ U.S. Geol. Surv., 

Prof. Paper 140-B, pp. 85, 86. Type.—(Op. cit., p. 85): 

“The greater part of the basal portion of a skull from the posterior 

narial opening forward, including the orbital and zygomatic region, 

and portions of the squamosal and paraoccipital of one side. The 
cheek teeth, except right m?, and part of the alveolar sockets of the 

tusks are also preserved. Part of this specimen was obtained 

through exchange from the University of Arizona, and parts were 

collected by Bryan and Gidley.’’ Nat. Mus. 10538. Hort- 

ZON AND Locauity.—(Op. cit., p. 85): “About 2% miles south of 

Benson, Ariz., in sec. 22, T. 17 S., R. 20 E. . . . Middle or upper 

Pliocene.” Type Figure.—Op. cit., Pl. xxxu. 

Tyre Description.—(Op. cit., 1926, p. 85): “ Molars brachyo- 

dont, semibunodont; m? trilophodont, m* tetralophodont with 

small heel; main cusps of upper molars wearing to trefoil pattern 
in both rows, but this pattern appears earlier and is better defined 

in the cusps of the inner side; lophs relatively low and set at right 

angles to the long axis of the tooth crown; valleys shallow and 

almost completely blocked medially by the accessory buttresses 

of the inner row of cusps; rostrum long, very broad, and but little 

bent down on the plane of the palate, being nearly continuous in 
direction with it, and seemingly correlated with the possession of 

nearly straight tusks; palate rather broad and but slightly arched.” 

Gidley remarks that the present reference of this species to 

Anancus may be considered only provisional; it combines char- 
acters belonging to quite distinct genera. It may be compared with 

the Anancus arvernensis of Europe, the Mastodon andium of South 

America, and the ‘Tetralophodon shepardi edensis’ of California. 
The absence of superior tusks and of the lower jaws in the type 

renders its generic reference uncertain. The principal measure- 
ments (op. cit., p. 86) are: 

Length of second superior molar, M? 125 mm. 
Width of second superior molar, M* (middle 

loph) 88.5 
Length of third superior molar, M* 191 

Width of third superior molar, M®* (second loph) 99 

Estimated diameter of the tusks 130 
Basal length of skull from postnarial notch 

forward 815 

Rererrep Tusk.—(Gidley, 1926, p. 85, footnote): “Among 

other specimens obtained is a mutilated tusk from the Benson 

locality. This tusk seems with little question to belong to the 

species of mastodon here described. If so, it entirely corroborates 

the statement made above, for it is sufficiently well preserved to 

show that it was about 4 feet long and about 4 inches in diameter 

and that it is of the nearly straight, twisted variety and possesses 

a wide band of enamel extending along nearly its entire length. 

This tusk was found at approximately the same level as that from 

which the type specimen was taken and only a few hundred feet 

distant from it. Its form agrees exactly with that of the alveolus 

in the type of Anancus bensonensis.” 
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Type or CoRDILLERION BENSONENSIS 

One-eighth natural size 
Fig. 5 

a fragment of the left squamosal. After Gidley, 1926, Pl. xxxu. 

PROBOSCIDEA 

526. Palatal (a), superior (b), left lateral (c), and anterior (d) aspects of the fragmentary 
type cranium of Anancus bensonensis Gidley, 1926 (Nat. Mus. 10538), including parts of the orbit and 

Osborn, 1931: This excellent type figure of Cordillerion ben- 

sonensis Gidley, reduced to one-eighth natural size, should be com- 

pared with figure 523, type of Cordillerion edensis Osborn, reduced 

to one-tenth natural size, especially as to the structure of the 

The two illustrations agree very closely, and if on closer 

comparison they are found to coincide 

in detail, the species Anancus benson- 

ensis Gidley, 1926, would become a 

synonym of the species Dzbelodon 

[= Cordillerion] edensis Osborn, 1922. 

This would be fortunate, as it would 

afford the much desired knowledge of 
the structure of the superior grinding 

teeth shown in figure 526a; these 

grinding teeth and the palate may in turn be 

compared with those of Cordillerion andiwm 

shown in figure 528A (palate). The third 

superior molar of C. bensonensis (Fig. 526a) 

is more primitive than that of C. andiwm of 

Tarija (Amer. Mus. 26984). The relative 
dimensions of the superior and inferior grind- 

ing teeth in these two specimens are as follows: 

CoMPARISON OF SupEeRIOR Mo.ars 

M2 M* Tusks 

ap. tr. 1 0 a 1 1 

Cordillerion ben- 

sonensis type 

(Nat. Mus. 

10538) 125 88.5 191 99 

Diameter of 

tusk 130e 

Cordillerion andiwm 

(Amer. Mus. 

26984) r108" fa) TiAl 

15103) Ze lel ees 

Cordilleriongratum 113 83 178 87 

ComPARISON OF INFERIOR MOLARS 

M, M; 

ap. tr. ap.” tr. 

Cordillerion de- 

floccatus type 110e 100e 230e 101 

Cordillerion oligo- 

bunis antiquis- 

simus type 1552 

Cordillerion oligo- 

bunis progres- 

sus type 186 = 74 

Cordillerion orarius 125e 90 223 95 

Cordillerion andium 

(Amer. Mus. 1106 69 1159 76 

26985) r.165 76 

~————' 



4. NEW KNOWLEDGE OF CUVIERONIUS AFFORDED BY RECENT DISCOVERIES IN 
BOLIVIA (TARIJA) AND IN ECUADOR (NEAR PUNIN AND ALANGASI) 

The above Section II, 3, of the present chapter, “Systematic Revision of the Genus Cordillerion and its Included 
Species up to the Year 1927,” covering the 120-year period from Cuvier’s Mastodon andium (1806-1824) to Gid- 
ley’s Anancus bensonensis (1926), reveals on the one hand the wonderful extension of our knowledge, on the other 
how much remains to be discovered and studied monographically before our knowledge of the anatomy and 
history of these remarkable mountain-loving bunomastodonts is complete. 

The present Section IT, 4, may be devoted, therefore, to the knowledge afforded by the recently discovered 

erania of Tarija, Bolivia, of the Quebrada [canyon] of Chalang near Punin, and of the Quebrada of Cachihuayeo 

near Alangasi, also by the unique skeleton associated with the Alangasi cranium, and by the announcement 

of Dr. Fr. Spillmann and Dr. Max Uhle that these animals survived in Ecuador into the early historic period 

of human occupation, namely, about 1800-1600 years ago. 

The new species described by Spillmann are: 

Tetrabelodon (Bunolophodon) Ayora, 1928-1931, Quebrada [canyon] of renee 

near Punin, Province of Chimborazo, Ecuador. . a ....=Cuvieronius ayore of the present Memoir 
Bunolophodon postremus, 1928-1931, Quebrada (anyon of Cachihuayco near 

Alangasi, Province of Pichincha, Ecuador. . Leet ceseetsseseeesaaeeees =Cuvieronius postremus of the present Memoir 

The important discovery of ‘Bunolophodon’ 

postremus near Quito, Ecuador, as communicated to 

the Paleontological Society of Budapest, September- 

October, 1928, and published in the Palaeontologische 

Zeitschrift, Band II, July 22, 1929, following a prelim- ss 

inary communication in “Natur und Museum,” Heft 

2, 1929, adds not only to our knowledge of the complete 

associated skeletal characters of Cuvieronius, as repre- ae 
° 

Die Quebrada von Chalang in den Bergen von Licto. 

Fig. 527. Locaviries or Masropont Discoveries iN EcuADoOR, IN THE 

Canyon or CHALANG, NEAR PuNIN, Province oF CHIMBORAZO. 

After Spillmann, 1931, p. 9 

(Upper) Canyon of Chalang in the Cerro de Licto, which yielded 

the type of ‘B.’ [Cuvieronius] ayorx Spillm. (Spillmann, 1931, p. 67): “Der 

eine, bestehend aus einem fast kompletten Schiidel und diversen Extremi- 

tiitenknochen, stammt aus der Quebrada von Chalang, nahe dem Indian- 

erdorfe Punin, in der Provinz Chimborazo. Die geologischen Verhiiltnisse 

dieser Fundstelle habe ich schon Eingangs erwiihnt, das Alter dieses Fossils ist 

pleistocaen. . . . Aus den pleistocaenen Schichten der Tuffe von Chalang, 

liegt mir ein fast vollstiindiger Mastodonschiidel, ebenso diverse Skelett- 

knochen desselben Individuums vor.” 
Geologisches Profil der Quebrada von Chalang. 

(Lower) Geologic profile of the Canyon of Chalang: (1) Syenite, (1) L Syenite, Il. Kristallinische Schiefer, tll. Eeaclomate IV. 
A Yt ained sf p. (Vv re Feinkérn: Sandstein, V. Jungvulkanische Tuffe, Lapilli- 

crystalline slate, (11) conglomerate, (ry) fine-grained sandstone, (¥) recent . wee ca Ww fol, fi 4 Backlonl; aux Poedlan 
volcanic tuff, (vr) Lapilli beds, (vir) waterfall, a-b, xxx fossil layers. 
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A-C. SUPERIOR AND PALATAL VIEWS 
OF TARIJA AND ALANGASI CRANIA CORDILLERION ANDIUM 

A. Rererrep CRANIUM oF CoRDILLERION 

ANDIUM, TARIJA, BOLIVIA 

One-tenth natural size 

Fig. 528. Superior and palatal views of 

cranium, Tarija, Bolivia, collected by E. S. 

Riggs, Field Museum Expedition of 1926 (Field 

Mus. P.13643), presented in exchange, 1929, 

(=Amer. Mus. 26984); right superior tusk pre- 

served, left superior tusk restored. Observe 

single internal trefoils; that r.M? agrees closely in 

character and size with Cuvier’s type of ‘ Masto- 

don’ andium (Fig. 529B) the genotypic species 

of Cordillerion Osborn. 

B. Cuvier’s Tyre or Mastoponts pes Cor- 

DILIERES FROM NEAR Quito, Ecuapor, 

Humpoipt CoLiEecTion 

Fig. 529. Cuvier’s type figure of Mastodonte 

des Cordilieres, 1806; ‘Mastodon’ andium, 1824. 

An r.M?, reduced to one-fifth natural size. Ob- 

serve that Cuvier’s type of ‘Mastodon’ andium 
was recorded by Humboldt as having been found 

near Quito, Ecuador, and that it agrees very 

closely in character and size with r.M? in Amer. 

Mus. 26984 (see adjoining Fig. 528). 

C. Typr Cranium or BunotopHopon [=Cuvy- 

IERONIUS] POSTREMUS SPILLMANN, 1929, 1931 

‘Mastropon OF ALANGASI,’ 

Ecuapor. Mus. Univ. 

Cent. Ecuapor 

One-tenth natural size 

After photographs retouched. Compare Spill- 

mann, 1929.2, Abb. 3, 4, also 1931.1 

Fig. 530. Cranium discovered by Fr. Spill- 

mann, April, 1928, 13 km. east of Quito, near the 

Indian village of Alangasi (Spillmann, 1929, p. 

171): “ein vollstindiges Skelett eines Masto- 

donten auf primiarer Lagerstitte, vergesellschaf- 

tet mit Tonscherben, Feuerstellen und Lanzen- 

spitzen, als Beweis der Anwesenheit des 

Menschen und seiner Beziehungen zu jenem sub- 

fossilen Tier. Den ausfiihrlichen Fundbericht 

mir vorbehaltend, beschrinke ich mich hier auf 

die wichtigsten Tatsachen: Die geologischen 

Verhiltnisse der Fundstelle liegen sehr einfach 

und klar. Die weitverbreiteten, michtigen vul- 

kanischen Tuffe, die bekanntlich in ihren unter- 

sten Schichten die Reste einer pleistoziinen Fauna 

enthalten, bilden hier die Unterlage eines blauen 

Tones von ungefihr 1,5 m Stiirke. Dieser blaue 

Ton ist nur eine Ortliche Ablagerung fluviatiler 

Natur auf einer 2 m hohen Terrasse am linken 

Ufer des kleinen Fliisschens Cachihuaco.”’ 

(Spillmann, 1931, p. 67): “Der zweite Funde 

[‘B.’ postremus] wurde bei dem Dorfe Alangasi, 
13 km. éstlich von der Landeshauptstadt ge- 
macht, wo ich ein fast komplettes Skeletbergen 

konnte. Das Alter dieses Fundes konnte ein- 

wandfrei festgestellt werden, da zusammen mit 

diesem Mastodon menschliche Artefakte, wie 

Topfscherben und Feuerstellen gefiinden wur- 

den.” Compare full description and figures on 
‘MASTODON AUS ALANGASI* (ECUADOR) page 585. 

CUVIERONIUS POSTREMUS Type 

568 
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sented in the new and rather primitive species ‘Bunolophodon’ postremus (MS.., letter from Dr. 
1930), but presents extremely important evidence of the survival of Cuvieronius into the 

Spillmann, June 6, 

period of human occupa- 
tion of Ecuador. These facts were presented before the Twenty-third International Congress of Americanists, Sep- 

tember, 1928, by Dr. Max Uhle, under the title “Spiite 

Mastodonten in Ecuador,” practically at the same 

time as Doctor Spillmann’s communication to the 

Paleontological Society of Budapest, September- 

October, 1928. As fully set forth below, the dis- 

covery of this locality 13 km. east of Quito was made 

by Doctor Spillmann in April, 1928. 

ADDITIONAL CRANIAL AND DENTAL CHARACTERS 

OF CORDILLERION AND CUVIERONIUS 

The accompanying illustrations (Figs. 528, 529, 

530, 531, 532, 533, 534, 535), partly reproduced 

from Carette’s Memoir of 1919, partly from Spill- 

mann’s papers of 1929, 1931, and partly original 

from the new Tarija cranium (Amer. Mus. 26984, 

26985), are especially assembled to display more 

clearly than has been done before the superior, the 

palatal, and the lateral aspects of the cranium, 

tusks, and grinding teeth in the juvenile (Fig. 530) 

and in the mature (Figs. 528, 532A) stages of these 

two genera. 

Fig. 531. Cuvieronius Grinpinc Teets AND Tusks, Type AND 

REFERRED 

After Carette (1919, Liam. x1, x11), one-third and one-twentieth 

natural size respectively 

GrinpinG TEETH. Supero-internal trefoils larger and more worn; in- 

fero-external trefoils larger and more worn. 

6, Referred third superior molar, r.M°, of Cuvieronius humboldtii. 
Double trefoils, 4's ridge-crests. [=C. superbus.] 

7, Referred third superior molar, 1.M°, of Cuvieronius superbus. 

Double trefoils; 4! ridge-crests. Compare Cabrera, 

1929, fig. 29 (Fig. 561 of the present Memoir). 

8, Referred convexo-concave third inferior molar, |.Ms, of 

Cuvieronius platensis. 54 ridge-crests. Compare 

Cabrera, 1929, fig. 16 (Fig. 560 of the present Memoir). 

9, Referred biconvex third inferior molar, |.M3, of Cuvieronius 
platensis. 54 ridge-crests. 

10, Fragment of referred inferior molar of M. [Notiomastodon| 

argentinus. 

Tusks. 

3, Type incisive tusk of Cuvieronius rectus, after Ameghino, 
1889 (in Carette). 

4, Type incisive tusk of Cuvieronius superbus (cf. C. bonaerensis 

Mor., 1888], after Ameghino, 1889 (in Carette). 

5, Referred tusk of Cuvieronius humboldtii, after Ameghino, 

1889 (in Carette). [=C. platensis.} 
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Ripce-Crests.—The reproduction of Cuvier’s type second superior molar (Fig. 529B) is placed side by side 
with the corresponding r.M’ of the Tarija cranium (Fig. 528) and of the Alangasi cranium (Fig. 530), thus firmly 
establishing Cuvier’s classic type description. The crown enamel ridges of the superior (Figs. 528, 530) and in- 

PRIMERA REUNION Nacronat §, A. C. N. : TucumAn, 1916 LAMINA XI 

CORDILLERION ANDIUM 
Amen /7us. Skull 26984 

Jaws 26985 

ferior (Fig. 532A) molars are purposely 

retouched in white the better to display 

the characteristic ridge-crests of M!, M?, 

M*, and of M., M;. Contrary to the 

usual principle, M; is somewhat less pro- 

gressive than M?*; also in M! (Fig. 530) 

the anterior ridge-crest is imperfectly 

developed. The ridge formula seems to 

be as follows: 

M12 M23 M3 4 

CoMPARISON OF TUSKS AND ENAMEL 

Banp.—The tusks of the young Alangasi 

male (Fig. 530) are relatively short and 

robust, without enamel band, less widely 

divergent. The tusks of the Tarija male 

(Fig. 528) are divergent, outcurved and 

slightly downcurved (Fig. 532A), with an 

exceptionally narrow enamel band. 

Fig. 532. A-C. Laterat Views or Cranra or CorpiL- 

LERION (A, B) AND oF CuviprRontius (C) 

(B) After Nordenskidéld. (C) After Carette. (A) Osborn 
original 

B, Cordillerion andium. Incomplete cranium from 
Tarija, with long incisive tusks, slightly upturned at ex- 

tremities, spiral enamel band. After Nordenskidld 

(Carette, 1919, Lim. x1, fig. 1), one-twentieth natural 

size. Same male cranium shown in figure 507 of the present 

Memoir. 

C, Cuvieronius bonaerensis [=superbus] type. Lower 
Pampean. Restored male cranium from Arrecifes, Proy- 

ince of Buenos Aires, Argentina, with long, straight, and 
slightly inecurved incisive tusks, without enamel band. 

After Carette, 1919, Lam. x1, fig. 2, one-twentieth natural 

size, as Dibelodon platensis. Same cranium shown in 

figure 542 of the present Memoir as the type of Mastodon 

[Cuvieronius| bonaerensis Moreno; by Cabrera (1929) 

referred to Stegomastodon platensis (see p. 579 of the present 

Memoir). 

A, Cordillerion andium. Referred male cranium from 

Tarija, Bolivia (Amer. Mus. 26984). The superior and 

palatal aspects of this cranium are shown in figure 528A 

to the same one-tenth scale. Jaws of another individual 
(Amer. Mus. 26985). Observe unworn external trefoils in 

Msg, infero-external trefoils larger, more worn, tetralopho- 

dont, plano-convex; rostrum pointed, extreme length 672 
mm. Third right inferior molar, r.M3, 165 X 76 mm. 

(Amer. Mus. 26985); third right superior molar, r.M°, 

167 X76 mm. (Amer. Mus. 26984). 



: 

| 
] 
4 

} 
: 

CRANIA OF CORDILLERION AND CUVIERONIUS 571 

ComPaRISON OF CrantA.—The facio-premaxillary region of the young Alangasi cranium (Bun. [=Cuvieronius] 

postremus—Fig. 530) is more elongate and relatively narrower than that of the adult Tarija cranium (Fig. 

528A) in which the facio-premaxillary region is relatively shorter and broader. All the Cordillerion crania (Figs. 

528 and 532A, B) and the cranium of Cuvieronius postremus (Figs. 530C, 551) are much smaller and shallower than 

the cranium of Cuvieronius bonaerensis (Fig. 532 C). 

TypE CRANIUM AND SKELETON OF ‘BUNOLOPHODON’ [=CUVIERONIUS] POSTREMUS OF ALANGASI, EcuADOR, 
AND Type Cranium oF ‘B.’ [=CuvieRoNrus|] AYoRa OF Puntin, Ecuapor 

The above illustrations of the Alangasi cranium (Fig. 530C) may be supplemented by photographs of the 

unique type skeleton (Fig. 533), also by the following citations from Spillmann’s original description (1929) of the 

discovery of the ‘Mastodon aus Alangasi’ which he presented before the Paleontological Society of Budapest, 

September—October, 1928, and from his letters dated Quito, June and July, 1930, referring as well to his species 

‘Bunolophodon [= Cuvieronius| Ayora’ of 1928. 

Spillmann, 1929.2, pp. 171-177. Compare Spillmann, 1931, pages 73-76 

Im April dieses Jahres fand ich ungefihr 13 km Gstlich der Landeshauptstadt Quito bei dem kleinen Indianerdorfe 
Alangasi, ein vollstindiges Skelett eines Mastodonten auf primirer Lagerstiitte, vergesellschaftet mit Tonscherben, Feuer- 
stellen und Lanzenspitzen, als Beweis der Anwesenheit des Menschen und seiner Beziehungen zu jenem subfossilen Tier. 
Den ausfiihrlichen Fundbericht mir vorbehaltend, beschranke ich mich hier auf die wichtigsten Tatsachen: 

Die geologischen Verhiltnisse der Fundstelle liegen sehr einfach und klar. Die weitverbreiteten, michtigen vulkanischen 
Tuffe, die bekanntlich in ihren untersten Schichten die Reste einer pleistoziinen Fauna enthalten, bilden hier die Unterlage 
eines blauen Tones von ungefihr 1,5 m Stirke. Dieser blaue Ton ist nur eine 6rtliche Ablagerung fluviatiler Natur auf einer 
2m hohen Terrasse am linken Ufer des kleinen Fliisschens Cachihuaco. Dieser jungfluviatilen Tonschicht liegt das erwaihnte 
Mastodon-Skelett auf; bzw. es ist teilweise durch sein Gewicht in den Ton eingedriickt. 

Das Mastodon lag auf seiner linken Seite, den Kopf erhoben mit weitgeéffnetem Maul, die Extremititen weit von sich 
gestreckt. Rings um das Skelett fanden sich Feuerstellen in unmittelbarer Beriihrung mit dem Tiere wie auch in der Bauch- 
hohle selber vor. Durch das miichtige Feuer, das die Jiiger jenes Riesen angemacht hatten, um ihn zu braten, ist der Ton 
um das Tier herum hart gebrannt, wodurch er ziegeliihnliche Form und Farbe angenommen hat. Die Knocken des Skelettes 
zeigen an sehr vielen Stellen Verkohlungen, was die Konservierung des Fundes sehr erschwerte. . . . 

Die Untersuchung der Tonscherben hatte nun das ganz iiberraschende Ergebnis, dass sie einer primitiven Kultur zuge- 

zaihlt werden miissen, jedoch mit stark majoiden Kultureinfliissen. Die Archiiologen sind so weit gegangen, dass sie das Alter der 

Scherben, die mit jenem Mastodonten vergesellschaftet waren, auf 1600 bis 1800 Jahre geschitzt haben. 

Um das Bild der Fundstelle zu vervollstiindigen, erwihne ich weiter, dass das Deckmaterial sekundir eingestiirzten Erd- 

reiches von einer hoheren Terrasse stammt, was auf den ersten Blick aus dem Material selbst zu erkennen ist. Die Fundstelle 

umfasst eine Fliche von 60 qm, ist also sehr lokalisiert. Diesem kurzen Fundbericht will ich noch einige bemerkenswerte 

Finzelheiten beifiigen. So fand ich z. B. in der Gegend des Beckens, wo das Rektum zu liegen kam, eine gréssere Menge 

von sehr gut erhaltenen Kotballen von ungefihr 18 em Durechmesser, kugelrunde Ballen von der Konsistenz des Pferdekotes. 

Von grésserer Bedeutung sind die Verletzungen am Schiidel des Tieres, die nach den Gutachten von Fachleuten nur durch spitze, 

lanzenformige, harte Gegenstiinde, hervorgerufen sein kénnen. Es ist daher ziemlich einwandfrei, dass fiir derartige Ver- 

letzungen bloss die Steinlanze in Betracht kommt. Wir sehen somit, dass man dem Riesentiere wohl mit der Steinlanze 

nachgestellt hat, dass diese aber nicht ausreichend war, um das Tier zu téten, da die Verletzungen verheilt sind. 

Man kommt also zu der Frage, wie eigentlich das Tier von jenen Jiigern getétet wurde. Auch dariiber gibt mein Fund- 

bericht Aufschluss. Das Skelett befand sich in vollstindigem Verband. Nur die Halswirbelsiule zwischen Epistropheus 

und dem ersten Brustwirbel wies eine Zertriimmerung auf; es lag auf dieser Stelle ein runder Stein von ungefiihr 40 em Durch- 

messer, der von den Jiigern aus der héheren Terrasse auf das in die Schlucht getriebene Tier niedergeschleudert wurde und 

ihm den Todesstoss versetzte. Denn obgleich die Halswirbel zertriimmert waren, befanden sie sich doch in ihrer urspriing- 

lichen Lage, was eine postmortale Zertriimmerung ausschliesst. Um das Tier auch von der Unterseite her zu braten, haben 

die Jiiger das getétete Tier mit dicken Stangen am Becken zu heben versucht, was ihnen aber bloss zum Teil gelungen war, 

da die Hebestangen abbrannten und so der niederfallende Korper das Feuer unterdriickte und die nur zum Teil verkohlten 

Stangen bedeckte. 
An dem sonst vollstindigen Skelette fehlen die rechten Rippen vollkommen, was ich mir dahin erklire, dass dies eben die 

Teile waren, die von den Jiigern verzehrt wurden, wiihrend die iiberbleibenden Knochen weggeworfen wurden. Im Tone 

konnte ich auch den naturgetreuen Abdruck des Abdomens und des Brustkorbes feststellen und messen. 

Bei der Bearbeitung des Materials nach seiner Bergung kam ich auf weitere interessante Beweise fiir die Anwesenheit 

des Menschen. Es sind dies die schon erwihnten verheilten Verletzungen an der rechten Seite des Hinterschidels ( Abb. 2), wo 

die eine 2 cm, die andere 6 cm von der Occipitalcrista entfernt liegen. Die niher gelegene Verletzung hat einen fiusseren Durch- 

messer von 27 und 25 mm, der Fistelkanal 10 zu 11 mm. Der Aussenrand dieser Verletzung ist ringsherum mit Kallus- 

bildungen tiberzogen, so dass die Rinder der Verletzung abgerundet baw. wulstig erscheinen. An dem Rande gegen das vordere 

Ende des Kopfes hin erkennt man in dem Kallus einen Schnitt der von der eindringenden Lanzenspitze herriihren diirfte. Der 
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Fistelkanal ist sehr tief, da er in eine Luftkammer einmiindet. Die zweite Knochenverletzung zeigt mit weit mehr Deut- 
lichkeit die Verletzungsursache. Quer durch dieselbe geht ein tiefer Schnittkanal von 50 em Linge, dessen Wande sich an der 
Basis in einen spitzen Winkel treffen, somit einen deutlichen Abdruck dessen ergeben, was die Verletzung hervorgebracht hat, 
nimlich der Lanze. In diesem Falle misst der Fistelkanal 21: 23 mm an seinem dusserem Rande und 12:12 mm im Kanale 
selbst; seine Tiefe ist 25mm. Auch an dieser Verletzung sind starke Kallusbildungen nachzuweisen. Die beiden Verletzungen 
sind 5 em voneinander entfernt, die Schnittkandle, also die eigentlichen Verletzungen, werden gegen die Mitte zu immer tiefer. 

Wir sehen daraus ausserdem, dass eine nicht mehr ganz primitive Kulturstufe notwendig war, um grosse Tiere ausrotten 
zu konnen. Ich verweise auf das Mammut Europas, das daher im Magdalen ausgerottet werden konnte, wihrend leichter 
jagdbare Tiere vielleicht schon friiher zum Aussterben gebracht wurden. f 

Was nun das Mastodon selber betrifft, so sei hier auch nur eine kurze Beschreibung gegeben. 

Das Skelett ist derart vollstiindig, dass sich jedwede Untersuchungen und Messungen anstellen lassen. Da es mir an Literatur sehr mangelt, 

so habe ich es vorgezogen, jenen Mastodonten aus Alangasi mit einem von mir schon friiher gefundenen Mastodon-Schidel zu vergleichen, der eben- 

falls fast vollstiindig ist und der in den Schichten gefunden wurde, die man als pleistoziin angenommen hat. Bei diesem Vergleiche kamen sehr interes- 

sante Ergebnisse zutage, die uns abermals einen Beweis erbringen, dass es sich bei dem Mastodon aus Alangasi tatsichlich um ein viel héher 

spezialisiertes Exemplar handelt. Fiir die Nennung von Zahlen ist hier nicht der Ort; es seien nur die wichtigsten Unterschiede kurz angegeben. 

Wir finden weitgehende Verschiedenheiten am Schidel, im Verhiltnis des Kranialteiles zum Visceralteil. So fand ich am geologisch ilteren 

Schiidel einen kleineren, resp. kiirzeren und schmileren Hinterschidel, wihrend der Gesichtsteil viel linger ist. Dass diese Unterschiede nicht 

gering sind, zeigen uns die Zahlen. Bei der Form aus Riobamba, der geologisch Alteren Form, misst bei gleicher Schidelbreite von 52} cm der 

Abstand von der Occipitalcrista bis zur Spitze des Riisselfortsatzes 27 cm, bei der Alangasi-Form aber 31 em. Der Abstand von der Spitze des Riissel- 

fortsatzes bis zum Vorderrande der Nasalen dagegen misst bei der primitiveren Form 65 em, bei der Alangasi-Form aber nur 59 em. Auch die 

Form des Schiidels im allgemeinen ist sehr verschieden; so zeigt uns das Mastodon aus Alangasi ein viel steileres Gesamtprofil und die Nasalen 

steigen gegen ihr vorderes Ende zu mehr nach aufwiirts, an ihrem Ubergange formlich eine Mulde bildend. Das Profil des Mastodonten aus pleis- 

toziinen Ablagerungen dagegen ist mehr geradlinig; denn es fehlt jene Abknickung der Nasalen und die Mulde, die die Alangasi-Form bezeichnet. 

Die Stossziihne reichen bei der Alangasi-Form viel weiter unter die Ebene der Kauflache, was durch den Profilwinkel bedingt wird. Auch die 

Form der Zihne, besonders der Stossziihne, auf die friihere Autoren so grossen Wert legten, ist bei der von mir zuletzt gefundenen Form sehr be- 

zeichnend. Der Umfang der Stossziihne ist bei dem Mastodon aus Alangasi bedeutend grdésser als bei der ailteren Form aus Riobamba, wie auch die 

allgemeine Gestalt der Stossziihne bei beiden Formen sehr variiert. Verschieden von der Form Bunolophodon andium sind die Stosszihne bei den 

von mir gefundenen Formen, denn sie sind geradlinig und weisen bloss eine einfache Kriimmung nach oben auf, wihrend bei der Form andium eine S- 

formige Kriimmung bei spiralférmiger Drehung zu sehen ist. Die Stosszahne sind aber bei der Alangasi-Form weit mehr seitlich abgeflacht und ihr 

vertikaler Durchmesser weit grésser. Einige Masse erlaiutern dies besser. Die Verhiltniszahl vom vertikalen zum horizontalen Durchmesser ist 

z. B. bei einer Entfernung von 20 em von der Spitze bei der iilteren Form 9:6}, bei der jiingeren Form 9,7 : 9,6, dagegen 60 em von der Spitze 

beim Mastodonten von Alangasi 17,5: 11,5 und bei der pleistozinen Form aus Riobamba 13,4: 11,6. 

Spillmann, letter, June 6, 1930 

Zurueckkommend auf den Inhalt Ihres Schreibens, sende ich Ihnen gleichzeitig mit dieser, auch das Separatum meines 
Vortrages vom Palaeontologenkongress von Budapest aus dem Jahre 1928, das den vorlaeufigen Bericht ueber Bunolophodon 
postremus aus Alangasi in Ecuador enthaelt. Die monographische Beschreibung der von mir gefundenen zwei neuen Mastodon- 
formen, erfolgt in kuerzester Zeit und befindet sich das Manuskript fast druckfertig zum Absande bereit. 

MUS.UNIV. CENT,QUITO ' CUVIERONIUS POSTREMUS Type 

SKELETON OF CUVIBRONIUS POSTREMUS SPILLMANN, 1929-1931 

Fig. 533. Skeleton of ‘Bunolophodon’ postremus Spillmann (Mus. Univ. Cent. Ecuador), about one-twentieth natural size. After Spillmann, 1929.2, 
fig. 1. Compare type cranium, one-tenth natural size, in figure 530, also in figure 551. 

The skeleton is remounted as nearly as possible in the position in which it was originally found, namely, lying on its left side, the head raised, with 
widely opened mouth, and the extremities extended, as fully described with a number of measurements in the accompanying abstract of Spillmann’s article 

(1929.2, pp. 171-177). 



CRANIA OF CORDILLERION AND CUVIERONIUS 573 

In dieser vorgenannten Arbeit, konnte ich den Beweis erbringen, dass die von mir gefundenen Mastodonten tatsaechlich 
zwei ganz verschiedenen Species angehoeren, verschieden von B. Andium und ebenso B. Humboldtii sei es im Bezug auf die 
Form als auch auf ihre relativen Masse. Die von mir als B. Ayorae beschriebene Form stuende himit ungefaehr zwischen den 
beiden von Ihnen genannten, waehrend die phylogenetische Stellung von B. Postremus die von B. Humboldtii weit uebertrifit. 

B. Ayorae ist pleistozaen waehrend B. postremus praehistorisch. 
Kinen Jagdplatz den ich vor kurzer Zeit ausgegraben habe, der nach M. Uhle der selben Zeitperiode angehoeren duerfte wie 

der eben erwaehnte Mastodonfund von Alangasi, beinhaltet ausser der Form B. postremus ebenfall Neohippus Andium und 
Mylodon robustus Ow., neben einer Unzahl von Scherbenresten, wodurch ich auch den Beweis erbringen konnte, dass dieser 
Equide auch praehistorischen Alters ist. 

Leider haben wir hier in Ecuador nicht die hinreichenden Mittel, alle meine Studien zu publizieren, so dass noch sehr 
wenige veroeffentlicht werden konnten. 

Spillmann, letter, July 2, 1930 
Die andere neue, von mir beschriebene Form, die Sie in Ihrem Manuskripte als Mastodon vom Chimborazo aus der 

Arbeit von Boule zitieren, ist aber ebenfalls ein Cuvieronius und wurde von mir als Bunlophodon Ayorae beschrieben. Diese 
letztere Form stellt einen entwicklungsgeschichtlich primitiveren Typus dar als mein B. postremus, wie ich dies in einer 
vergleichenden Beschreibung beider Formen beweisen konnte, da beide Formen an Hand eines fast vollstaendigen Schaedels, eine 
genuegende Unterlage darboten. 

Unfortunately the manuscript of the promised Memoir! on ‘Bunolophodon’ postremus and ‘B.’ Ayorx, together 

with measurements and full description of the skeleton, was partly destroyed by fire in the buildings of the 

University of Ecuador, thus Doctor Spillmann’s detailed observations on ‘Bunolophodon’ postremus and final 

conclusions and measurements were not received in time to fully include them in the present chapter. 

Osborn, 1931: The substance of the above letters covers ten principal points (1-10), as follows: 

(Spillmann, June 6, 1930) In my monographie description (subsequently partly destroyed by fire) the two 

mastodonts actually represent two wholly different species, distinct both in form and in relative size from Buno- 

lophodon andium as well as from B. humboldtii. (1) The stage described as B. Ayorx stands approximately inter- 

mediate between the above Cuvierian species, while the phylogenetic rank of B. postremus far surpasses that of 

B. humboldtii. (2) In geologic age B. Ayore is Pleistocene, while B. postremus is prehistoric. (3) Belonging to the 

same prehistoric age is a hunting place that I have recently excavated which, according to Doctor Uhle, is refer- 

able to the same prehistoric age as the B. postremus of Alangasi. Besides B. postremus this hunting place contains 

Neohippus andium, also Mylodon robustus Owen, in addition to a number of pottery remains, which prove that this 

species of horse (NV. andiwm) is also of prehistoric age. 

(4) My monograph will contain all the desired measure- 

ments in comparative form as well as a complete 

description of the crania. 

(Spillmann, July 2, 1930, on receipt of proofs of 

Osborn’s Chapter XII) (5) I believe in a monophyletic 

rather than a polyphyletic evolution of the mastodonts 

of South America out of the ‘M.’ andium type. 

A.M.28293 

Am.28293 wave | 

L.M! of Ecuador 
A.M.2256/ 

CUVIERONIUS AYORA Ref. 

CUVIERONIUS 

AYORA Ref. 

Fig. 535. Cuvieronius ayore ref. Right third inferior molar, r.Ms, 

Fig. 534. Cuvieronius ayore ref. Left superior molar, |.M'(Amer. Mus. and mandible with right and left Me, Mg, in situ (Amer. Mus. 28293), from 

22561), from canyon 10 meters below surface, near Quito, Ecuador; purchased south of Guayaquil, Ecuador. Frick Coll., 1931. My, with 5\4 ridge-crests, 

April, 1930. Narrow; external trefoils Jarge; internal trefoils rudimentary; external trefoils large, internal trefoils rudimentary, as in figure 534, 240X101 

121 X79 mm. mm. Molar one-fourth, mandible one-eighth natural size. 

'1Spillmann, Franz, “Die Siiugetiere Ecuadors im Wandel der Zeit,’ Quito, 1931, Erster Teil, 112 pages, 25 figures. This invaluable Memoir fully 

confirms and extends our paleontological knowledge by these epoch-making discoveries, including the fauna of the Pleistocene of Ecuador. 
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(6) According to the Osborn nomenclature the Bunolophodon postremus of Ecuador should be designated, how- 

ever, as Cuvieronius rather than as Cordillerion, a species which survived into the Christian era as a hunting 

object of the primitive Indian people. (7) The other new species that I have described [A yore], which includes the 

“Mastodon von Chimborazo”’ [Dr. Proano’s specimen] cited from Boule, is certainly a Cuvieronius and was 

described by me as Bunolophodon Ayore; this latter stage, B. Ayorz, stands as more primitive than my B. 

postremus, a fact which I can demonstrate in my comparative description of these two species, grounded on the 

almost complete skulls [Figs. 530, 548, 549, 551] which afford full knowledge. (8) In this description Boule’s 

principle is adopted, that we must rely in most cases on the structure of the cranium rather than on the foldings 

(trefoils) of the enamelled teeth; (9) on the other hand, a type, according to the Osborn system designated as 

Cuvieronius, lived on the Cordilleran plateau, a fact in opposition to Boule’s opinion. (10) As expressed in the 

above letters, Spillmann (1930) considers B. postremus as intermediate between B. andiwm and B. humboldti but 

relates both species rather to the Cuvieronius than to the Cordillerion type. Osborn (1931) accordingly provi- 

sionally includes Tetrabelodon (Bunolophodon) Ayore Spillmann, 1928-1931, and B. postremus Sai 1928- 

1931, within the Cuwvieronius phylum of the present Memoir. 

ARCHAOLOGICAL CONFIRMATION BY Dr. Max UH LE (1930).—As noted above, Doctor Uhle was summoned 

to the scene of the discovery of ‘Bunolophodon’ postremus and in his report before the Twenty-third International 

Congress of Americanists, September, 1928, he not only fully confirmed Doctor Spillmann’s observations but added 

full archeological details as to the presence of obsidian flints, carved bone implements, decorated pottery, and 

other evidences of the relatively recent prehistoric age of the Alangasi Mastodon. As to the evidence of fire 

Uhle observes (op. cit., 1930.1, pp. 253, 254): 

Das Feuer hatte aber nicht nur die Reste des Tieres auf allen Seiten umgeben, sondern auch dessen Skelett an den 
verschiedensten Stellen beschaidigt. Brandspuren am Skelett fanden sich an der Hinterseite des Schidels, an verschiedenen 
Seiten des Beckens, am rechten Fusse. Die Schwanzwirbel, dicht eingehiillt in eine harte rot gebrannte Schicht von Lehm, 
waren zum Teil verkohlt. Die letzten drei Wirbel fehlten, als verbrannt, sogar ganz. An ihrer Stelle gewahrte man nur graue 
verbrannte Erde. Uber die Absichtlichkeit der Feueranmachung rund um den Schwanz konnten keine Zweifel entstehen. 
Ebenso war Feuer absichtlich in der Bauchhéhle angemacht worden. Verschiedene Knochen in derselben zeigten Spuren von 
Feuer. Einige der linken Rippen waren angekohlt, das Brustbein sogar vollstiindig verbrannt, jedoch in diesem Zustande 
erhalten. Man wiirde ratlos sein, zu vermuten, aus welchem Grunde an so verschiedenen Seiten des Kérpers Feuer vom 
Menschen angeziindet worden war, wenn nicht auch andere Reste von ihm iiberall in der Feuerschicht gefunden worden wiren. 

Fig. 536. Supposep FiLint Spear HOLES IN THE Occiput OF CUVIERONIUS POSTREMUS. AFTER SPILLMANN, 1929-1931 

Die Verletzungen: 

Die schon erwahnten Verletzungen befinden sich an der rech- 
ten Seite des Hinterschadels; es sind ihrer zwei und liegen seit- 
lich 2, bezichungsweise 6 cm von der Crista occipitalis. Die naher 
gelegene Verletzung hat einen Durchmesser yon 27 und 25 mm, der 
Fistelkanal ist 10 bis 11 mm ttef. Am Aussenrande dieser Kno- 
chenverletzung finden wir ringsherum Kallusbildungen, wodurch die 
Rander mehr abgerundet und wulstig erscheinen. An jenem Rande, 
der gegen das vordere Ende des Kopfes orientiert ist, erkennt manin 
dem Kallus einen Schnitt, der von der eindringenden Lanzenspitze 
hetrithren dirfte. Der Fistelkanal ist sehr tief, tritt aber noch in 
eine Luftkammer ein. Die zweite Verletzung des Schadelknochens 
zeigt mit weit grdésserer Deutlichkeit die Ursache, aus der sie entstan- 
den war. Quer durch dieselbe geht ein tiefer Schnitikanal von 
einer Lange von 50 mm, dessen Wande sich an der Basis in ei- 
nem spitzen Winkel treffen, wodurch sie einen deutlichen Abdruck 
einer Lanzenspitze etkennen lassen. Hier misst der Fistelkanal 2 
bis 23 mm itm Querschnitte, bet einer Tiefe von 25 mm. Auch 
an dieser Verletzung sind starke Kallusbildungen wahrzunehmen. 
An beiden Lanzenverwundungen aber finden wir, dass die Schnitt- 
kaniale gegen ihre Mitte hin immer tiefer werden, bis sie schliesslich 
in den eigentlichen Fistelkanal einmtnden. 



5. SYSTEMATIC REVISION OF THE GENUS CUVIERONIUS UP TO THE YEAR 1935 

HUMBOLDTID&2 fam. nov.' HUMBOLDTINZ& Osborn, 1934 

Original reference: Journ. Mamm., XV, No. 3, August, 1934 (Osborn, 1934.924, fig. 2), name only; Proc. Amer. Phil. Soc., LXXIV 
No. 4, August, 1934 (Osborn,1934.926, fig. 3, and p. 283), included species. : be om 

Typified by Mastodon humboldtii Cuvier, including Cuvieronius, Eubelodon, and Stegomastodon. 
4 — = < . . . 

SUBFAMILY CHARACTERS.—Large superior tusks without enamel, straight or upeurved; molars 
with single, double, or quadruple trefoils; ridge-crests 44% to 74; inferior molar ridge-crests proverted, 
superior ridge-crests transverse, centroverted, or retroverted. Central conules rudimentary or wanting. 

Genus: CUVIERONIUS Osborn, 1923 

Original reference: Amer. Mus. Novitates, No. 99, Dec. 27, 1923, p. 1 (Osborn, 1923.601). 
Genotypic species Mastodon humboldtii Cuvier, 1806 (in Desmarest, 1818). 
Compare Mastothertwm humboldtii Fischer de Waldheim, 1814. 

GENERIC CHARACTERS.—(1) No enamel band on the superior tusks; (2) simple, rounded, outwardly 
and upwardly turned or straight superior tusks, no inferior tusks; (3) double trefoils typical on the 
superior and inferior grinding teeth, grinders broad; (4) rostrum of inferior mandible relatively 
abbreviate; (5) cranium elevated, facial region expanded, as in the true Mastodon, e.g., Mastodon 

| americanus; (6) adaptations chiefly to a plains habitat, the use of the grinding teeth partly for grazing 
| as well as for browsing purposes. (7) Superior ridge-crests (M®*) 44-5; inferior ridge-crests (M,) 4¥-5%. 

(8) Single trefoils and downturned tusks in primitive species (Cuvieronius ayore, C. postremus). As 
observed by Osborn (figured by Cabrera, 1929, pp. 97-112): (9) Superior ridge-crests transverse, 
or retroverted internally (Cuwv. platensis, C. swperbus); inferior ridge-crests proverted internally (Cuv. 
platensis, C. superbus); (10) superior and inferior crowns either plane or curved on external side (Cwv. 
platensis). As observed by Osborn: (11) Stegomastodon related to Cuvieronius by internal proversion 
of ridge-crests (Figs. 578, 579) in the inferior molars (Stegomastodon texranus, S. arizone, Cuvieronius 
platensis); in the superior molars (Fig. 580), transverse internal centroversion (Stegomastodon aftoniz), 
internal retroversion (Cuvieronius platensis). 

—————E— EE —=&@<—<_ << —Co 

As successively described by Cuvier (1806), Gervais (1855), Ameghino (1889), Nordenskiéld (1903), and 

Boule (1920), the characters of the genotypic species Mastodon humboldtii are now thoroughly established. The 

genus Cwvieronius as defined in the present Memoir embraces the following South American species, so far as they 

are known, presenting the above characters in common: 

Cuvieronius humboldtii Cuvier, 1806 (in Desmarest, 1818), 

Chile [? Ecuador] 

Cwvieronius chilensis Philippi, 1893, Chile 

Cuvieronius Brasiliensis Lund (in Lesson, 1842), Brazil 

Cwvieronius platensis Ameghino, 1888, Province of Buenos 

Aires, Argentina 

Cuvieronius superbus Ameghino, 1888, Province of Buenos 

Aires, Argentina 

Cuvieronius bonaerensis [= superbus] Moreno, 1888, Province 

of Buenos Aires, Argentina 

Cuvieronius rectus Ameghino, 1889, Province of Buenos Aires, 

Argentina 

Cuvieronius maderianus Ameghino, 1891, Buenos Aires, 

Argentina 

Cuvieronius pirayuiensis Gez, 1915, arroyo Pirayul, Paraguay 
Cuvieronius ayore Spillmann, 1928-1931, near Punin, Heuador 

Cuvieronius postremus (1928-1931), Alangasi, near Quito, 

Eeuador 

Hisrory.—The weight of Cuvier’s authority has been so great that since 1806 the generic name Mastodon 

was applied by all authors to humboldtii, until Cope proposed (1884.2, p. 2) the ill-fated generic name Dibelodon, 

signifying two-tusker, which he based upon the four-tusker Mastodon shepardi of Leidy. Cope’s practice of includ- 

ing Mastodon andium and M. humboldtii also within the genus Dibelodon was followed by Lull and Osborn until 

Osborn discovered Cope’s error and proposed the generic name Cuvieronius (1923.601). Meanwhile all the 

European authors continued to use Cuvier’s name Mastodon, including Boule in his important Memoir of 1920. 

Remains of Cuvieronius are as abundant in the plains region of Argentina as they are rare in the Andean re- 

gion to the west. Following Cuvier’s description of the type specimen of Mastodon humboldtii, from near Concep- 

‘For name only, see Osborn, 1935.937, fig. 2; for definition, see Appendix to the present Volume I. 
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cion, Chile [?Ecuador], the most important contributions are those of Burmeister (1879-1889), of Ameghino (1888, 

1889, 1891) in proposing a series of new species, and the single contribution of Philippi (1893), naming Mastodon 

chilensis from a type jaw found in the same state as that of Cuvier’s type of M. humboldtii. Boule (1920) errone- 

ously regards Mastodon chilensis as a local race of M. andium; the abbreviation of the jaw relates it rather to 

Cuvieronius humboldtic. 

By far the most valuable morphological description of M. humboldtii is the recent one by Boule (1920) in 

which the profound distinctions between the cranium of M. humboldtii and that of M. andium are clearly brought 

out, as shown in the illustrations reproduced from Boule’s Memoir (Figs. 495-497). Referring to previous com- 

parisons and contrasts between Cuvieronius humboldtii and Cordillerion andium, and combining the valuable 

observations of Boule with those of Nordenskidld, we may again enumerate the chief characteristics and contrasts 

of Cuvieronius as distinguished from Cordillerion: 

Cuvieronius 

(1) Animals more progressive, more elephantine, of 

larger size. 
(2) Facial region of cranium prominent, expanded, with 

air-cell chambers, as in Mastodon and Elephas. 

(3) Tusks relatively large, rounded, upturned or straight, 

with reduced or invisible enamel band. 
(4) Grinders larger, with double trefoils; intermediate 

grinders more progressive, with rudimentary tetartoloph. 

Third grinders, M*-Msg, tetralophodont to pentalophodont. 

Grinders broader and rounder. Trefoils partly single in Cw. 

platensis Amegh., Cuv. rectus Amegh., Cuv. postremus Spillm. 

(5) Mandibular symphysis shorter, more deflected 

downwards. 

(6) Fossil remains found chiefly in the pampas of Buenos 

Aires and in Brazil; more rarely in Chile and the Andean 
region to the north near Quito, Ecuador. 

(7) Central conules inconspicuous or absent. 

Cordillerion 

(1) Animals less progressive, of smaller size, more primi- 

tive in cranial, dental, and limb structure. 

(2) Cranium more depressed; air-cell cavities less ex- 

panded, as in T'rilophodon. 

(3) Tusks relatively longer and more slender, spirally 

formed, with broad enamel band. 

(4) Grinders smaller, with single trefoils, brachyodont. 

Third grinders M’-Ms;, narrow, tetralophodont+. Grinders 

more elongate. 

(5) Mandibular symphysis longer, less deflected down- 

wards; form of symphysis varying with sex; tusks more 

slender in females. 

(6) Fossil remains found chiefly in the high plateaus of 

the Cordilleras; more rarely in the plains and pampean 
region to the southeast. 

(7) Central conules more or less conspicuous. 

CUVIERONIUS HUMBOLDTI, GENOTYPE AND COLLECTIVE SPECIES UP TO THE YEAR 1888 

Genorypic History.—Up to Ameghino’s revision of 1888, Cuvier’s ‘Mastodon’ humboldtii was treated by all 

authors as a ‘collective species’ embracing all Notorostrines with double trefoils. Closer recent analysis shows that 

Cuvier’s imperfect type from Chile! (Fig. 537) and paratype from Bolivia (Figs. 538, 559) are much more primitive 

in the structure of the ridge-crests, especially in M;, than the corresponding parts in the species successively named 

Mastodon platensis Amegh. (1888), M. superbus Amegh. (1888), M. bonaerensis Mor. (1888), M. maderianus 

Amegh. (1891), all based on superior tusks. The M® referred to M. rectus by Ameghino in 1889, however, is much 

more primitive than the M. humboldtii type. 

Pending monographic revision, therefore, Mastodon humboldtii from the west coast may be regarded as a 

relatively more primitive molar stage than the two east coast species widely prevailing in Argentina, namely: M. 

platensis and M. superbus. 

Cuvieronius humboldtii Cuvier, 1806 (in Desmarest, 1818) 

Figures 80, 537-539, 559 

Pleistocene. Near Concepcion, Chile.' Syn.: Mastodonte humboldien Cuvier, 
1806; Mastodon humboldtii Desmarest, 1818; Mastodon humboldii Cuvier, 

1824; Dibelodon humboldtii Cope, 1884. 

We are unable to locate any passage in von Humboldt’s “Vues 

des Cordiliéres” of 1810-1813, or in his other available writings, in 

which he refers to the locality! where he discovered the type of the 
species subsequently named after him by Cuvier and Desmarest. 

Cuvier’s description of this classic species in 1806 as “la plus 

petite, Mastodonte humboldien,”’ immediately follows on the same 

page (1806.3, p. 413) that of “‘ Mastodonte des Cordiliéres”’ { =Cordil- 
lerion andium). Cuvier’s type (1806.3, Pl. 67 [11], fig. 5) as con- 

firmed by de Blainville (1839-1864, p. 249) is a three crested first 

‘Cabrera (1929, p. 66) points out that von Humboldt did not travel in Chile, and that it is possible this molar fragment came from a town of the same 

name, Concepcion, in Ecuador, where the distinguished voyager traveled extensively. Both Cuvier’s primitive type (Fig. 537) and the paratype from 

Bolivia (Figs. 538, 559) should be compared, therefore, with the corresponding ridge-crests in Cuvieronius ayor Spillm. and C. postremus Spillm. from Ecuador. 
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CUVIERONIUS HUMBOLDT: TYPE (LEFT) From Concepcion, CHILE (?7Ecuapor); PARATYPE (RIGHT) FROM Province or Cuiqurros, BourviA 

Fig. 537. Type of “la plus petite, Mastodonte humboldien,” as first desig- 

nated by Cuvier in 1806.3, p. 413, and first figured by him in PI. 67 [1], fig. 5; 
it was brought to Cuvier by Alexander von Humboldt, found near Concepcion, 

Chile [?Ecuador]. A first or second molar; regarded by Falconer (1868, I, p. 
101) as a deciduous molar. 

As fully described above, this is universally accepted as Cuvier’s type 

specimen of Mastodon humboldtit [=Cuvieronius humboldtii of the present 
Memoir]. One-half natural size. 

The two posterior ridge-crests and talonid in Cuvier’s type (Fig. 537) from 

Chile [?Ecuador] and in the paratype (Figs. 538, 559) from Bolivia are much 
less progressive than the corresponding ridge-crests of Ms; in Cuvieronius 

platensis or C. superbus of Argentina. 

or second molar reproduced in facsimile in our figure 537. This is 

important to note, because the original of this type appears to be 

misplaced. The designation of the type is as follows: 

“Bt la plus petite, Mastodonte humboldien,” Cuvier, 1806, 
p. 413 = Mastodon hwmboldtii Cuvier (in Desmarest, 1818, p. 447), 

also Mastodon humboldii, Cuvier, 1824, Vol. V, Pt. 2, p. 527. 

“Sur Différentes Dents du Genre des Mastodontes.”” Ann. Mus. 

d’Hist. Nat., 1806, VIII, pp. 411-413. 
Type Description.—(Cuvier, 1806.3, p. 412): ... ““M. de 

Humbold est encore celui qui les a découvertes. Je lui en dois 

une qu’il a rapportée de la Conception du Chili; elle est 
fort usée, mais bien conservée, teinte en noir, longue de 0,08, 

et large de 0,06. Voyez pl. m [67], fig. 5.” TyPr.— 

A first or second molar. Cuvier, 1806.3, Pl. 67 [1m], fig. 5; 

confirmed by de Blainville (1839-1864, p. 249). TYPE 

Locatity.—Near Concepcion, Chile {?Ecuador]. 
Cuvier’s designation of the type grinders, ‘“‘Et la plus 

petite, Mastodonte humboldien,” 1806, p. 413, renders it 

probable that this small tooth was the first which came into 

his hands, or else he selected it out of courtesy to von Hum- 

boldt, because the paratype specimen (PI. 67 [1], fig. 12), an 
inferior molar (Fig. 538 of the present Memoir), is more 

characteristic of this genus. The description by Cuvier of 

the latter (op. cit., p. 412) is as follows: “C’est encore a cette 
espéce que je rapporte la dent de la méme province de Chiqui- 
tos, dont M. Alonzo m’a envoyé le dessin (PI. 11, fig. 12). 

Comme elle n’est pas entiére en avant, on ne peut assigner sa 
place; mais je juge 4 son talon qu’elle est ou la moyenne ou 
la postérieure d’en haut.”! See figures 537 and 538 above. 

\Osborn’s paratype of Cuvier’s Mastodonte humboldien is from near 
Santa Cruz de la Sierra, between Chichas and Tarija, Bolivia, 15° 
so. lat., whereas the type is from near Concepcion, Chile [?Ecuador). 

natural size. 
5\ ridge-crests. 

Fig De 

Fig. 538. Osborn’s paratype of Mastodon humboldtii Cuy. After Cuvier 
1806.3, Pl. 67 [1], fig. 12. About one-half natural size. The original is proba- 

bly in the Mus¢um d’Histoire Naturelle, Paris, but could not be located for 
the writer during his visit of 1921. The specimen is a third left inferior molar, 

1.M3, of which one or two anterior crests have been broken off. Compare 

Gervais’ figure (1855) of M. humboldtii [= Cuvieronius (?)platensis), figure 504 

of the present Memoir. From near Santa Cruz de la Sierra, Province of 
Chiquitos, Bolivia. 

(Osborn, 1931) Observe that these inferior type (Fig. 537) and paratype 

(Fig. 538) molars of Cuvier’s original description of 1806 agree in the presence 

of large infero-external and small infero-internal trefoils and cones, thoroughly 

confirming Cuvier’s definition of Mastodonte humboldien. 

(Osborn, 1933) The two posterior ridge-crests and biconed talonid in 

1.M3, agree closely in evolution with the corresponding parts in 1.M® of 
Cuvieronius platensis (cf. Fig. 559). 

(Falconer, 1868, Vol. I, p. 101): ‘‘The third deciduous molar 

is well represented by Cuvier (tab. ii. fig. 5). The original, brought 

by Humboldt from Chili, is the specimen upon which the illustri- 

ous anatomist founded his M. Humboldtii. It is an oblong and 

nearly rectangular tooth, presenting the same square proportions 

Fig. 10. 

Mastodon humboldti.—The third left upper true molar; from the Pleistocene 

of Buenos Ayres. §. The lower border of the figure is the inner border 
of the specimen. 

Fig. 539. Third left superior molar, 1.M*, of Cuvieronius humboldtii, two-thirds 
After Lydekker, 1886.1, p. 43, fig. 10. Brit. Mus, 19952b. Observe 
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as in M. ohioticus, and having the crown divided into three ridges, 

which are far advanced in wear, and without either a front or a back 

talon. It measures 3.15 inches in length by 2.35 inches in width. 

As yet there is no evidence of a premolar in the upper jaw.” 

CRANIAL AND DENTAL CORRELATION 

CUVIERONIUS HUMBOLDT, TuSKS AND GRINDERS.—Gervais, 

1855) describes the third superior and inferior molars of Mastodon 

humboldtii as somewhat larger and relatively broader than those of 

M. andiwm. This corresponds with the breadth-length measure- 

ments and indices of M; given above (p. 545), as derived by careful 

calculation from his plates, namely: 

M; Cordillerion andium: breadth-length index, 40 

M; Cuvieronius humboldtiz,! breadth-length index, 47 

The third superior molars of Cuvieronius humboldtii [= (?)pla- 

tensis, Fig. 540, No. 9] exhibit five plus ridge-crests, whereas the 

third superior molars of Cordillerion andium (Fig. 540, No. 3) 

exhibit only four ridge-crests and a large talon. In both genera and 

species the third superior molars are broader anteriorly and sud- 

denly contract posteriorly; in C. andium the elongate triangular 

crown of M3 is readily distinguished from the oblong crown of M3. 

Fig. 540. Right third superior molars of Cuvieronius (upper) and of Cordil- 

lerion (lower), after Gervais, 1855, Pl. v, figs. 9 and 3, one-third natural size. 

(Lower) Mastodon andium: ‘3. Sixiéme molaire supérieure [of Tarija, 
Bolivia].”” Single trefoils, 4! ridge-crests. [=Cordillerion andium.] 

(Upper) Mastodon humboldtii: ‘9. Sixiéme molaire supérieure (de 
Buenos-Ayres).” Double trefoils, 5+-ridge-crests. [= Cuvieronius (?) platensis.] 

GrinpDInG TreetH or Cuvirronius.—The contrast between 

the grinding teeth of the two genera has been clearly brought out 

in a series of comparative figures given above in the characteriza- 

tion of the genus Cordillerion and in the descriptions of the species 
of that genus. 

Attention is called especially to the admirable figures of 

Gervais (1885, Pl. v, reproduced above in our Fig. 504) and to the 

present figure (Fig. 540) showing an intimate comparison, to the 

same scale, of the third superior grinding teeth. 

The profound structure of the grinding teeth of Cuvieronius 

is quite as distinct generically from that of Cordillerion as is the 
structure of the tusks and of the cranium. 

1Referred in the present Memoir to Cuvieronius (?)platensis. 

OSBORN: THE PROBOSCIDEA 

Fig 1. 46. 

CuvIERONIUS SUPERBUS REF. 
Mastodon humboldtii ref., after Burmeister, 1866, Lim. x1v, Fig. 541. 

figs. 1 and 2, one-sixth natural size. This specimen is in the ‘‘ Museo publico 

de Buenos Aires,’ locality unrecorded. Referred by Cabrera (1929.1, pp. 

120, 121) to Curieronius superbus (see Appendix to present Volume I). 

W. D. MarrHew, SepreMBer, 1920: British Mustum.—A 

fair skull of M. [=Cuvieronius] humboldtii in the British Museum 

has the top of the cranium restored; it is larger than the Paris skulls 

of this species, but otherwise exhibits similar characters; the skull 

very nearly parallels that of Mastodon americanus in form and in 

the abbreviation of the symphysis, but the superior outline of the 

symphysis is straight instead of convex. The upper tusks lack the 

horizontal form and the spiral twist of M. [=Cordillerion] andium; 

they are wide apart at the base and tend to curve inward a little 

more than upward. Both the tusks and symphysis, as well as the 

skull, parallel those of M. americanus. 

Osborn, 1927: The generic phylum Cuvieronius may be re- 

garded, therefore, as a very ancient one; its ancestral stages should 

be found to exhibit single trefoils on the molar teeth and a more or 

less vestigial lateral band of enamel on the incisive tusks, whereas 

the skull would gradually lead back to a primitive form not very 

dissimilar to that of Cordillerion. 

Cuvieronius brasiliensis Lund (in Lesson, 1842) 

From a limestone cave in the valley of the Velhas River, near the central 

part of the Province of Minas Geraes, Brazil (see Lund, 1839, pp. 30 and 133). 

An admirable abstract of Lund’s researches in the caves of Central Brazil, 

“mostly situated in a district near the head waters of the San Francisco river 

in the Province of Minas Geraes,” is to be found in Wallace’s ‘‘The Geographi- 

cal Distribution of Animals,’’ 1876, Vol. I, pp. 143-146. 

This animal, as described by Lund in 1839, pp. 117, 129, 130, 

133, and 136, was first listed as Mastodon sp. on page 133; in this 

description he compared the animal with Mastodon andium and M. 

Humboldtii of Cuvier, but did not figure it; judging by his de- 

scription, this mastodont is more closely related to Cuvieronius 

humboldtii. 

Lesson (1842, p. 157) attributed the specific name Mastodon 

Brasiliensis to Lund. Since we are unable to find Lund’s designa- 
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tion of this species, the name may be written as above, namely, 

Cuvieronius brasiliensis Lund (in Lesson, 1842). The fossil cave 

fauna, as indicated in Lund’s Memoir of 1839, Table 1, pp. 133- 

135, as from the Province of Minas, ‘Rio das Velhas,’’ contains 

one species of anteater, several species of armadillo and of 

glyptodont, four species of the giant sloth, chiefly Megalonyz, 

four species of peccary, one tapir, besides the Mastodon brasilien- 
sis; artiodactyls attributed to Cervus, Antilope, Camelus, Lepto- 
therium; ten species of Carnivora, two of Didelphis, eight genera of 

rodents, and one monkey (Protopithecus). Naturally many of the 

references, such as Antilope, Camelus, and Hyzna, are out of date. 

The plates (Tab. 1-ximr) are chiefly devoted to Car- 
nivora and sloths and do not figure the Mastodon. 

Type Cranium or CuvigRoNiIUS 

BONAERENSIS (SUPERBUS) 

Fig. 542. Type cranium of Mastodon bonaerensis 

Moreno, 1888 (Mus. La Plata 8-1), from Arrecifes, Province 

of Buenos Aires, Argentina; subsequently described and figured 

by Carette (1919, Lim. x1, fig. 2) as Dibelodon platensis, by 

Cabrera (1929) as Stegomastodon platensis, figure 6, side, figure 7, 

front, figure 10a, mandible, side, figure 1la, mandible, top, as reproduced 

in figures 532 and 562 of the present Memoir. 

Cuvieronius bonaerensis Moreno, 1888 
Figures 532, 542, 562, and 564 

From Arrecifes, Province of Buenos Aires, Republic of Argentina; Lower 

Pampean. Said to be synonymous with Mastodon platensis Amegh., 1888. 

Pleistocene. 

Cranium, tusks, and jaws named Mastodon bonaerensis by 
Moreno (Fig. 542) in 1888; figured as Dibelodon platensis by 

Carette (Fig. 532) in 1919; fully described and figured as Stego- 

mastodon platensis by Cabrera (Fig. 562) in 1929; regarded by 

Osborn (1933) as related to Cuvieronius superbus, namely, Cu- 

vieronius bonaerensis (superbus). 
Mastodon bonaerensis Moreno, 1888. ‘“‘Informe Preliminar,” 

Bol. Mus. La Plata, Vol. I, p. 18. Typr.—Cranium (Mus. 
La Plata No. 8-1). Horizon aNd Locatiry.—From 
Arrecifes, Province of Buenos Aires, Republic of Argentina. Pleis- 

tocene. Tyre Ficure.—Not figured by Moreno, but 

figured (Fig. 532) by Eduardo Carette, 1919, Pl. x1, fig. 2, as D. 
platensis. Refigured (Fig. 542) in the present Memoir from pen 
sketch kindly furnished by Doctor Cabrera of the La Plata Mu- 
seum; referred to Stegomastodon platensis in Cabrera’s Memoir of 

1929, figs. 6 and 7 (ef. Fig. 562B of present Memoir). 

Tyre Description.—(Moreno, 1888, pp. 17 and 18): “8° 

Craneo con los dos grandes colmillos que miden un largo total de 

1 metro 80 centimetros, mandibula inferior, parte de la columna 

vertebral, costillas, un brazo, la pelvis, un fémur, tibia y peroné, 

y varios huesos de las extremidades de un gran mastodonte, que 

considero como una nueva especie y que he nombrado Mastodon 

bonaerensis.”’ 

Osborn, 1933: The ridge-crests resemble those of Cuvieronius 

superbus (ef. Fig. 562). 

Cuvieronius platensis' Ameghino, 1888 
Figures 488, 489, 498. 531, 540, 543, 553, 558-560, 563, 564, 579, 580 

Lower Pampean formation, San Nicolis de los Arroyos, Province of 

Buenos Aires, Argentina. Pleistocene. 

Syn. (fide Cabrera): Mastodon bonaerensis Mor., 1888, M. rectus Amegh., 

1889, M. maderianus Amegh., 1891. 

History.—The type of this species is a rounded tusk of large 

size; it is similar to that” characteristic of Cuvieronius humboldtii. 

Detensa de Mastodon platensis, AMEGH. }/,, del tamafio natural 

Type OF CUVIERONIUS PLATENSIS 
Fig. 543. Type superior tusk of Mastodon platensis Ameghino, 1888. 

After Ameghino, 1889, p. 641, one-fifteenth natural size. Original in Museo 

Nacional de La Plata, No. 8-63. [=Cuvieronius platensis of the present 

Memoir. } 

The specific name may be retained pending further research. Philippi 

observes (1893) that Mastodon platensis is distinguished by long, 

thin, almost straight incisive tusks, greatly inferior in size to 

those of other species. 
Mastodon platensis Ameghino. Répidas Diagnosis, 1888, 

pit Typr.—Superior tusk. Original in Museo Nacional de 
La Plata, 8-63. Horizon AND Locatity.—Lower pampean 

formation, San Nicolas de los Arroyos, Province of Buenos Aires, 

Argentina. Tyre Ficure.—Ameghino, 1889, p. 641 (text 

figure); also supplementary description. 

Tyrer Description.—(Ameghino, 1888, p. 7): ““Mamelones 

internos de las muelas superiores y esternos de las inferiores, mas 

anchos, y gastados en forma de hoja de trébol.—Defensas no muy 

gruesas, rectas 6 casi rectas y sin banda longitudinal de esmalte, ni 

vestigios de espiral.—Talla un poco superior 4 la de Mastodon 

andium y algo menor que la de Mastodon Humboldtii.—-Defensas 

hasta de dos metros de largo y 44 centimetros de cireunferencia en 

la base.—Muela sesta superior de 175 mm. de largo y 8 etm. de 

ancho, compuesta de cuatro colinas transversales y un callo basal 

posterior.—Procedencia: pampeano inferior de la provincia de 

Buenos Aires.” 

Bou eg, 1920, vp. 68.—‘ Les figures qu’il en a données portent 4 

penser que M. platensis et M. superbus sont de simples variétés 

1For distinctions between Cuvieronius platensis and C. superbus, see Appendix to the present Volume I. 
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de M. Humboldti, lequel est caractérisé par la forme courbe de ses 

défenses et l’absence de bande d’émail.”” Nevertheless Boule in 

his synopsis (op. cit., p. 67) places Mastodon platensis in the same 

Division I with M. andiwm, namely: ‘‘I. Molaires dont lusure 

moyenne.des collines produit l’aspect d’un seul tréfle. .. . bd. 

Défenses fines, presque droites, sans bande d’émail. . M. 

platensis. Proy. de Buenos-Aires.” 

Cuvieronius superbus’ Ameghino, 1888 
Figures 485, 492, 498, 502, 544, 556, 561, 562, 563, 565, 566, 576 

Probably the superior Pampean, Pergamino, Province of Buenos Aires, 

Argentina, Pleistocene. Osborn, 1933: Compare with Cuvieronius bonaerensis. 

Hisrory.—As shown in the diagram (Fig. 493) Ameghino 

distinguished the species by its gigantic size, exceeding that char- 

acteristic of Cuvieronius humboldtii, and by the very large size of the 
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ghino, 1889, p. 647 (text figure), and supplementary description; 

also Cabrera (1929), in See. II, 6, of this chapter. 

Typr Description.—(Ameghino, 1888, p. 7): ‘Colinas 

transversales de las muelas gastadas en forma de doble hoja de 

trébol como en Mastodon Humboldtiiz.—Talla gigantesca, mayor 

que la de Mastodon Humboldtii, pero menos robusto.—Defensas 
muy largas, pero proporcionalmente delgadas, con curva poco 

sensible en la mayor parte de su largo, pero muy pronunciada en 

su cuarto anterior y con su grueso m4ximo hacia la mitad; carecen 

de todo vestigio de curva en espiral, y de banda de esmalte, alean- 

zando un tamafio de 2 m. 40 de largo, por 53 ctm. de circunferencia 

en la base.—Largo de la tiltima muela superior, 24 etm.—Largo de 

la Ultima muela inferior, 27 ctm.—Fémur de 1 m. 10 de largo, pero 

relativamente delgado.—Procedencia: pampeano lacustre de la 

provincia de Buenos Aires.” 

Defense del Mastodon superbus, AMEGH, 1/39 del tamafno natural 

Type oF CUVIERONIUS SUPERBUS 
Fig. 544. Type superior tusk of Mastodon suwperbus Ameghino, 1888. After Ameghino, 

1889, p. 647, one-twentieth natural size. Original in the Museo Nacional de La Plata, 8-8. 

[ =Cwvieronius superbus of the present Memorr.| 

Defensa de Mastodon rectus, AMEGH. !/,, del tamano natural 

Type oF CUVIERONIUS RECTUS 

Fig. 545. Type superior(?) tusk of Mastodon rectus Ameghino, 1889, p. 643, one-thirteenth natural size. Original 

in the Museo Nacional de La Plata, 8-38. [=Cuvieronius rectus of the present Memoir.] 

tusks, as shown in figure 544. Boule (1920) regards the species 

Mastodon superbus as derived from M. platensis, which in another 
branch gives off M. humboldtii; he also regards (op. cit., p. 68) M. 

superbus as possessing, like M. humboldtiz, double trefoils and lack- 

ing the enamel band; he describes the molars and incisive tusks as 
follows: ‘II. Molaires dont l’usure moyenne des collines produit 

aspect d’un double tréfle; pas de bande d’émail: . . . b. Défenses 

moins arquées, avec un maximum de diamétre vers le milieu. . M. 

superbus. Santa-Fé.” Philippi (1893) observes that whereas 

M. humboldtii is distinguished by very thick and very strongly 

curved incisive tusks, M. swperbus is characterized by tusks less 
thick, straight in the proximal portion, but in the distal half 

strongly bent. Ameghino regarded M. platensis as an ancestral 

form of both M. superbus and M. humboldtit. 

Mastodon superbus Ameghino, 1888. Rapidas Diagnosis, 

Dae Typr.—Superior tusks and mandible of an old individual. 

Original in the Museo Nacional de La Plata, 8-8. Horizon 

AND Loca.iry.—Probably the superior Pampean, Pergamino, 

Province of Buenos Aires, Argentina. Tyrer Ficure.—Ame- 

‘See footnote on page 579. 

Cuvieronius rectus Ameghino, 1889 

Figures 490, 531, 545, 546, and 558 

From the Ensenada, near La Plata, Argentina. (Cabrera, 1929, p. 99): 

“Dos defensas de un macho muy viejo, de La Ensenada, cerca de La Plata; 

tipo de M. rectus Ameghino (n° 8-38).” Compare Carette, 1919, Lim. x1, 

fig. 3 (Fig. 531 of the present Memoir), also Cabrera, 1929, p. 112. 

Distinguished by Ameghino as a species of large size related to 
Mastodon humboldtii, with straight tusks attaining a maximum 

length of 2m.10em. Philippi (1893) observes that this species is 

distinguished by straight, very thick incisive tusks. 
Bout, 1920, p. 67.—Boule in his synopsis considers Mastodon 

rectus as belonging to species with single trefoils and describes the 

molars and tusks as follows: “I. Molaires dont l’usure moyenne 

des collines produit V’aspect d’un seul tréfle. . c. Défenses 

plus massives, sans bande d’émail, droites ou presque droites. 

M. rectus. La Plata, Buenos-Aires.”’ 

On the next page he remarks: “La dénomination M. rectus a pu 

étre appliquée 4 une anomalie ou 4 un échantillon mal conservé 

de M. andium.” 
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Ameghino’s type description is in general as follows: 
Mastodon rectus Ameghino, 1889. ‘Contribucion al Conoci- 

miento de los Mamiferos Fésiles de la Reptiblica Argentina.’”’ Actas 
Acad. Nac. Cien. Cérdoba, Tome VI, 1889, p. 643. Typr.— 
Superior tusk. Original in the Museo Nacional de la Plata, 8-38. 
Horizon AnD Locariry.—‘ Todos los restos que conozco de esta 

especie proceden de las excavaciones del Puerto de La Plata en la 
Ensenada, y de las del puerto Madero en Buenos Aires, con excep- 
cion de un par de defensas casi intactas encontradas al cavar un 

Primitive. Compare Cvuv. Rererrep Moar or CUuvIERONIUS RECTUS. 

POSTREMUS 

Inferior Pampean 

Fig. 546. Mastodon rectus ref. from near the Atlantic coast, Province of 

Buenos Aires, Argentina (fide Ameghino, 1889, p. 920). After Ameghino, 

1889, Liam. xcviui, fig. 1. Stegomastodon superbus (fide Cabrera, 1929, p. 116). 

Compare Cwvieronius postremus (Figs. 530, 550, 552), single trefoils. 

A third left superior molar, 1.M*, 204e102 mm., reduced to one-half 

natural size, tetralophodont+ (4! ridge-crests). Supero-internal trefoils 

larger, more worn. Supero-external trefoils much smaller, present in proto- 

loph, reduced in metaloph, very small in tritoloph. Tetartoloph narrow. 
Pentaloph rudimentary. 

(Ameghino, 1889, p. 920): ‘‘El mamelon externo de cada colina, es com- 

primido de adelante hacia atrés, y muy estendido en sentido transversal, de 

ciispide elevada y que di por el desgastamiento una figura transversal muy 
angosta y elevada, mas 6 menos del mismo ancho en todo su largo. Los 

mamelones internos son al contrario angostos sobre el borde interno, y anchos 

sobre el externo, en donde presenta tubérculos accesorios que dan con el des- 

gastamiento 4 la superficie de trituracion, la forma de hoja de trebol.”” 

pozo en el mismo municipio de Buenos Aires, en la casa del 

comandante Espina. . . . Piso ensenadense de la formacion pam- 

peana.”’ Tyrer Ficurye.—Ameghino, 1889, p. 643 (text figure). 

Type Drscriprion.—(Ameghino, 1889, p. 643): ‘Esta especie 

es de tamafio jigantesto, comparable al del Mastodon Humboldti, 

del que se distingue por las defensas completamente rectas, aunque 
en algunos individuos presentan una pequeha curva, apenas 

acentuada en la extremidad anterior. Las defensas de esta especie, 

de los individuos adultos masculinos, tienen de 1™8042™10 de 

largo, por 42 4 50 centimetros de circunferencia en la base, que es 

comprimida lateralmente, disminuyendo poco de grueso hasta que 

terminan en punta gruesa y roma, que 4 menudo presenta una super- 

ficie lisa gastada por el frotamiento del diente. Estas defensas 
carecen completamente de la banda de esmalte que distingue las 

de los Mastodon andium y Mastodon argentinus, y no presentan 

vestigios de la curva en espiral que distingue la primera de las 

mencionadas especies, como lo demuestra el grabado adjunto que 
representa una defensa de esta especie. El fémur de la misma 
especie tiene 1 metro de largo, y las muelas por los pocos fragmentos 
que poseo parecen estar construidas sobre el mismo tipo que las 
del Mastodon andium.” 

Grinpinc Tretu.—Ameghino (1889, Pl. xcvm1) gives a 
natural size figure of a large broad grinding tooth (Fig. 546) with 
4}: ridge-crests, which he designates as follows in his explanation of 
the plate: “1. Mastodon rectus Amegh. Ultima muela superior del 
lado izquierdo, vista por la superficie masticatoria.”’ 

Boule (1920) in describing this referred specimen observed: 
“I. Molaires dont l’usure moyenne des collines produit l’aspect 
d’un seul tréfle.” The infero-internal trefoils are certainly rudi- 
mentary. 

Osborn, 1931: This relatively primitive superior molar from 
near the Atlantic coast, Province of Buenos Aires, Argentina, should 
be compared with the relatively primitive inferior molars from 

“ecuador (Figs. 534 and 535, of the present Memoir), referred to 
Cwvieronius ayore. 

Cuvieronius maderianus Ameghino, 1891 

“En las escavaciones del Puerto Madero en Buenos Aires,” Argentina. 

So far as can be found, this type was not figured; consequently 

we rest its characters upon the author’s type description. It was 

described as of gigantic size, equaling that of Mastodon humboldtii. 

The type is a pair of tusks belonging to two complete adult in- 

dividuals, and measuring 2 m. 5 em. 

Mastodon maderianus Ameghino, 1891. ‘‘Mamfferos y aves 

fésiles argentinas.—Especies nuevas, adiciones y correcciones.” 

Revista Argentina de Hist. Nat., Tome I, p. 243. TyPE.— 

Pair of tusks, Horizon anp Locatiry.—... “en las 

escavaciones del Puerto Madero en Buenos Aires. Piso ensena- 

dense de la formacion pampeana (plioceno inferior).” Type 

Ficure.—The present author is unable to locate a figure. 

Tyre Description.—(Ameghino, 1891, p. 243): ‘Talla 

gigantesca, comparable 4 la de Mastodon Humboldtii, pero de 

defensas casi derechas, parecidas 4 las de Mastodon platensis 
Amegh., aunque de curva todavia menos acentuada. Se distin- 

guen ademas facilmente de las de esta especie por su tamafo 
mayor, y por poseer una ancha faja de esmalte lateral que la recorre 

en todo su largo, limitada solo 4 su parte anterior en los individuos 

muy viejos. Longitud de las defensas de individuos completa- 

mente adultos, en linea recta, 1" 90 4 25. Cireunferencia en su 

parte mas gruesa 54 centimetros. Ancho de la faja de esmalte, de 

4 4 6 centimetros. Se han descubierto los restos de esta especie 
en abundancia, en las escavaciones del Puerto Madero en Buenos 

Aires. Piso ensenadense de la formacion pampeana (plioceno 
inferior).” 

Cuvieronius chilensis Philippi, 1893 

Figure 547 . 

Near Lake Tagua-Tagua, Chile (fide Boule, 1920). 

Philippi’s type figure, ‘‘ Figur 4,”’ reproduced below (Fig. 547), 
represents a short, massive symphysis like that of Cuvieronius, 

which Philippi himself contrasts with the elongate rostrum, 
“Figur 1” and “Figur 3,” of Mastodon andium of Tarija and Chile 
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Figur 2. 

Mastodon andium, nach 
D’ORBIGNY von Tarija. 

Mastodon bolivianus. '/, nat. Gr. 

Figur 4. 

Figur 3. 

7, 

Mastodon andium, 
nach Gay von Chile. 

Mastodon chilense Pu. '/, nat. Gr. 
Unterseite des Kinns. 

Vie. 547. Types or CuviBRONIUS CHILENSIS AND CORDILLERION BOLIVIANUS 
COMPARED WITH MastTopon [ =CorpDILLERION] ANDIUM 

“Figur 2.” Type of Mastodon bolivianus Philippi, 1893, p. 89, fig. 2, 

one-eighth natural size. From Ulloma, Bolivia. 

“Figur 4.” Type of Mastodon chilensis Philippi, 1893, p. 89, fig. 4, one- 

eighth natural size. From near Lake Tagua-Tagua, Chile (fide Boule, 1920). 

and with hisown Mastodon bolivianus; consequently Osborn relates 
Mastodon chilensis Philippi to the genus Cwuvieronius, differing 

widely from Boule (1920, p. 68), who remarks: . . . “‘parait n’étre 

qu’une race locale de M. andium.” In this connection it is im- 

portant to note that Cuvier’s type of M. humboldtii is recorded 
from near Concepcion, Chile. 

Philippi, after reviewing the series of species described by 
Ameghino, as quoted in full above, concludes (1893, p. 88): ‘Bei 

der Gelegenheit will ich erwaihnen, dass ich das chilenische Masto- 

don fiir eine eigene Art halten muss, die ich M. chilensis nenne.”’ 

The following is an abbreviation of his type description: 

M. [Mastodon] chilensis Philippi, 1893. ‘‘ Vorlaufige Nachricht 

iiber fossile Saugethierknochen von Ulloma, Bolivia.’ Zeits. 

Deutsch. geol. Ges., Bd. XLV, 1893, p. 88. Typre.—Lower 

jaw. Horizon anv Locariry.—Near Lake Tagua-Tagua, 

Chile (fide Boule, 1920, p. 68). Tyre Ficure.—Philippi, 

op. cit., 1893, p. 89, fig. 4. 

Type Description.—Philippi distinguishes Mastodon chilen- 
sis as follows: (Philippi, 1893, p. 88): “Bei der Gelegenheit will 

ich erwaihnen, dass ich das chilenische Mastodon fiir eine eigene 

Art halten muss, die ich M. chilensis nenne. In Gay’s bekanntem 

Werk (Historia fisica i politica de Chile) beschreibt Gervais?, 
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Zoologia, I, p. 137, die von Gay nach Paris gebrachten Zahne und 

Knochenreste unter dem Namen M. andium, und Ameghino citirt 

dies chilenische M. andium ohne Weiteres zu dem bolivianischen. 

Es ist mir unbegreiflich, wie Gervais? diesen Irrthum hat begehen 

k6énnen; hatte er sich die Miihe gegeben, das Kinn des chilenischen 

Mastodon, welches er |. c¢., t. 8, f. 1 abbildet, mit der von 

d’Orbigny gegebenen Abbildung des Unterkiefers (Voy. dans 

lAmér. méridion.) zu vergleichen, so wiirde der erste Blick 

ihn iberzeugt haben, dass beide himmelweit verschieden sind; 

das Kinn lauft bei M. andiwm in eine lange, 1éffelférmige 

Verliingerung aus, bei M. chilensis ist es sehr kurz, fast spitz. 

Unser Exemplar hat auf der Unterseite an der Spitze eine 7 

cm lange, 10-12 mm breite, ziemlich tiefe Rinne, die jederseits 
von einem lippenartigen Wulst eingefasst ist. Von dieser Rinne 

sagt die Beschreibung nichts. In der Abbildung der Oberseite 

des Kinnes ziehen sich zwei erhabene Kanten, von der Spitze 

an divergirend, nach hinten. (S. Textfig. 3.) Die Verschied- 

enheit in der Gestalt ist so gross, dass man beinahe eine zweite 
chilenische Art annehmen kénnte. Das von mir abgebildete 

Kinn, dessen Oberseite sehr abgeblattert ist und keine Spur 

der erwihnten Kanten mehr zeigt, wurde im Jahre 1877 von 

meinem Sohn bei Chillan nebst Beinknochen ete. ausgegraben; 

es waren dabei simmtliche acht Backenzihne, von denen zwei 

gestohlen sind, und beide Stossziihne, die aber bis auf die 

Spitzen in winzige Fragmente zerfielen; die Schiadelknochen 
waren zu Mulm zerfallen.”’ 

The characters of the symphysis of M. chilensis are displayed 

in the accompanying figure (Fig. 547). 

Bouter, 1920, pe. 68.—‘‘ Mastodon chilensis, trouvé sur les 

bords du lac Tagua-Tagua au Chili et décrit par Philippi... . , 

parait n’étre qu’une race locale de M. andiuwm. Ses caractéres dis- 

tinctifs seraient surtout la briéveté relative de la gouttiére sym- 

physaire et la présence de deux saillies en forme de lévres a la face 

inférieure de la symphyse. La premiére de ces distinctions résulte 
de l’interprétation d’une figure erronée de d’Orbigny . . . ; la 

seconde, nous l’avons montré précédemment, n’est qu’un trait 

individuel de certains M. andium.” 

Cuvieronius pirayuiensis Gez, 1915 

“Generalidades sobre paleontologia argentina: El Mastodon platensis- 
Amegh. de Corrientes. Corrientes, 2° edicién.’”’ 1915, p. 35. 

The type description of this species was not available at the 

time that the present section went to press. Cabrera, 1929, p. 73, 

refers to this species as follows: ‘Con anterioridad al trabajo del 
doctor Carette, en 1915, se publicé en Corrientes un folleto del 

professor Juan W. Gez que, aun cuando de muy escaso valor cienti- 

fico, es preciso mencionar también aqui, por referirse al hallazgo de 

restos de mastodonte en el arroyo Pirayui. En realidad se trata de 

una conferencia de divulgacién, hecha a base de lecturas no siempre 

bien elegidas, e ilustrada con reproducciones de grabados de 

diversas obras y algunas fotografias. Lo interesante del folleto 

esta en que lleva en la caratula el titulo Hl Mastodon platensis de 

Corrientes (Mastodon pirayuiensis), con lo que al autor, sin necesi- 

dad ni justificacién ninguna, se da el gusto de afiadir un nombre 

mas.” 
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Cuvieronius ayor® Spillmann, 1928-1931 

Figures 498, 534, 535, 548, and 549 

Quebrada [canyon] of Chalang, near Punin, southeast of Riobamba, Prov- 

ince of Chimborazo, Ecuador. Pleistocene ( fide Spillmann). 

Tetrabelodon (Bunolophodon) Ayora Spillmann, 1928. ‘“Tetra- 

belodon nov. spec. Ayora-Spillm.” (unsigned, no pagination) and 

“El Mastodonte de Alangasi” (p. 75), in El Ecuador Comercial, 

Ano VI, No. 57, March, 1928. Full description by Spillmann, 

“Die Saugetiere Ecuadors im Wandel der Zeit,” 1931, pp. 67-73, 

with figures (as Bunolophodon ayorae). Type—Cranium with 

grinding teeth, tusks, and mandible, also skeleton (see footnote, p. 

532 above). Mus. Univ. Cent., Ecuador. HORIZON AND 

Locauiry.—Quebrada [canyon] of Chalang, near Punin, southeast 

of Riobamba, Province of Chimborazo, Ecuador. 

(fide Spillmann). Tree Ficure.—Op. cit., 

See also figures 548 and 549 of the present Memoir. 

DescrRIPTION (UNSIGNED).—(Op. cit., 1928) “El ejemplar 

mastod6énico de Callihuaico, T'etrabelodon nov. spec. Ayora-Spillm., 

se diferencia de los otros mastodontes de las cordilleras en que: 

segtin los estudios mas recientes al respecto, los de Boule y Thé- 

venin, 1920, se ha tenido por cierto, que todos los mastodontes de 

las alturas pertenecian a la clase Andiwm; siendo asi que, de los 

estudios de los craneos de los mastodontes encontrados en nuestro 

pais (Riobamba y Callihuaico), se ha llegado a la conclusién de 

que éstos son de forma mas desarrollada en su craneo y 

dentadura.”’ 

“El Andium, fig. 3, tiene una cabeza casi plana, con un Angulo 

de inclinacién de 20°. El Ayora-Spillm., fig. 2, es un término 

medio entre estos dos extremos aceptados Boule y Thévenin, su 

craneo presenta un Angulo de inclinacién de 37°, que lo diferencia 

Pleistocene 

1928, fig. 2. 

CUVIERONIUS AYORAE SPILL. 

MUS. UNIV. CENT., QUITO 

Type oF CUVIERONIUS AYORA 

Fig. 548. Complete male cranium, tusks, and mandible of ‘‘ Bunolophodon ayorx aus Chalang,”’ in the Museum Uni- 

After photograph. versidad Central del Ecuador, Quito, one-tenth natural size. 

opposite page 68. 

(Spillmann, 1931, p. 67): ‘Der eine, bestehend. aus einem fast kompletten Schiidel und diversen Extremititen- 

knochen, stammt aus der Quebrada von Chalang, nahe dem Indianerdorfe Punin, in der Provinz Chimborazo.”’ 
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de sus companeros de Bolivia, Argentina y Sur del Brasil. La 

dentadura Bunolophodon Ayora-Spillm. también difiere de la de las 

otras especies, por la falta de la forma treboloide en los dientes 

gastados; los colmillos, defensas, que en el Andium son redondos 

y de estructura en 

forma de espiral hacia 
Dag ede 

BUN. AYORAE 

afuera y formando dos 

curvas, en el Ayora- 

Spillm. son casi rectos 

sin fajas de esmalte), 

con una sola curva, y 

su corte transversal es 

elipsoide. El] descu- 

brimiento del fésil de 

Alangasi viene a pro- 

bar que esta clase de 

mastodontes existieron 

en una época geolégica 

posterior a los Andi- 

um, en la moderna o 

histérica, derrumban- 

do la creencia de que 

mastodontes 

pertene- 

una fauna 

los 

americanos 

cieron a 

pleistocenia.”’ 

““Mayores detalles de 
este valioso hallazgo 

BUN. ANDIUM 

Fig. 549. CuvreRonivus AND 

CoRDILLERION ANDIUM, SECTIONS 

AYORZ 

(Upper) Type figure of cranial section of ‘ Buno- 

lophodon’ ayore. Compare 1928, fig. 2. 
otra los damos_ en 

seccién del presente 

ntimero.”’ 

(Op. cit., unsigned, 1928, p. 

75): “Del rapido estudio del 

craneo, efectuado por el doctor 

Spillmann, este ha constatado 

que pertenece a la misma es- 

pecie del Bunolophodon Ayora 

Spill. encontrado en Riobamba. 

Segtin el profesor Spill- 

mann, el crineo de esta es- 

pecie se diferencia de los 

Andium y Humboldti, encon- 

trada en Bolivia, Argentina y 

Brasil, en que, mientras el 

Bunolophodon Andium, tiene 

el céndilo oxipital en el mismo 

plano de las muelas y el tem- 
poral es plano; y el Humboldti 

tiene el perfil inclinado en 45° 

mis o menos, el crfineo del 

Ayora, Spill., esta en un tér- 

mino medio de los dos.”’ 
To the same species Doc- 

tor Spillmann refers a molar 

from the region between Ur- 

cuqui Imantag in the 

Province of Imbaburra. 

(Lower) Corresponding section of Cordillerion 

andium. Compare 1928, fig. 3. 

Compare Spillmann, 1931, figure 

and 



Provisionally referred to this species is a mandible with 

grinding teeth (F:A.M. 28293) and a left superior molar, |.M! 

(Amer. Mus. 22561), from Ecuador; the two latter specimens are 

in the American Museum (Figs. 534, 535); in the superior molar 

(Fig. 534) and in the inferior molars (Fig. 535) the internal and ex- 

ternal trefoils respectively are strong, while the complementary 

trefoils in each tooth are more or less rudimentary. 

Osborn, October, 1931: It would appear from the letters of 

Doctor Spillmann (June 6, July 2, 1930) cited above that the type 

and referred specimens (Figs. 534, 535, 548, 549 of the present 

Memoir) of Cuvieronius ayore represent a primitive Pleistocene 

stage quite distinct from any of the species of Cuvzeronius previously 

described. So far as we can judge from the two American Museum 

specimens from Ecuador (Figs. 534, 535), the trefoils are not double; 

the external trefoils do not appear in the 1.M! (Fig. 534), nor in the 

r.M, are the internal trefoils developed. Consequently, as Doctor 

Spillmann indicates in one of his letters, the species ayore may 

represent a specific stage distinct from members of the classic 

‘Mastodon’ humboldtit group to which the name Cuvieronius has 

been assigned. We await Doctor Spillmann’s detailed description 

and figures! before this point can be settled, for in Doctor Spill- 

mann’s specimen the double trefoils may be better developed. 

Compare Ameghino’s referred molar of Mastodon | =Cuvieronius] 

rectus (Fig. 546). 

Osborn, 1933: This specific stage (Cuvieronius ayore), with 

5} ridge-crested molars and single trefoils, may prove to be related 
to C. platensis Amegh. Related also may be the following species, 
C. postremus. 

Speciric CHARACTERS.—Cranium, mandible, and tusks of 

same general proportions as in other species of Cuveronius but 

more primitive and of smaller dimensions; superior tusks without 

enamel band and of elevated oval section as in Cuv. postremus; 

MUS. UNIV, CENT.,QUITO 

CUVIERONIUS POSTREMUS Type 

Fig. 550. Type mandible of Cuvieronius postremus from near Alangasi, 
Ecuador, in the Museum Universidad Central del Ecuador, Quito. After 
photograph. Compare Spillmann, 1931, opposite page 86. One-seventh natural 
size 

'See footnote on page’ 573. 
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superior and inferior molars with large single internal and external 

trefoils respectively, little or no rudiment of double trefoils in 

either superior or inferior molars, thus differing widely from the 

type and paratype of Cuv. humboldtii; dimensions of male type 

cranium and tusks about ten per cent. greater than those of male 

type cranium and tusks of Cuv. postremus. 

COMPARATIVE MEASUREMENTS 

(Se1LLMANN, LETTER, Sept. 22, 1931; cr. SPILLMANN, 

1931.1, pp. 102-107) 

“Buno- “Buno- 
lophodon’ lophodon’ 

ayore postremus 

Length: 

Occipital crest to anterior border of 

premaxillaries 109 89 

Occipital condyle to anterior border 

of premaxillaries 100 96 

Occipital crest to tip of nasal process 27 31 

Tip of nasal process to anterior 

border of premaxillaries 65 59 

Occipital condyle to tip of superior 

incisive tusks 156.5 136.6 

Height: 

Occipital condyle to summit of 

occipital crest 44 45 

Length of femur 890 

tibia 500 505 

humerus 780 740 

radius 670 630 

Width of pelvis 1330 

HABITS OF ‘BUNOLOPHODON’ AYORA AND OF 
‘BUNOLOPHODON’ POSTREMUS SPILLMANN 

(LETTER, SEPTEMBER 22, 1931) 

Mastodonts similar to the Cuvieronius type lived in the high 

Cordilleras of Ecuador, since both ‘Bunolophodon’ ayore and the 

short-limbed ‘Bun.’ postremus were found at a height of about 2800 

m. above sea level, somewhat as Cordillerion andiuwm lived in the 

southern part of the Cordilleras. The Cuvieronius of Ecuador lived 

upon high grassy plains. The pre-orbital part of the skull is short- 

ened while the postorbital part is lengthened and elevated. 

‘These two new mastodont forms from the highlands of 

IScuador are distinguished by the increased development of the 

cranium at the expense of the pre-orbital portion. In spite of the 

favorable living conditions under which ‘ Bunolophodon* postremus 

persisted into prehistoric times, this species did not attain the spe- 

cialization of the Cuvieronius species of the pampas. The author, 

agreeing with Boule and all previous writers, lays great emphasis 

on the difference between the cranial types described in the present 

Memoir under the generic terms Cuwvteronius and Cordillerion, 

greater emphasis than on the evolution of the trefoils and the 
proportions of the grinding teeth; he also avers that the ‘Mastodon’ 

andium form of the Cordilleras gave rise through successive evolu- 

tionary stages to the ‘Mastodon’ hwmboldtii type, a conclusion 

from which the present author entirely dissents. 
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Cuvieronius postremus Spillmann, 1931 

Figures 498, 530, 533, 536, and 550-552 

Quebrada [canyon] of Cachihuayco, near Alangasi, Province of Pichincha, 
13 kilometers east of Quito, Ecuador; superior Pleistocene, or prehistoric (fide 

Spillmann). 

Bunolophodon postremus (Spillmann, letter, June 6, 1930). De- 

scribed as Mastodonte de Alangasi in E] Hecuador Comercial, 1928, 

Ano VI, No. 57 (without name), p. 75; as ‘Mastodon aus Alangasi’ 

in Spillmann’s “ Das letzte Mastodon von Siidamerika,’’ Natur und 

Museum, Heft 2, No. 59, 1929, pp. 119-123 (1929.1), also in ‘‘ Das 

siidamerikanische Mastodon als’ Zeitgenosse des Menschen ma- 

joiden Kulturkreises,” Pal. Zeits., Band 11, July 22, 1929, pp. 

170-177 (1929.2). Full description and figures (with name) by Spill- 

mann, “Die Siugetiere Ecuadors im Wandel der Zeit,” 1931, pp. 
73-107. See also Uhle’s paper (1930) “Spite Mastodonten in 

Ecuador,’ Proc. Twenty-third International Congress of Ameri- 

canists, September, 1928, pp. 247-258. TypeE.- 1 

complete dentition; also associated skeleton. Mus. Univ. Cent., 
Ecuador. Horizon AND Locauiry.—Quebrada of Cachi- 

huayco, Province of Pichincha, near Alangasi, 13 kilometers east 

of Quito, Ecuador. Superior Pleistocene or prehistoric (fide 
Spillmann). Tyre Ficures.—Op. cit., Spillmann, 1929.1, 
figs. 3, 4; associated skeleton, fig. 1. 

Tyrer Description.—For description (without name), cited 

Cranium with 

us 
10 

CUVIERONIUS 
POSTREMUS 

aS 

MUS. UNIV. CENT., QUITO 

Typr OF CUVIERONIUS POSTREMUS 

Fig. 551. 
1931, from near Alangasi, Ecuador, in the Museum Universidad Central del 

Eeuador, Quito, one-tenth natural size. After photograph. Compare same 

cranium in figure 530C, superior and palatal aspects 

Type cranium of ‘Bunolophodon’ postremus Spillmann, 

'See footnote on page 573. 

CUVIERONIUS POSTREMUS Ref. 

MUS. UNIV. CENT. 

RM! 

Referred third left inferior molar, |.Ms, and first right superior 

After photograph. See C. rectus ref. 

Fig. 552. 

molar, r.M!, of Cuvieronius postremus. 

(Fig. 546, p. 581), 

from Spillmann (1929.2, pp. 175, 176), see pages 571-573 of the 

present chapter. 
Osborn, August, 1931: The discovery of this most interesting 

type by Dr. Fr. Spillmann in April of 1928, is fully set forth in his 

own language on pages 571-573 above. The publication of Doctor 

Spillmann’s complete description of the cranium and skeleton, in 

comparison with that of his Tetrabelodon (Bunolophodon) Ayora, 

was delayed.! His letters (June 6 and July 2, 1930) cited 

above indicate that the specific name Bunolophodon postremus is 

assigned. He proves that the species is of prehistoric age and 

regards it as entirely distinct from his B. Ayora as well as from the 

classic ‘ Mastodon’ humboldtiv. 

Speciric CHARACTERS. 

same general proportions as in other species of Cuvieronius but 

more primitive and of smaller dimensions; superior tusks without 

enamel band and of elevated oval section as in Cuv. ayorx; 

superior and inferior molars with large single internal and external 

trefoils respectively, little or no rudiment of double trefoils in either 

superior or inferior molars, thus differing widely from the type and 

paratype of Cuv. humboldtii and agreeing with the type of Cuv. 

ayorx; dimensions of male type cranium and tusks about ten per 

cent. less than those of male type cranium and tusks of Cuv. 

ayore; trunk and limbs (upper portions) widely different from 

those of Cuv. platensis or Cuv. superbus; humerus (740 mm.) 

and femur (890 mm.) relatively short, humero-radial and femoro- 

tibial indices relatively low, fore- and hindlimbs relatively short, 

with trunk carried closer to the ground than in either of the species 

of Cuvieronius inhabiting the plains of Argentina and Paraguay. 

Cranium, mandibles, and tusks of 



Jaws about 4a Nal- size 
Teeth about A Vat. size 

CUVIERONIUS PLATENSIS 
AM.11190 Ref 

STEGOMASTODON TEXANUS 

AM. 20083 Ref 

STEGOMASTODON SUCCESSOR 

Cast of Type 

STEGOMASTODON MIRIFICUS 

Cast of Type 

Fig. 553. PARALLELISMS AND DIVERGENCES IN INFERIOR MoLARs AND MANDIBLES OF CUVIERONIUS AND STEGOMASTODON 

Molars about one-fourth natural size; mandibles about one-eighth natural size 

The comparison below demonstrates that Stegomastodon, a progressive Humboldtine, is wholly distinct both in its highly 

progressive grinding hexalophodont +teeth and abbreviated mandible from the pentalophodont-+teeth of the Pampean C'uviero- 
nius platensis ref. 

D, Cuvirrontus Ossporn, 1923: Large infero-external trefoils, smaller infero-internal double trefoils. 

Cuvieronius platensis ref. (Amer. Mus. Cope Coll. 11190). Buenos Aires, Argentina, Pampean. Well-worn |.Ms, 

4-5) ridge-crests, double trefoils, external larger and more worn; 25299 mm.; internal border gently convex, external 

border gently concave; rudimentary 5th ridge-crest consisting of two appressed cones, small rudiment of 6th ridge-crest. 

Detailed characters of similar molars, r.M1.3, see figure 554. 

This mandible, with third inferior molar, 1.M3, closely resembles in form and size the aged female mandible figured by 

Cabrera as ‘‘ Stegomastodon”’ platensis (1929, p. 106, fig. 10b, p. 107, fig. 11b), in which Ms measures 205X85 mm. (Op. cit., 

p. 106, fig. 10b): ‘‘mandibula de hembra vieja, Museo La Plata, n° 8-6 (X1%).” Reproduced in the present Memoir 
(Fig. 562, D1). 

C, B, A, Srecomastopon Poutia, 1912: Subequal infero-internal and external quadruple trefoils. 

C, Stegomastodon texanus Osborn, ref. (Amer. Mus. 20083— ef. type figure 642, B2, hexalophodont+). Aged in- 

dividual. Progressive stage. Mandible with rostrum abbreviated; 1.M3, 644 ridge-crests, strongly oblique, i.e., proverted, 

long and narrow, 20473 mm. 

B, Steyomastodon successor Cope, type. A young individual, ].M» with 314 ridge-crests, strongly proverted, quadruple 

trefoils, 11478 mm.; 1.My with 5'4+-ridge-crests, trefoils unworn, long and narrow, 191+-X80e mm. Mandibular length 
620 mm. 

A, Stegomastodon mirificus Leidy, genotype. Symmetrical external and internal quadruple trefoils of the same size, deep 

median fissure; ridge-crests 5-6 narrower and less progressive than in S. teranus; M3 22280 mm. Mandibular length 

416e mm. 
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6. SYNOPSIS AND CRITIQUE OF DR. ANGEL CABRERA’S REVISION OF THE ARGENTINE 

MASTODONTS, INCLUDING THE NEW GENUS AND SPECIES 

NOTIOMASTODON ORNATUS 

“Una Revisién de Los Mastodontes Argentinos”? by Dr. Angel Cabrera, Chief of the Department of Pals- 

ontology of the Museo de La Plata, published October 10, 1929. This richly illustrated Memoir of 140 pages, 

with complete bibliography of 81 titles (pp. 141-144), 35 admirably drawn text figures, including specimens in the 

collections of the La Plata Museum not previously illustrated or described, and two excellent colored illustrations, 

also full information regarding the geographic distribution of the type and referred material from the Province of 

Argentina, constitutes a timely and welcome addition to our knowledge of the mastodonts of South America. 

ERRORS OF NOMENCLATURE AND CLASSIFICATION 

The four chief points of NomencuatureE in Cabrera’s Memoir which cannot be agreed to in the present 

Memoir are the following: 

(1) In his introduction (pp. 61-80) Cuvier’s type of Mastodon humboldtiz, from Concepcion, Chile |? Ecuador] 

(Fig. 537 of the present Memoir), is erroneously interpreted (pp. 68, 69) as a milk tooth of M. andium=hyodon; 

Cabrera accordingly substitutes Cuvieronius Osb., 1923, for Cordillerion Osb., 1926, and defines the new subfamily 

Cuvieroniinae as embracing the Mastodon andium group, also the new genus and species Notiomastodon ornatus. 

A Natural size 

i 
; Ke ’ to Nal stze 

R. M5 R. Mz of Argentina Museo la Plata 

A.M. 11192 Wo.8 -145 No. 310 
CUVIERONIUS Fig. 555. Seconp Cervicat VERTE- 

BR#® (Axis). AFTER CABRERA, 

1929, Fia. 1 

A) Mus. La Plata 8-145. Rela- 

tively high, narrow axis of Cordil- 

lerion andium (referred to Cuvier- 

onius hyodon by Cabrera). From 

Tarija. 

B) Mus. La Plata 310. Broad and 

heavy axis of “cotipo’’ Mastodon 

[=Notiomastodon| argentinus (re- 

ferred to Mastodon argentinus by 

Cabrera). 

Fig. 554. Cuvimronivs pLaTensis Rer. oF ARGENTINA. First To THirp INFERIOR 

Mo ars (INFERIOR RinGE-crests oF M 3, 54) 

One-fourth natural size 

Cuvieronius platensis ref. Right inferior molars, r.Me, r-Ms (Amer. Mus. Cope Coll. 

11192), José Larroque collector; field Nos. 63-67 (see Ameghino, 1878, p. 57): “63 A 

67—Dents molaires du Mastodon andium (Cuvier).’’ From Arreco, Buenos Aires, Argentina. 

R.Mg, 3% ridge-crests; double trefoils, broad external, narrow internal; 13894 mm. 

R.Msz, 5! ridge-crests; trefoils, broad external, narrow internal; external side gently 

concave, internal side gently convex; 22489 mm.; combined length of Mo, Me, 362 mm. 

Observe a similar mandible and convexo-concave molar, |.Mg, in figure 553D of 

Cuvieronius platensis. Also compare with 5)5 ridge-crested convexo-concave |.Mz (24091 

mm.) referred by Cabrera to platensis (Fig. 560). 
In Cuvier’s type from Chile [?Ecuador] (Fig. 537) and paratype from Bolivia (Figs. 538, 

559) of ‘Mastodon’ humboldtii the two posterior ridge-crests and talonid of Ms are parallel 

in evolution to M3 of Cuvieronius platensis. 

For these insufficient reasons the classic specific name Mastodon humboldtii is abandoned by Cabrera, but it is 

retained in the present Memoir as the genotypic species of Cuvieronius; also the new subfamily Cuvieroniinae 

Cab. is substituted for the subfamily name Notorostrine Osb., 1921, and the new family name Gomphotheriidae 

Cab. is substituted for the family name Bunomastodontide Osb., 1921. 

It is true that Cuvier’s type or first mentioned specimen (Fig. 537) is of somewhat indefinite character, but 

the paratype [Cuvier, 1806.3, pl. 67 (11), fig. 12, reproduced in facsimile as Fig. 538 of the present Memoir] 
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leaves absolutely no doubt as to the validity of Cuvier’s original specific description of Mastodonte humboldien 

[see Cuvier’s original definition of the species as cited in Chap. V, p. 123, also the full description and discussion 

on pp. 576-578 of the present Memoir]. 

(2) A second departure by Cabrera from the Cuvierian nomenclature is the substitution of Fischer de Wald- 

heim’s specific term Mastotheriwm hyodon for Cuvier’s now classic Mastodon andiwm which pervades the entire 

literature from 1806-1824 to the present time. 

For reasons fully set forth in the present Memoir this classic mountain-loving species is referred to throughout as 

Cordillerion andium, a collective species. 

(3) A third departure from the nomenclatural standards of the present Memoir is Cabrera’s erroneous refer- 

ence to the genus Stegomastodon Pohlig of the classic Mastodon humboldtii Cuv. of the entire previous literature. 

Pohlig based the genus Stegomastodon on the species Mastodon mirificus Leidy, a type which both in its molar and 

mandibular structure (as shown in Figs. 553, 638 of the present Memoir) is generically different from the classic 

Mastodon humboldtiz Cuv. of all previous authors. 

(4) A fourth departure is the abandonment by Cabrera of the specific terms applied to the species and sub- 

species of the Mastodon humboldtii group in the sense used by all previous authors, namely, humboldtiz, chilensis, 

brasiliensis, bonaerensis, maderianus, and the retention only of platensis and superbus Ameghino, 1888. 

The profound alteration both of the generic and specific nomenclature of all previous literature (1806 to 

1930) makes it impossible for us to apply the reasonable rules of classic priority which have been set forth in 

Chapter II, Sec. I, 1-5, of the present Memoir. Moreover, the relation of Stegomastodon to the ‘Mastodon’ 

humboldtiz type renders Doctor Cabrera’s generic and subfamily classification very difficult to understand, and 

impossible to follow. In phylogeny he is no less difficult; and his radical alterations in the nomenclature make it 

impossible to follow his geographic, stratigraphic, and phylogenetic conclusions (pp. 136-140). 

ERRorRS OF PHYLOGENY AND CLASSIFICATION 

PuyLoGeny.—Cabrera discusses at length (pp. 73-80) the phylogenetic and subfamily relationships of the 

South American mastodonts, ending (p. 80) with the following new classification: 

a. Incisivos con banda de esmalte (Cwvieroniinae). 
b. Cutspides de los molares formando, por desgaste, tréboles a un solo lado; incisivos retorcidos. 

Cuvieronius hyodon (Fisch.). 
b’. Ctispides de los molares formando, por desgaste, tréboles en ambos lados; incisivos simplemente encorvados. 

Notiomastodon ornatus sp. 0. 
a’. Incisivos sin banda de esmalte (A nancinae). 

c. Perfil anterior del craneo concavo; incisivos relativamente delgados y muy poco encorvados, en las hembras rectos. 
Stegomastodon platensis (Amegh.). 

, c’. Perfil anterior del craneo convexo; incisivos gruesos y bastante encorvados. 
Stegomastodon superbus (Amegh.). 

Cabrera’s new subfamily and generic arrangement is as follows (p. 76): 
“TII. Cuvieroniinae (= Notorostrinae, en parte, Osborn). Sinfisis mandibular corta; incisivos superiores con banda de 

esmalte, los inferiores normalmente ausentes.”’ [Cabrera includes within this Andean subfamily the entire list of species placed 
in the present Memoir (pp. 549-566) within the genus Cordillerion, namely (pp. 80-90), [humboldtii-hyodon-andium], 
cordillerarum, andii, andicus, argentinus, chilensis, bolivianum, tarijensis, edensis, gratus, orarius, tropicus, oligobunis. In 
pe a replaces Cordillerion Osborn, 1926 (type Mastodon andium), by Cuvieronius Osborn, 1923 (type Mastodon 
umboldtiz)|. 

“TV. Anancinae (= Notorostrinae, en parte, y Brevirostrinae Osborn). Sinfisis mandibular corta; incisivos superiores sin 
banda de esmalte [Footnote: ‘Al decir que falta el esmalte en las defensas me refiero siempre, naturalmente, al aspecto 
definitivo de las mismas. Es muy probable que en todos los mastodontes, como ocurre en los elefantes actuales, los incisivos, al 
salir, tuviesen la punta revestida de esmalte, que desapareceria muy pronto por desgaste. Los incisivos de leche de Anancus 
arvernensis, por lo menos, presentaban este revestimiento terminal de esmalte (Schlesinger, 1917, pag. 133).’], los inferiores 
normalmente ausentes.”’ [This new Argentine subfamily includes the Mastodon humboldtii group of all previous authors. 
Accordingly Cabrera (pp. 96-140) arranges under the genus Stegomastodon all the species described in the present Memoir 

— . . 2 oe 
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(pp. 576-585) _under the genus Cuvieronius, as well as all true North American species of Stegomastodon described in the 
present Memoir. Thus (pp. 96- 140): Mastodon humboldtii is omitted because the type is supposed to belong to Mastodon 
andium; there follow the species Stegomastodon platensis (pp. 97-119), S. bonaerensis, S. rectus, S. maderianus, S. superbus, and 
S. pirayuiensis (pp. 120-135) which the author condenses within two species, namely, Stegomastodon platensis (pp. 97-119) 
and S. superbus (pp. 120—135).| 

In brief, Cabrera admits only two principal historic species of Argentine mastodonts of the Mastodon 

humboldtiz group, namely, platensis and superbus, thus differing from most authors of recent date, including 

Ameghino, 1888, 1889, who distinguish four species, M. platensis, M. rectus, M. humboldtii, M. superbus. To 

these he adds Notiomastodon ornatus as set forth below. 

GEOLOGIC SuccEssION AND HUMAN ASSOCIATION 

As to geologic or stratigraphic succession, Cabrera observes (translation, p. 138): 

Nevertheless, the small amount of trustworthy data which there is tends to prove that Stegomastodon superbus is more 
recent than S. platensis, and it is a significant fact that in some cases there have been encountered the two species, on separate 
occasions, in the same locality (in Salto and in Mercedes). Moreover, seeming little likely, because of ecological incompatibility, 
that two animals so closely related to each other coexisted in the same site, it seems logical that they belong to distinct 
horizons. In this connection, I may note that in the two cases in which we have remains of the two species of Stegomastodon 
from the same locality, their fossilization is not precisely identical, that of platensis being more fragile and somewhat darker in 
color than that of swperbus. , 

There can be no contradiction, however, to the opinion of Ameghino on the stratigraphical distribution of these two 
proboscideans, out of which he makes no fewer than five distinct species; Stegomastodon platensis (=platensis, rectus and 
maderianus) is almost certainly from the middle and lower Pampean, and S. superbus (including superbus and humboldti of 
Ameghino) seems to correspond to the upper Pampean. There can hardly be any doubt as to which is the most recent species 
existing before the appearance of man in South America. 

[Human Association.—] As I have said, I have reason to believe that the remains of the mastodon found in Cérdoba by [A.] 
Castellanos [1921], of which he figures the tip of an incisor artificially carved to convert it into a utensil,'"! are in reality S. 
superbus, and it would seem opportune to record here that in Ecuador there seems to be fully confirmed the contemporaneity with 
primitive man of a proboscidean which appears to belong to the same genus (Spillmann, 1929). 

SUMMARY OF CABRERA’S Memorr (Ossporn, 1931) 

To summarize, it is found impossible to adopt Cabrera’s nomenclature, classification, and revision without 

disrupting and rearranging the entire previous literature on the subject from 

Cuvier down to the present time, including the nomenclature of the present 

Memoir. 

It is, however, a pleasure, to set forth much new and valuable information 

contained in Dr. Cabrera’s work and to reproduce the greater part of his most 

admirable illustrations. Such reproduction has been rendered possible 

through his great courtesy in loaning to the American Museum the excellent 

original pen drawings of his figures 1 to 35. These figures have been reas- 

sembled chiefly under the specific names which he adopts, namely: 

Notiomastodon ornatus (figs. 2-5), a new and well defined genus. 

Stegomastodon |=Cuvieronius] platensis (figs. 6-23), including ( fide 

Cabrera) Mastodon humboldtii, M. bonaerensis, M. rectus, and M. maderianus 
Fig. 556. Cuvieronius superbus ref. Tip 

of tusk discovered in the Middle Pampean, 

: : “ 7 ey 2 Valley of the Reartes (Sierra de Cérdoba), 

Stegomastodon {= Cuvieronius] superbus (figs. 24-35), including M. hum- argentina, and described by Alfredo Castellanos 

ti ister), M. superbus Ameghino, M. rectus Ameghino, — i his article “La Presencia del Hombre Fésil,” 
boldtit in ae (fide Burmeiste ) } 8 , 8 1921, pp. 378-380, Lam. vi, vi. One-third and 

in part, M. piraywiensis Gez. five-sixteenths natural size respectively. 

of previous authors. 

On certain figures thus reassembled we have taken the liberty of introducing the generic names Cordillerion 

and Cuvieronius to which these species respectively are referred in the present Memoir. 

1Dr. Nels C. Nelson (letter, Nov. 4, 1935) questions the authenticity of this specimen as an artifact. (Osborn, Nov. 4, 1935) On the basis of an enamel 

tip, this specimen may be referable to Notiomastodon. 



SERRIDENTID@ fam. nov.’ 

SERRIDENTIN® Osborn, 1921’; 

Genus: NOTIOMASTODON? Cabrera, 1929 

Genotypic species: Notiomastodon ornatus Cabrera, 1929. 
Original reference: Cabrera, “Una Revision de Los Mastodontes Argentinos,” Rev. Mus. La Plata, 1929, XX XII, p. 90. 

FAMILY: 

SUBFAMILY: NOTIOMASTODONTINA subfam. nov.! 

Mastodontes con la mandibula de sinfisis corta y desprovista de incisivos, los incisivos superiores 
sencillamente encorvados en todas las edades, y con una banda lateral de esmalte, y las muelas bunolo- 
fodontas y con los conos de las dos series acompanados de cénulos accesorios, produciéndose por 
desgaste una doble serie de tréboles. 

E] genotipo es NV. ornatus, del Pleistoceno inferior argentino, que describo a continuacién. 
Considero necesario formar un nuevo género con el tinico mastodonte que conozco con los ex- 

presados caracteres, por no encontrar, entre los géneros ya establecidos, otro en que pueda ser incluido. 
Todos los demas mastodontes con banda de esmalte en las defensas son Gomphothertinae o Rhynchotherii- 
nae, es decir, tienen sinfisis mandibular muy larga e incisivos inferiores, aparte de las especies del género 
Cuvieronius, tan caracteristicas por la forma retorcida de sus incisivos, y que ademas tienen los molares 
diferentes, con ctispides truncadas en trébol a un solo lado. Gidley (1926, pdg. 85) ha descrito, con el 
nombre de Anancus bensonensis, un mastodonte del Phoceno de Arizona que, por la forma de sus 
molares, pudiera muy bien pertenecer a este género, pero no se conoce con seguridad el aspecto de sus 
defensas, si bien dicho autor piensa que podrian atribuirsele algunos fragmentos con banda de esmalte 
hallados en la misma localidad. 

Notiomastodon ornatus Cabrera, 1929 

Figures 498, 557, and 581a, also Pls. rx and xu 

From Monte Hermoso, Province of Buenos Aires, Argentina. 

mente, Pleistoceno inferior.” 

“Probable- 

Notiomastodon ornatus Cabrera, 1929. ‘‘Una Revisién de Los 

Mastodontes Argentinos,” Rev. Mus. La Plata, Vol. XX XII, p. 91. 

“Tipo.—Rama mandibular derecha de un individuo semiadulto 
(m, medio desgastado y mez saliendo) y una defensa del mismo, 

obtenidas por el senor Ignacio Lista en la Playa del Barco, Monte 

Hermoso, provincia de Buenos Aires. Coleccién del Museo 

Nacional Bernardino Rivadavia, n° 2157.”! [Fig. 557 of the present 

Memoir.] 

“Distribucién.—Hasta ahora, sdlo se conoce esta especie de la 
provincia de Buenos Aires, siendo la localidad tipica la tnica 

determinada con seguridad.” 

“Forizonte—Probablemente, Pleistoceno inferior. El yaci- 
miento tipico ha sido atribuido por Ameghino (1908) a su Peuel- 

chense, por Kraglievich (1926) al Pampeano inferior cuspidal, por 

Frenguelli (1928) al Lujanense, que este autor sittia en el comienzo 

del Postpampeano, y por Castellanos (1928) al Belgranense. Lo 

que se puede afirmar, es que su fauna es francamente pampeana, 

pero con caracteristicas muy primitivas (formas pequefhas, presen- 

cia de Typotheriwm, etc.).” 

AUTHOR’S DESCRIPTION OF TYPE TUSK? (FIG. 557C) AND OF 

RIGHT INFERIOR MANDIBLE (FIG. 557D) 

The following citations are from Cabrera’s Memoir of 1929 

(pp. 92, 93) regarding the type of Notiomastodon ornatus in the 

Museo Nacional Bernardino Rivadavia, No. 2157!: 

“ Descripcién.—Juzgando por los escasos restos de que hasta 

ahora se dispone, Notiomastodon ornatus era un mastodonte de 

'(Osborn, July, 1934—see Osborn, 1935.937, fig. 2). 

tamanio pequefio, comparado con las otras especies sudameri- 

canas; probablemente, no mucho mayor que Elephas sumatranus 

Temminck, 0 que Loxodonta cyclotis pumilio Noack (Pohle, 1926, 

pag. 60). Sus defensas, suavemente encorvadas, disminuyen gra- 

dualmente de grueso, y presentan una banda de esmalte prdéxi- 

mamente paralela al plano de curvatura del diente y muy bien 

marecada, sobre todo hacia la punta, donde es plana y sobresale en 

fuerte relieve (figs. 2 y 3). Por comparacién con otros masto- 

dontes, puede deducirse que la banda era lateral externa, estando 

los incisivos encorvados hacia arriba y un poco hacia afuera; no 

creo que lo estuvieran hacia abajo, porque en los mastodontes en 

que ocurre asi, como son los géneros longirrostros 0 Cuvieronius 

hyodon joven, la curva nunea es tan pronunciada como la que 

ofrece el incisivo adulto del Museo de La Plata (fig. 3b). La 

anchura de la banda es, aproximadamente, igual a un sexto de la 

circunferencia del diente. Las dimensiones del incisivo del tipo, 

que esta incompleto en la raiz, y de dicho ejemplar adulto, son las 

siguientes [see below, p. 592]:”’ 

“Bl ancho de la banda de esmalte en el incisivo completo del 

Museo de La Plata no puede apreciarse con exactitud porque, salvo 

en la punta, esté muy destruida, siendo en algunos sitios dificil 

distinguirla del cemento, que también esta mal conservado.” 

“El m, y el m2 son trilofodontos, con las crestas divididas en dos 
cuispides, como en todos los mastodontes bunolofodontos. Cada 

una de las ctispides consiste en un gran cono que del lado interno, 0 

sea hacia la linea media del diente, presenta un rudimento de cénulo 

accesorio, y ademas lleva delante y detras, y siempre junto a dicha 
linea media, un cénulo bien sefialado; de modo que el desgaste del 

molar produce un truncamiento en doble serie de tréboles, un poco 

mas grandes los de la serie externa por ser las ctispides de este lado 
mayores que las opuestas. En el Angulo antero-externo del diente 

Original specimens loaned by the Museo Argentino de Ciencias Naturales (in Buenos Aires)— 
formerly known as the Museo Nacional Bernardino Rivadavia—prove that Notiomastodon is a specialized South American migrant of the Serridentide. 
In the Appendix to this Volume (I), the present author removes this genus from the subfamily Serridentine and makes it the type of a new subfamily, the 

Notiomastodontine; he also defines the Serridentide fam. nov. 

2(Simpson, letter, Sept. 25, 1931) “The tusks of Notiomastodon ornatus have never been found in the skull and even their alveoli are unknown. Cabrera 
points out that allied forms with comparable tusk curvature and without tusks in the lower jaw generally have the tusks curving upward, and in those with a 
downward curvature this is generally less than in ornatus and tusks are generally present in the lower jaw.” 
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hay una serie de pequefias ctispides incipientes, que forman como 

un comienzo de cingulo muy finamente dentado, y también 

aparecen indicios de ctispides pequefitas en los bordes laterales de 
la corona, a la salida de los valles o espacios que quedan entre las 
erestas. Detras de la tercera cresta hay un pequefio cono central, 

acompanado por el lado lingual de una corta serie de eénulos cada 
vez mis chicos, formando medio talén (fig. 4).”’ 

AUTHOR’S DESCRIPTION OF REFERRED MOLAR 

Cabrera’s description (1929, pp. 93, 94) of a third right inferior 

molar, which he referred to Notiomastodon ornatus, is as follows: 
“El m;, tiene cuatro crestas, la tiltima bastante mis estrecha 

que la pentiltima por la notable reduccién de su ctispide externa, y 

todas parecidas a las de los otros dos molares; pero, a diferencia de 

éstos, presenta un talon compuesto de seis 0 siete conos pequefios, 
uno central y los demas dispuestos a su alrededor, lo que hace que 
por el desgaste resulte una figura parecida a una roseta (fig. 5). 
En los individuos muy viejos, este dibujo tiende a perderse, porque 
a causa del excesivo desgaste se funden entre si los efreulos de 

esmalte correspondientes a dichos conos.”’ 
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MATERIALS 

Type (Mus. Nac. Bernarpino Rivapavia 2157'): Right 

mandibular ramus containing M, with Mz partly erupted (Cabre- 

ra, fig. 4, p. 93), also right superior tusk (op. cit., fig. 2, p. 91), 

figure 557 D, E, C of present Memoir. 

Province of Buenos Aires, Argentina. 

REFERRED (Mus. Nac. Bernarpino Rrvapavia'): ‘La 

mandibula, incompleta, de un individuo muy viejo, conservando en 

ambos lados el ms muy gastado, de Playa del Barco (n° 9445). 

Creo poder atribuir también a la misma especie una rama mandibu- 

lar derecha, sin ningtin dato de localidad, que tenemos en el Museo 

de La Plata (n° 8-52), y que corresponde a un ejemplar todavia 

joven, con el dm, in situ y el m saliendo, asi como un atlas incom- 

pleto que figura en la misma coleccién (n° 8-195), igualmente sin 

indicaci6n de procedencia [p. 92].” 

REFFERRED (Mus. La Piata): No. 8-53. Fragment of right 

mandibular ramus of an adult individual (M; moderately worn, 

Cabrera, op. cit., fig. 5, p. 95), Monte Hermoso, Argentina. No. 

8-47. Point of an adult superior incisor of the right side (op. cit., 

fig. 3a, p. 92—Fig. 557A); Province of Buenos Aires. No. 8-45. 

From Monte Hermoso, 

: 
Fig. 557. (A-C) Notiomastopon orNaTuS TyPE AND Rererrep Tusks, (D, E) Type Jaw,” (F) Type Tusk or Mastopon 

[=Nor1oMAsTopON] ARGENTINUS. COMPARE PLATE XII IN APPENDIX TO THE PRESENT VOLUME I. 

After Cabrera, 1929, assembled from figures 2 (type tusk), 3 (referred tusks), 4 (type mandible). Tusks uniformly reduced to one-fifteenth natural size; 

mandible to one-fifth natural size. 
It seems probable that all these tusks, as restored herewith, should be downturned rather than upturned as in the above illustration after Cabrera and 

Ameghino. 

A, Point of an adult tusk (Mus. La Plata 8-47), after Cabrera, fig. 3a, p. 92. Length 640+ mm. From Province of Buenos Aires, Argentina. 

B, Complete adult tusk (Mus. La Plata 8-45), after Cabrera, fig. 3b, p. 92. Length 1390 mm. From Province of Buenos Aires, Argentina. 

C, Type tusk (Mus. Nac. Bernardino Rivadavia 2157'), after Cabrera, fig. 2, p. 91. Length 730+ mm. One-fifteenth natural size. 

Hermoso, Province of Buenos Aires, Argentina. 

From Monte 

D, Type right inferior mandible (Mus. Nac. Bernardino Rivadavia 21571); juvenile with r.M, (10865 mm.) in use, r.My (145X74 mm.) not erupted. 

One-fifth natural size. After Cabrera, fig. 4, p. 93. 

E, Lateral view of type ramus of Notiomastodon ornatus Cabrera, bearing the inscription: “2157. Ramus mandibular de Mastodon. Form. pampeana, 

Playa del Barco, M. Hermoso.” Drawn after original type kindly loaned to the American Museum by the Museo Argentino de Ciencias Naturales. 

F, Mastodon argentinus type tusk, with broad enamel band, not spiral; otherwise resembling Cordillerion andium. After Ameghino, 1889, p. 644 (see 

Fig. 510 of the present Memoir). Referred to Notiomastodon argentinus in present Memoir. 

1Now known as the Museo Argentino de Ciencias Naturales (in Buenos Aires). 

°This type mandible is refigured in the Appendix of this Volume (PI. x1). 
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Adult tusk complete but superficially eroded (op. cit., fig. 3b, p. N. ornatus type tusk (Rivadav. Mus. 2157') 730+mm. 

92—Fig. 557B;) Prov. of Buenos Aires. N. ornatus, complete adult tusk (Mus. La Plata 8-45) 1390 

The above materials include remains of three incisive teeth N. argentinus type tusk (ef. Fig. 510 of present 

of different ages but identical in character, as reproduced in our Memoir). 1040e 

figure 557, also a young lower jaw and a complete third right inferior Osborn, 1931: Observe that the smaller and more slender type 

molar, which taken altogether give us an excellent idea of the char- _ tusk (Fig. 557C) and juvenile inferior type mandible (Fig. 557D,E) 

acters of the genus Notiomastodon and species ornatus. The com- probably represent a female, as compared with the more robust 

parative incisive tusk measurements are as follows: referred tusks (Fig. 557A,B). Observe the type r.M, with con- 

spicuous internal and external trefoils, cones 
= : obec —& Ref placed opposite each other, and rudimentary 

yj - tetartolophid. The referred r.M; (Mus. La Plata 

All 75 Nat. gi7e No. 8-44. 8-53—see Cabrera, 1929.1, fig. 5, p. 95) is dis- 

tinguished by large external trefoils, rudimentary 

internal trefoils, outer and inner cones obliquely 

placed, 4% ridge-crests, and seems to be relatively 

more primitive than the type molars, Mi, Ms 

(Fig. 557D). The type tusk of ‘Mastodon’ 

argentinus (Fig. 557F) is much longer and more 

slender than that of Notiomastodon ornatus. 

Cabrera (op. cit., pp. 86-89, 95) fully discusses 

Ameghino’s type of ‘Mastodon’ argentinus (Figs. 

510, 557F) and wrongly believes that it is related 

to the ‘Mastodon’ andium group. In the present 

Memoir this species is described as Notiomastodon 

argentinus, quite distinct in its non-spiral tusks 

from the typical Cordillerion andium. 

It seems probable that all these tusks should 

be downturned rather than upturned as in the 

above illustration after Cabrera and Ameghino. 
Fig. 558. Superior Incisive Tusks or (B) Cuvrmronius PLATENSIS AND (A, C) Cuv. REcTUS 

Inferior Pampean. After Cabrera, 1929, figures 13 and 14. One-fifteenth natural size Notiomastodon argentinus Ameghino, 1888 

C, Cuvieronius rectus ref., female from Tapalqué, Province of Buenos Aires, Argentina. he re : F 
(Cabrera, 1929, fig. 14): “‘Stegomastodon platensis: defensa de hembra, Museo La Plata, n° 8-44. The original description of this species, the 
(x¥).” Length 630 mm. This small, straight tusk resembles the female tusk of ‘Mastodon’ rectus type of which is a superior tusk, appears on page 

Ameghino, type. 550, as the present author first regarded it as be- 
B, Cuvieronius platensis Ameghino, type. Adult male from San Nicoldis de los Arroyos, longing to the genus Cordillerion. As explained 

Province of Buenos Aires, Argentina. Dept. Pal. Mus. La Plata 8-63. For full description and on page 541, this species has now been trans- 

figure see page 579 of the present Memoir. Length 1720 mm. ‘ ; 2 

A, Al, Cuvieronius rectus Ameghino, type. Very aged male from La Ensenada, near La Plata, ferred to Cabrera s genus Notvomastodon, 1929; 

Argentina. Mus. La Plata 8-38. For full description and figure, see pages 580, 581 of the present 1 1S illustrated in figures 510 and 557F of the 
Memoir. Originally figured by Ameghino (our Figs. 490 and 545). present Memoir. 
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Fig. 559. (Left) ‘Mastodon’ humboldtii Cuvier. Bolivia paratype, 1.M3, after Cuvier, 1806.3, Pl. 67 [11], fig. 12. Two posterior ridge-crests and talonid 
parallel in evolution to Cuvieronius platensis, 1.M® (right). e 

(Right) Cuvieronius platensis Ameghino. Argentine referred 1.M%, after Cabrera, 1929, fig. 9. Left third superior molar, l.M%, with 5 ridge-crests and 
biconed talon, closely parallel in evolution to ‘Mastodon’ humboldtii, 1.Mg (left). Compare figure 562D, the same palate. 

‘See footnote 1 on page 591. 



eS 

THE HUMBOLDTINA: CUVIERONIUS 593 

REVIEW AND Critique OF CABRERA’S SPECIFIC REFERENCES, 1929 
It seems ungracious to utilize the beautiful drawings placed at our disposal by Dr. Angel Cabrera and at the 

same time to dissent from many of his specific references, as we have found ourselves obliged to do in the case of 
his generic references. By way of apology it may be said that in the present Memoir we have found it necessary 
to treat in the same manner the work of all authors, namely, to revise unsparingly all ancient and modern work 
according to new phylogenetic standards. In the present Memoir this has been done with such outstanding 
figures as Blumenbach, Cuvier, Falconer, Gaudry, Leidy, Cope, and Ameghino, in the same spirit in which we 
are now revising Cabrera and are preparing to revise Osborn’s own work wherever it may prove not to stand the 
acid test of phylogeny. 

Let us finally’ consider Cabrera’s synopsis of the undoubtedly more ancient and more primitive ‘Stego- 
mastodon’ [Cuvieronius] superbus in comparison with the more modern and possibly [Osborn] more recent [Cuv.] 
platensis. 

Cuvieronius platensis Ameghino, 1888. Concave anterior profile of _ Cuvieronius superbus Ameghino, 1888. Type.—A pair of tusks 
cranium. Tusks relatively slender or somewhat incurved, in 

females straight. Superior and inferior grinders with 5% 

ridge-crests, cones opposite, La Plata Mus. 8-6 (Fig. 9). 

(Includes ‘ Blephas’ Humboldtii of de Blainville, M@. Hwmbold- 

tii of Laurillard, M. andium of Falconer and Cautley, Dibelo- 
don Humboldtii Cope, M. platensis Amegh., M. bonaerensis 

Moreno, Dibelodon cordillerarum Cope, M. rectus Amegh., 

M. maderianus Amegh., and Dibelodon platensis Carette.) 

Typr.—An adult superior tusk from the Province of 

Buenos Aires (La Plata Mus. 8-63). 

DistrisutTion.—Chiefly from the Provinces of Buenos 

Aires, Santa Fé, and Entre Ridés, also from Uruguay. 

and an adult mandible with M; much abraded. From Per- 

gamino, Province of Buenos Aires (La Plata Mus. 8-8). Supe- 

rior and inferior grinders with 4! ridge-crests, double trefoils. 

Type Ficure.—Cabrera, 1929, fig. 28a. (Fig. 563 of 

the present Memoir.) 

DistrisuTion.—All the known remains of this species 

are from the northern part of the Province of Buenos Aires 

and the Province of Cérdoba. 

Horizon.—Superior Pleistocene. Ameghino attributes 

this species to his horizon Lujanense, or ‘lacustrian Pampean.’ 

MarTeriAts.—A very incomplete skull, pelvis, femur, tibia, 

etc., from the Province of Buenos Aires (Mus. La Plata 8-3); 

cranium described by Ameghino as M. Humboldtii. (Includes 

specimens referred to M. humboldtii by Burmeister, to M. 

humboldtii by Ameghino, to M. rectus? by Ameghino, to M. 

platensis by Gez, to M. pirayuiensis by Gez, to M. andium? 

by Castellanos. ) 

Horizon.—The typical horizon of ‘M.’ platensis, accord- 
ing to Ameghino, is the Belgranense. 

This species may be considered as belonging to the middle 

or lower part of the Pampean formation. 

MaArTeERrIALS.—Besides the type are numerous examples in 

the Museum of La Plata, portions of crania, of tusks, of lower 

jaws, and many parts of the skeleton. See figure 562. 

The normal phylogenetic order of ridge-crest evolution in the HUMBOLDTIN# Is as follows: 

Progressive stages with 6% to 74 ridge-crests, quadruple trefoils = Stegomastodon aftoniz (1.M*, Fig. 580). 

Progressive stages with 5% ridge-crests and double trefoils = Cuvieronius platensis, (r.M*, 1.Ms, Fig. 560). 

Ancestral stages with 4% ridge-crests and double trefoils = Cuvieronius superbus (1.M*, 1. Ms, Fig. 561). 

Ancestral stages with 4% ridge-crests and single trefoils= Cuvieronius ayore; C. rectus ref. (1.M*, Fig. 546). 

DovustTruLLty Rererrep Morars.—Both Ameghino and Boule define ‘Mastodon’ platensis as possessing 

single trefoils, whereas Cabrera’s (1929) figures reproduced on the next page (Fig. 560) exhibit double trefoils; 

since ‘M.’ platensis was defined by Ameghino as possessing single trefoils, the molar shown in Cabrera’s figure 

cannot typically be referred to ‘M.’ platensis, of which ‘M.’ rectus Amegh., ‘M.’ maderianus Amegh., and ‘M.’ 

bonaerensis Mor. are said by Cabrera to be synonymous. 

The highly plicated ‘M.’ superbus molars reproduced after Cabrera, in our figure 561, from the superior 

Pampean, Mercedes, are relatively short and broad, exhibiting (1) only four ridge-crests, (2) highly plicated 

entotrefoils on M* and highly plicated ectotrefoils on Ms, (3) small ectotrefoils on M* and small entotrefoils 

on M3. 

1See Appendix to the present Volume I, under the heading ““The New Family Humboldtid®.” 



Cuwieronius platensis ref Mus. La Plata 

Fig. 560. Suprrior AND INFERIOR Mouars or CuvieRoNnius 

PLATENSIS REF. (BY CABRERA) 

One-third natural size 

No. 8-19 

¥3 nat. size 

(Cabrera, 1929, fig. 15): ‘‘Stegomastodon platensis: m* 

derecho, Museo La Plata, n° 8-19. (X}4).”’ (Op. cit., p. 103): 

‘““M® con cinco crestas, la quinta muy pequena y sin cénulos 

accesorios bien definidos, constituyendo mis bien la primera 

parte de un talén que se completa con dos o tres cénulos pos- 

teriores (figs. 9, 15).”” 

(Osborn) Third right superior molar, r.M°, biconvex, 

tetralophodont+ (44+ridge-crests), double trefoils subequal 

in size, supero-internal more worn, 195X84 mm. Observe 

that this 4-5+ ridge-crested superior molar is relatively long 

and narrow, agreeing with the relatively long, narrow inferior 

molars of Mus. La Plata 8-6, measuring 20585 mm. 

(Cabrera, 1929, fig. 16): ‘“‘Stegomastodon platensis: m3 

izquierdo, Museo La Plata, n° 8-18. (X}4).’’ (Op. cit., p. 

108): “En el m3 hay también cinco crestas, la ultima igualmente 

muy sencilla, aunque algo mds grande que en el superior, y 

seguida también de dos o tres cénulos dispuestos en un grupito 

transversal (figs. 11, 12, 16).’”’ From Capitdin Sarmiento, 

Argentina. 

(Osborn) Third left inferior molar, 1.M3, 5! ridge-crests 

(pentalophodont+), double trefoils, infero-external slightly 

larger, more worn, 24091 mm., plano-convex; pentalophid 

without trefoils, 6 conelets; hexalophid with 3 conelets. 

Inferior or Middle Pampean. After Cabrera, 1929 (upper, fig. 15; lower, 

fig. 16). Superior ridge-crests transverse; inferior ridge-crests proverted. 

L.M3 : 
No. 8-407 a _ WVo.8-25 

SUPERBUS 

Mus. La Plata 43 Nat. size 

Fig. 561. Superior anp Inrertor Morars (4!5 Rip@s-crests) or CuvieRONIUS suPERBUS ReEr. (By CABRERA) 

Female (left), male (right). One-third natural size 

From superior Pampean, Mercedes, Province of Buenos Aires, Argentina. Reassembled after Cabrera’s original drawings of 

‘Stegomastodon’ swperbus (cf. 1929, figs. 29, 30). Mus. La Plata 8-407 and 8-25. 

Fig. 29a. Mus. La Plata 8-407. Third superior molar, 1.M*, supero-internal trefoils larger, more worn, 185 X90 mm., tetra- 

lophodont + (ridge-crests, 444), plano-convex. “ Probablemente hembra.” 

Fig. 29b. Mus. La Plata 8-407; same individual. Third inferior molar, ].M3, infero-external trefoils larger, more worn, 222 X 

90 mm., tetralophodont+ (ridge-crests 4!6-+), concavo-convex. 

Fig. 30. Mus. La Plata 8-25. Third superior molar, 1.M*, supero-internal trefoils larger, more worn, 220100 mm., tetra- 
lophodont+ (46 ridge-crests), biconvex. 

Fig. 30. Mus. La Plata 8-25. Third superior molar, r.M°, supero-internal trefoils larger, strongly plicate, tetralophodont + 
(446 ridge-crests), biconvex. 

594 a ee 



THE HUMBOLDTINA: CUVIERONIUS 595 

GEOLOGIC AND GEOGRAPHIC DISTRIBUTION OF SPECIES OF CUVIERONIUS, Srmpson, 1931 

Throughout the present Memoir great importance is attached to the geologic horizons or levels, especially of 
the type specimens and of the genotypic species of the various genera. Unfortunately we have not very clear or 
positive records of the geologic horizons of any of the typical South American species. The following notes by 
Dr. George Gaylord Simpson (dated Buenos Aires, September 25, 1931) tend to confirm the records given by Dr. 
Angel Cabrera: 

Cordillerion. Nowhere in the Buenos Aires or La Plata collections is there any true ‘Mastodon’ andium or hyodon from 
the plains region. It occurs along the Cordillera from Colombia to Chile. If it occurs in the Argentine at all, which is doubtful 
it is only in the far northwest, in the Cordilleran zone. The other three Argentine species [platensis, superbus, ornatus] are 
confined to the extra-Andean zone and therefore do not occur in association with the Andean form. Authors who make state- 
ments to the contrary have correctly recognized the presence of two separate species in the pampa region, but have incorrectly 
identified these two species as ‘andium’ and ‘humboldtii.’ ; 

Cuvieronius. The species platensis occurs in the Argentine provinces of Buenos Aires, Entre Rfos, and Santa Fé, and 
py also in Uruguay, that is, in the plains region contiguous to the rivers Parana and Uruguay and their estuary, the 

ata. 
The other species, superbus, is known from the northern part of Buenos Aires province (including the federal capital, the 

city of Buenos Aires) and the adjacent plains, part of the province of Cérdoba. As an example, one of the best finds was made 
here (Buenos Aires) only a few weeks ago. The specimen is a good one and may surely be identified as superbus. With a 
number of Argentine scientists, I visited and studied the locality and saw part of the specimen in place, in an excavation in the 
heart of the city for a new subway. On the basis of a supposedly associated typothere, the horizon was at first considered as 
Lower Pampean. Later it appeared from conversation with a foreman that the specimens were not associated. Other data and 
further study have resulted in a rapid fluctuation of opinion from Lower to Middle to Upper Pampeanand back again. Yet the 
data on this specimen are incomparably better than for almost any other known. 

The two ranges overlap extensively, and both species seem to be typical of the pampa. Both species [platensis, superbus| 
have been confused with or considered as synonymous with humboldtii and in most of the literature it is impossible to know 
which is meant without a restudy of the particular specimen in question. [Osborn (1933). Cuvieronius humboldtii ridge- 
crests are much more primitive.| 

Their horizons are commonly accepted as Lower and Middle Pampean for platensis and Upper for superbus. This is chiefly 
on the authority of Ameghino and the data are not wholly satisfactory. Few specimens are of exactly known origin, and even 
when this is known, the age is not always certain. 

S. [Cuv.] platensis is smaller than swperbus and its molars have fewer accessory cusps, but tend to have a higher number of 
crests. Its tusks are nearly straight and rather slender, while those of swperbus tend to be more curved and very thick. To me 
it seems impossible to consider one as definitely more primitive than or ancestral to the other or to form any a priori judgment 
of their probable relative ages. 

They have never been found together,! and it is to some extent unlikely that two species so similar and with nearly identical 
geographic ranges should be contemporaneous. There is some probability that platensis is older, but this is far from being an 
established fact. 

Cabrera lists the geologic levels and localities of the types as follows: 
DS = OOO Eee —<“<;7CS 

Cuvieronius superbus (=humboldtii, and mastodon from Cérdoba, see Castel- 
lanos, 1921), Pergamino, Province of Buenos 
Aires Upper Pleistocene ‘‘seems to correspond 

to the Upper Pampean.”’ 
Notiomastodon ornatus, Monte Hermoso, Province of Buenos Aires Probably Lower Pleistocene 
Cuvieronius platensis (=rectus, = maderianus), San Nicolas de los Arroyos, 

Province of Buenos Aires “Almost certainly from Middle or Lower 
Pampean,”’ = ?Lower Pleistocene 

According to Cabrera and Simpson above, the posterior grinding teeth referred (Fig. 560) to Cuvieronius 

platensis appear to be more progressive,” that is, with more ridge-crests (5s) than the posterior grinding teeth re- 

ferred (Fig. 561) to C. superbus (4%+-), as shown in the excellent figures of Cabrera in the present section (6). 

1Cuvieronius superbus is found in a central area of the Province of Buenos Aires. C. platensis is found in areas to the north and to the south of this central 

area. 

*See Appendix to the present Volume I, under the heading “The New Family Humboldtidae,” for remarks by Colbert as to the significance of the num- 

ber of ridge-crests and the amount of enamel folding in the molars of these two species. 



CUVIERONIUS PLATENSIS [AND ?SUPERBUS] CRANIA AND MANDIBLES, AFTER CABRERA, 1929 

Fig. 562. (B) Typr or Cuvimronius BONAERENSIS Moreno (cr. C. supERBUS AMEGHINO) 

(A, C, D) Rererrep BY CABRERA TO STEGOMASTODON [| =CUVIERONIUS] PLATENSIS AMEGHINO 

Reproduced one-fifteenth natural size from Cabrera’s Memoir of 1929, by courtesy of Dr. Angel Cabrera 

Assembled from Cabrera’s figures of ‘Stegomastodon’ platensis: 6-8 (crania and mandible), 9 (palate), and 10-12 (mandibles) 

Nore (Osborn, 1933).—The long, straight tusks and the 445 molar ridge-crests appear to relate the cranium (B) and mandible (B1) to Cuvieronius 

superbus rather than to C. platensis (M 3434 ef. superbus). 

A, Mus. La Plata 8-4. Cranium of young individual of Cuvieronius platensis. Mercedes, Province of Buenos Aires. Donation of José Larroque, who 

collected the Cope Pampean Collection of The American Museum of Natural History. After Cabrera, fig. 8, p. 101. 

B, Mus. La Plata 8-1. Lateral and anterior views of adult cranium with restored occiput and left frontal region of the type of Cuvieronius bonaerensis, 

Arrecifes, Province of Buenos Aires, Argentina. After Cabrera, fig. 6, p. 99. Bl, Jaws of same individual. After Cabrera, figs. 6, 7, lla. (B) Ridge-crests 
(M*) 4), (Ms) 4!5+. This classic skull in the Museo La Plata was made the type of Mastodon bonaerensis by Moreno in 1888 and figured by Carette in 
1919 as Dibelodon platensis (see Fig. 532). 

C, Mus. La Plata 8-50. Adult mandible of Cuvieronius platensis, lacking posterior half of right ramus. Observe 5'4 ridge-crests. After Cabrera, fig. 12, 

p. 108. 

D, D1, Mus. La Plata 8-6. Aged female maxilla (palatal view) and mandible (side and superior views) of Cuvieronius platensis. Salta, Province of Buenos 

Aires, Argentina. After Cabrera, figs. 9, 10b, 11b. For enlarged view of 1.M%, see figure 559 (right). 
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CUVIERONIUS SUPERBUS CRANIA AND MANDIBLES, AFTER CABRERA, 1929 

Fig. 563. (A) Typ; (B-E) rereRRED BY CABRERA TO CUVIBRONIUS SUPERBUS AMEGHINO, (B, C) REFERRED BY OsBorN TO C. PLATENSIS 

Reproduced one-fifteenth natural size from Cabrera’s Memoir of 1929. By courtesy of Dr. Angel Cabrera 

Assembled from figures 24a, 24b (crania), 25, 26 (mandible), 28 (tusks) 

A, Mus. La Plata 8-8. Type superior tusk of an adult individual; length 2200 mm., mid-circumference 540 mm. Pergamino, Province of Buenos Aires, 

Argentina. After Cabrera, 1929, fig. 28a, p. 127. 

Al, A2, Mus. La Plata 8-8. Type mandible, lateral and superior views. Pergamino, Province of Buenos Aires, Argentina. After Cabrera, 1929, figs. 

25, 26a, pp. 123, 124. 

B, Mus. La Plata 8-40. Tusk of a semi-adult [female] individual; length 1280 mm., circumference at base 450 mm., mid-circumference 445 mm. Locality 

unknown. After Cabrera, 1929, fig. 28b, p. 127. Observe greater curvature and resemblance to C. platensis ref. 

C, Mus. La Plata 8-42. Tusk of a young individual from Mercedes, Province of Buenos Aires, Argentina. After Cabrera, 1929, fig. 28c, p. 127. Observe 

curvature resembling that of C. platensis ref. 

D, D1, Mus. La Plata 8-3. Referred semi-adult cranium, with incomplete occiput and right premaxillary, left and anterior aspects. Matanzas River, 
Province of Buenos Aires, Argentina. After Cabrera, 1929, fig. 24a, b, p. 122. Compare figure 497 (cranium of C. humboldtii ref. in Paris Museum). 

E, Mus. La Plata 8-157. Incomplete mandible, semi-adult, with alveoli of Me, roots of Ms, and narrow rostrum. Associated with femur. Carlos Casares, 

Province of Buenos Aires, Argentina. After Cabrera, 1929, fig. 26b, p. 124. 
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Fig. 564. (A, H, I) Cuvimronius piatensis Rer., (B-G) Type SKELETON OF CUVIERONIUS BONAERENSIS [=SUPERBUS] Mor. 
Cuvieronius platensis smaller, more slender than C. superbus (Fig. 565). Inferior Pampean. Uniformly reduced to one-tenth natural size 

After Cabrera, 1929, assembled from figures 17 (atlas), 18 (axis), 19 (dorsals), 20 (humerus), 21 (ulna), 22 (femora), 23 (tibia). Observe that the femur, 

humerus, first and third dorsals, ulna, and tibia, are of one individual (Cuvieronius bonaerensis), also that the humerus, ulna, femur, and axis are smaller and 

much lighter in construction than those of Cuvieronius swperbus shown in figure 565.! 

Cuvieronius platensis ref. (Mus. La Plata 8-67) from the arroyo Chelforé, Ayacucho, Province of Buenos Aires, Argentina: 
A, Left femur. Length 1030 mm. Fig. 22b. : ; 

Cuvieronius bonaerensis (Mus. La Plata 8-1); type skeleton of Mastodon bonaerensis Moreno, from Arrecifes, Province of Buenos Aires, Argentina: 
B, Right femur. Length 980 mm. Fig. 22a. 

C, Right humerus. Length 795 mm. Fig. 20. 
D, Third dorsal. Fig. 19b. 

EB, Right tibia. Length 750 mm. Fig. 23. 

F, Right ulna. Length 780mm. Fig. 21. 

G, First or anterior dorsal. Fig. 19a. 
Cuvieronius platensis ref. (Mus. La Plata 8-18), from Capitan Sarmiento, Province of Buenos Aires, Argentina: 

H, Atlas. Fig. 17. 

I, Axis. Fig. 18. 

[‘Resemblances in the molar ridge-crests of ‘M.’ bonaerensis to those of Cuvieronius superbus, as well as differences in the size and curvature of the incisive 
tusks from those of 'M.’ platensis, led the present author to relate ‘M.’ bonaerensis to C. superbus.—Ep1vo0R.] 

598 



SUPERBUS /Zuseo Le Plata 

All 4o Nat size” = 

Vo. 8-157 Vo. 8-30 Vo. 8-25 V0 8-3 Wo. 8 -/6/ Wo. 8-2/8 

Fig. 565. SKELETON REFERRED TO CUVIERONIUS SUPERBUS 

Larger, more massive than Cuvieronius platensis (Fig. 564). (?)Superior Pampean. 

Uniformly reduced to one-tenth natural size. Length estimated from figures. 

After Cabrera, 1929, assembled from figures 31 (axis), 32 (humerus), 33, 34 (femora), 35 (tibia) of ‘Stegomastodon’ superbus. 

A, Left femur (Mus. La Plata 8-157), from Carlos Casares, Province of Buenos Aires, Argentina. Length 1020 mm. Fig. 34a. 

B, Left femur (Mus. La Plata 8-30), from Province of Buenos Aires, Argentina. Length 1055mm. Fig. 33b. : 

C, Right femur (Mus. La Plata 8-25), from Mercedes, Province of Buenos Aires, Argentina. Length 1110 mm. Fig. 33a. 

D, Right femur (Mus. La Plata 8-3), from Rio Matanzas, Province of Buenos Aires, Argentina. Length 970 mm. Fig. 34b. 

FE, Axis (Mus. La Plata 8-55), from the “arroyo del Medio.” Fig. 31. 

F, Right humerus (Mus. La Plata 8-161), from Cafuelas, Province of Buenos Aires, Argentina. Length 800 mm. Fig. 32. 

G, Left tibia (Mus. La Plata 8-218), from Salto, Province of Buenos Aires, Argentina. Length 633 mm. Figs. 35a, b. 
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Fig. 566. Cuvieronius supprpus (Lerr) anp C. PLATENSIS (RIGHT) RESTORED UNDER THE DirectTion oF HENRY FaArRFIELD OSBORN, 

BY MareGret Frinscu (1932) 

Uniform scale of one-fiftieth natural size 

The outlines of the crania and of the limbs rest entirely on the largest of the skeletal remains respectively referred to these two species in the La Plata 

Museum, as figured in 1929 by Cabrera, namely, Cuvieronius superbus, an animal of larger size, and C. platensis, an animal of smaller size. 
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EUBELODON MORRILLI, ‘PpRFECT TusKER’ OF NORTHERN NEBRASKA 

Fig. 567. Type skull and jaws (after reconstruction) of Hubelodon morrilli Barbour, 1914 (Neb. Mus. 1-16-5-13); also 

portion of referred upper vertebral column, one-tenth natural size. From Devil's Gulch B, Brown County, Nebraska. 

A, Palatal view. After Barbour, 1914.1, Pl. rx. Compare figure 569. 

B, Side view of skull and jaws. After photograph by Professor Barbour. Dome of skull restored to white dotted line. 

Tip of tusk to condyle, 1.703 m. Length of mandible, 1.092 m. 

C, Vertebral series referred to E. morrilli (Neb. Mus. 43-1-11-12). Total length, 1.08 m. After Barbour, 1914.1, Pl. x1. 
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III. DESCRIPTION OF EUBELODON MORRILLI OF NEBRASKA, WITH RESEMBLANCES 

OF EUBELODON TO CUVIERONIUS 

FamMILy: HUMBOLDTID fam. nov.; GOMPHOTHERIIDA Cabrera, 1929 

SuBFraMILy: HumBouprinz Osborn, 1934 

Genus: EUBELODON Barbour, 1914 

Original reference: Univ. Neb. Studies, Vol. XIV, pp. 194-197 (Barbour, 1914.1). 
Genotypic species: Eubelodon morrilli Barbour, 1914. 

GeneRIC CHARACTERS (BARBOUR, OsBoRN).—(1) “No enamel bands on the superior tusks.” 
(2) Simple, rounded, downwardly and outwardly turned superior tusks; no inferior tusks. (3) Double 
trefoils on the superior and inferior grinding teeth; grinders broad; ridge-crest formula, M3 $8. (4) 
Rostrum and inferior mandible elongate, somewhat downturned and pointed, with no trace of alveolus 
for tusks. (5) Cranial and facial region primitive, subequal. (6) Adaptations chiefly to a browsing 
habit similar to that of Trilophodon and Tetralophodon. (7) Differs from Tetralophodon in persistent 
four-crested, brachyodont third inferior grinders. (8) Occipital condyle low compared with elevated 
condyle and occipital crest of Cuvieronius superbus. 

The generic name Hubelodon, signifying ‘well tusked,’ implies the affinity of this genus, in the mind of its 

author, to Tetrabelodon (=Tetralophodon) and to Dibelodon (= Trilophodon), in the sense of Cope and Falconer. 
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Locauity Sours oF THE NioprARA RIVER WHERE THE TYPES OF TRILOPHODON WILLISTONL AND EUBELODON MORRILLI WERE 
DISCOVERED BY Barsour (cr. Figs. 272 To 274) 

Fig. 568. The Devil’s Gulch section, Brown County, Nebraska. After sketches by E. H. Barbour, 1913. This very important 

section, of a total thickness of 244 feet, rests upon the Fort Pierre Cretaceous (Ainsworth formation) below. It is believed by Professor 

Barbour to include at the base an Oligocene member (=Brule, Mesohippus-Oreodon zone); W. D. Matthew (letter, October 19, 1916) 

regards these underlying clays as of more recent age than the Oreodon beds, Upper Miocene or Lower Pliocene; the Mesohippus of 
Devil’s Gulch may be Archxohippus. This region is fortunately associated with a fairly rich fauna containing skulls referred by 

Barbour to Alticamelus, to Procamelus, to Merychippus, to the rodent Mylagaulus, to the referred canid Cynarctus, and to the felid 

(?)Eusmilus whitfordi. This is a Lower to Middle Pliocene fauna. 

(2) Devil’s Gulch B, Lower to Middle Pliocene including Quarry No. 1, contains the type of Eubelodon morrilli in which the mandi- 

ble is tuskless. 

(1) Devil’s Gulch A, including Quarry No. 2, contains the type of Tetrabelodon | =Trilophodon| willistoni; this type lay in the same 

bed with a palate referred to (?)Merychippus; twenty feet above it the type of Metoreodon was discovered; forty-five feet above was a 

hard compact layer. We conclude that Trilophodon willistoni was of Lower Pliocene age. We have no record of the exact level of the 

type of Tetrabelodon [Trilophodon| abeli Barbour. The above identifications rest chiefly on Barbour’s observations. 

Scale approximately 4mm. = 1 Foot 

The very important generic and specific type specimen differs from Tetralophodon and Trilophodon in the 

entire absence of lower incisive tusks, yet the rostrum of the lower jaw is quite as elongate as in Tetralophodon 
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602 OSBORN: THE PROBOSCIDEA 

campester, for example; the superior and inferior grinders agree with those of T. campester in exhibiting double 

trefoils, but they differ from those of 7’. campester in possessing only four transverse ridges, as in Trilophodon. Con- 

sequently Osborn agrees with Barbour that the type of Hubelodon morrilli represents a genus distinct from either 

Tetralophodon or Trilophodon. A further distinction from both Tetralophodon and Trilophodon is the absence of 

an enamel band on the superior tusks. 

It is this peculiar combination of characters which suggested to Osborn (1921-1931) the theory that Eubelodon 

morrilli is perhaps related as an ancestral stage to the Notorostrines of South America, and especially to the species 

grouped under the genus Cuveronius,’ which are also distinguished by double trefoils on the grinding teeth and 

by the absence of inferior tusks as well as by the absence of an enamel band on the superior tusks. 

The unique characters of the type individual (Fig. 567) and type and referred skeletal parts (Fig. 572) 

from Devil’s Gulch, Brown County, Nebraska, are confirmed and amplified (1933) by the superb skull (Fig. 

574) discovered near Ainsworth, Nebraska, and described by Childs Frick (1933). The original description of 

the splendid type specimen by Prof. Erwin H. Barbour is given below. 

1. DESCRIPTION OF EUBELODON MORRILLI TYPE, OF NEBRASKA 

Eubelodon morrilli Barbour, 1914 

Figures 498, 567-577 

(?) Middle Pliocene, upper horizon, Devil’s Gulch B, Brown County, 

Nebraska. 

Hisrory.—Professor Barbour originally characterized this 

type specimen as follows (Barbour, 1914.1, p. 194): .. . “From 

this point, another proboscidean skull and mandible, complete 

pelvis, ribs, and stray limb bones were secured.”’ His characteristic 

sketch of the lower jaw is reproduced in figure 570. Osborn’s 

original sketch of the superior and inferior grinding teeth is re- 
produced in figure 571. As finally restored, the type is shown in 

figure 567, endorsed by Professor Barbour as Neb. Mus. 1-16-5-13. 
The fine pelvis (Fig. 572) also bears the same number, namely, 

Neb. Mus. 1-16-5-13. Referred to the same species are the 

vertebral series (Fig. 567) bearing the number Neb. Mus. 43-1-11-— 

13, also (Fig. 572) a femur (Neb. Mus. 41-1-11-13), a tibia 
and fibula (Neb. Mus. 47—1-11-13), and a humerus (Neb. Mus. 

39-1-11-13). 

Eubelodon morrilli Barbour, 1914. ‘Mammalian Fossils from 

Devil’s Gulch.” Univ. Studies, Univ. Neb., Vol. XIV, No. 2, 

April, 1914, pp. 194-197. Tyre anv Locatiry.—“ Quarry 

No. 1 is 75 feet higher up the canyon wall, and about 35 feet below 

the general level of the surface, perhaps 100 yards to the southeast 

of Quarry No. 2. From this point, another proboscidean skull and 

mandible, complete pelvis, ribs, and stray limb bones, were secured. 

We have named this specimen Hubelodon morrilli, in honor of 
Honorable Charles H. Morrill, a former President of the Board of 

Regents, and for many years a patron of the Department.” Mu- 

seum, University of Nebraska, No. 1-16-5-13. TyPr 

Ficure.—Barbour, op. cit., 1914.1, Pls. rx, x, x1, and xu. 

Type Description.—(Barbour, 1914.1, pp. 194-197): “This 
individual is larger in size than the first mentioned [T'etrabelodon 

willistoni|, and has marked structural differences. The mandible 

is destitute of tusks. In some respects, Hubelodon seems to be a 

more primitive form than Tetrabelodon willistoni. It is a large, 

exceptionally long-jawed, low-browed proboscidean. The mandible 

is fully 43 inches (1,902 [1092] mm.) long, and 20 inches (509 mm). 

across the condyles, and has but one large tooth in each ramus. 

The symphysial prolongation is 15% inches (393 mm.). The lingual 

groove is shallow, with rounded edges. The skull, as far as it has 

been worked out is rather flat and long.” 

“The two [upper] tusks, found in exact position, are finely pre- 
served. They curve downward, slightly outward, and are without 

enamel bands. The tusks are worn to sharp, chisel-like tips. A 

section of the tusk near the alveolus is an inverted ovoid 44s inches 

(115 mm.) in vertical diameter, and 3% inches (89 mm.) in horizontal 

diameter, with a pulp cavity 2%, (70 mm.) X 134 inches (45 mm.).”’ 
“The mandible of Eubelodon morrilli constitutes a striking char- 

acter. It is massive, straight, and of great length, with low ascend- 

ing rami. In life the [upper] tusks projected scarcely more than a 

foot and a half beyond the jaw and lip. There are no inferior tusks. 

The symphysial prolongation is 15% inches (893 mm.) and is not 

decurved. The mandible is massive up to the symphysis, where it 

begins to contract somewhat, then tapers rapidly to the tip. Two 

grooves, one to the right, and one to the left, parallel the lingual 

groove, noticeably reducing the bulk of the symphysial portion. 
. .. In Eubelodon morrilli, the end of the long, straight, massive 

tapering mandible comes well towards the tip of the tusks, thus 
making an interesting, if not grotesque, facial portion to the skull. 

It is an unmastodon-like mastodon. The teeth are reduced to one 
in each jaw, and they measure about 3% inches (89 mm.) by 8 

inches (203 mm.). These teeth have four deeply worn ridges, 

showing inner and outer trefoiled cones, and a small fifth ridge or 

heel. Alveolar impressions in the maxillae show where a preceding 

tooth has been crowded out by a horizontal successor. The ascend- 
ing rami are low, being at most but 3 inches (77 mm.) above the 
grinding surface of the molars. They are capped by nearly circular 

condyles of low convexity, and unlike Elephas are without necks. 

Contrast with this Elephas imperator, in which the ascending rami 
are about 11 inches (280 mm.) above the grinding surface, and that 

of Elephas indicus, which are about 9 inches (230 mm.). The 

coronoids are on a level with the condyles, and, though somewhat 

(1935) Referred to the new family Humboldtide, subfamily Humboldtine Osborn, 1934 (see Appendix to present Volume I). 



Fig. 569. Type jaws and palate (before reconstruction) of Eubelodon morrilli Barbour, 1914 (Neb. Mus. 1-16-5-13), from Devil’s 

Gulch B, Brown County, Nebraska. 

One-tenth natural size. 

Fig. 570. 
1--16-5-18). 

p. 217, fig. 3. 

After original pen sketch by Barbour. 

—_ 9S LEAS 

Figure of type jaw of Eubelodon morrilli Barbour (Neb. Mus. 
Compare Barbour, 1914.3, 
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After photograph by Professor Barbour (ef. Barbour, 1914.1, Pl. x, for three views of mandible). 

Fig. 571. Crown pattern of third superior and 

inferior molars, M°-M3, type of Eubelodon morrilli 
Barbour (Neb. Mus. 1-16-5-13), showing four crests 

and double trefoils, also laterally compressed section of 

superior tusks, Not to same scale. After pencil 
sketch by Osborn. Type r.M®*, ap. 203 mm., tr. 89 

mm., index 44. Referred r.M® (F:A.M. 25708), ap. 203 

mm., tr. 101 mm., index 50. Type Msg, ap. 202 mm., tr. 

90 mm., index 45. 



C D B 

Fig. 572. Type pelvis and referred limb skeleton of Eubelodon morrilli, one-tenth natural size. After photographs by Professor Barbour. 

A, Type pelvis, posterior and inferior views (Neb. Mus. 1-16-5-13); extreme width, 1424 mm. (ef. Barbour, 1914.1, Pl. x1). 

}, Referred femur (Neb. Mus. 41-1-11-13); extreme width, 355 mm. (ef. Barbour, 1914.1, Pl. XIII). 

D, Referred tibia and fibula apparently united (Neb. Mus. 47-1-11-13); length of tibia, 560 mm. (cf. Barbour, 1914.1, Pl. xu). 

B, Referred right humerus (Neb. Mus. 39-1-11-13); extreme height, 760 mm. (cf. Barbour, 1914.1, Pl. xu). 
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compressed, are thick and strong compared with any fossil or 
living elephant. The sigmoid notch is very shallow. The inferior 

mandibular border, which is very broad and round at the molars, 

narrows and swings by an easy curve into the ascending ramus. 

The tusks of Hubelodon morrilli are relatively large, but short, 

distinctly wedge-shaped at the tips, and without enamel bands. 

Starting at the skull, where the maxillae are just 1 foot (305 mm.) 
across from outside to outside, the tusks diverge until they are 3 

feet (915 mm.) apart at the tips, and curve downward slightly. 

Each tusk is 4 feet (1,220 mm.) long. One foot of the tusk is firmly 

imbedded in the jaw, and an additional 6 inches is partly sheathed 
and buttressed by the maxillae. . . . The pelvis, including sacrum 

and sacral spine, is perfectly preserved, and indicates an ani- 

mal of large size. The acetabulum measures 6% inches {165 mm.) 

in diameter. The neural arch measures 1% inches (38 mm.). 

The pelvic aperture is 16 inches (407 mm.) transversely, by 14 

inches (356 mm.) vertically. The thyroid foramen is 744! 
inches (192X115 mm.). The extreme width across the ilia is 56 

inches (1424 mm.).” 
Discussion, Osborn, 1921: (1) This important generic and 

specific type is exceptional in the absence of lower tusks, which 

might be regarded as a female character of certain Longirostrines, 

although this point awaits confirmation, since in all Longirostrine 

jaws hitherto observed the lower tusks are present and obviously 
were used for feeding purposes. This absence of tusks might be a 

variation. (2) The stage of evolution of this species is indicated by 

the last superior and inferior grinders, which although much worn, 

exhibit evidences of trefoils, as shown in the accompanying sketch 

by Osborn; the upper molars appear to be most progressive; there 

are indications of cement. (3) In the upper molars the double 

trefoils are developed on crests 2, 3, and 4; in the lower molars the 

trefoils are mostly worn away, except the vestige of a trefoil on 

3, and 4. 

(4) Both upper and lower molars may be described as four crested, 

with a talon. (5) As usual, there is a broad internal cingulum on 

the upper molars. 

crest 4, and rudiments of internal trefoils on crests 2, 

The outer side is more convex, the inner more 

plane or concave. (6) In the lower molars the cingulum is less 

distinct, the inner surface is plane, the outer surface is convex. (7) 

The superior tusks are relatively short, flattened laterally, chisel 

shaped at the extremities, without enamel band. (8) Skeletal char- 

acters: Skeleton includes excessively broad pelvis, robust right 

humerus, proximal portion of femur, and “united”’ tibia and fibula, 

as shown in the accompanying figure, rearranged from photographs 

kindly furnished the present author by Prof. Erwin H. Barbour 

(compare Barbour, 1914.1, Pls. xm and xm). 

Concuusion, OsBorN, 1921.—The apparent abbreviation of 

the type jaw, the entire absence of inferior tusks, the reduc- 

tion of the adult grinding dentition to 

above and below, the laterally compressed tusks, the presence 

of four ridges on the third grinders, all tend to exclude Eubelodon 

morrilli from the typical Longirostrines, and to relate it to the 

a single molar tooth 

Humboldtinz, such as Cuvieronius humboldtit. 

EvuBELODON MORRILLI SKELETON AS MouNTED IN THE NEBRASKA State Museum, 1931 

After photograph by E. H. Barbour. One thirty-second natural size. Compare Barbour, 1932.1, fig. 152. 

Fig. 573. 

Background by Elizabeth Dolan 

The type cranium and pelvis (Figs. 567A, B, 572A) are mounted with the referred femur (Fig. 572C), tibia and fibula (D), and humerus (B) 

In Osborn’s judgment the anterior dorsal spines are raised too much above the tip of the scapula, giving the Eubelodon morrilli an abnormal shoulder height. For 

detailed measurements, see page 609. 



REFERRED CRANIUM AND SUPERIOR DENTITION OF EUBELODON MORRILLI 
Redrawn for the present Memoir to a uniform one-tenth scale 
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Fig. 574. This superb cranium with tusks, dis- 

covered near Ainsworth, Nebraska, on the south side 

of the Niobrara River, about nine miles west of 

the Devil’s Gulch B exposure which yielded Bar- 
bour’s type of the same species, is complete except 

in the supraoccipital and frontonasal region which 
has been restored after the cranial profile character- 
istic of similar stages in other mastodont crania; 

the occipital crest may have been more elevated. 
This profile should be compared with that in the 
companion drawing (Fig. 576) exhibiting the more 
elevated occipitofrontal profile of Cuvieronius 
bonaerensis (=superbus) from the La Plata region 

of the Argentine. The right tusk is longer and larger 
than the left tusk, as seen in the left lateral view. 

This discovery is one of the most welcome results 

of the Childs Frick expeditions into the Pliocene of 

America. Compare p. 318, fig. 274, map of the 

Niobrara River, Ainsworth. 
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2. REFERRED SKULL AND TUSKS OF EUBELODON MORRILLI, 

FRICK PLIOCENE COLLECTION 

The most welcome discovery in the Frick Collection of 1929 is the skull and portions of the limb skeleton 

from Horsethief Canyon, near Ainsworth, Brown County, Nebraska; the locality is probably on the same, or 

slightly above the geologic level as the upper Devil’s Gulch B, Quarry No. 1, which yielded the type of Lubelodon 

morrilli Barbour. 

Frick (1933, p. 598) rightly refers this skull (Figs. 574, 576) to the rare and relatively little known Hubelodon 

morrillii of Barbour; this fine example affords new, if not decisive, means of determining whether the North 

American ancestor of the South American ‘Mastodon’ humboldtii Cuvier has been found. Frick’s description 

(op. cit., p. 598) may be cited in full, as follows: 

BB. ‘EusEetopons’ (5) Eubelodon morrilli Barbour, 1913. Grnorypr.—Skull, mandible, ete. Univ. Nebr. Coll. Professor 
Barbour observes upper tusk to be without enamel, tips chisel-shaped; mandibular symphysis tuskless, contracted laterally 
anterior to p.s. and with two depressions paralleling the lingual groove; m approximately 203 mm., much worn and furnished 
with ‘double trefoils.’ Symphysis length 393 mm., total length of the tusk 1220 mm. Upper tusk without definite enamel band 
but tendency to variable diffusion of enamel over surface, cross-section round to oval, chisel-shaped at tip, further extruded 
beyond alveolus and tending less decurved than in typical Longirostrines; m¥ long; inferior incisors missing, symphysial gutter 
broad, and paralleled by lateral depressions. 

(SkuLL AND] .. . Rererrep Remains. From Horserater Canyon.—Large partial skull with m*-m* and tusks 

[F:A.M. 25708], and probably associated limb elements (25708A). . . . Figured this paper, Figs. 12B, 15 and 23B. Largest 
of the individuals here listed. Tusks large and after initial flare are unusually straight. m?*=120 mm. m*= 203. 

[Associatep Limp ELEmMENTS|.—Two humeri, 1 femur, scapula, 2 ilia, ete. vertebre and ribs. F:A.M. 25708A. Ulna, 
and atlas, 24.8 em. F:A.M. 25708C. 

= 

F:A.M. 2570 i‘ 4 

A, EUBELODON MORRILLI  Rer. B, EUBELODON MORRILL! Tree 

Fig. 575. Rererrep Tusk AND Tyre AND Rererrep MOo.ars oF EvuBELODON MORRILLI BARBOUR 

Neb. Mus. 1-16-5-13: Type of Eubelodon morrilli Barbour, inserted for comparison. 

B, Type third right superior molar, r.M‘, length 203 mm., breadth 89 mm., index 44. 

P:A.M. 25708: Frick Collection, referred Eubelodon morrilli Barbour. 

Al, Right superior tusk and sections, about one-eighth natural size. Length beyond alveolus 1340 mm. After Frick, 1933, fig. 15. 

A2, Third right superior molar, r.MS, two-fifths natural size. Length 203 mm., breadth 101 mm., index 50. After Frick, 1933, fig. 23B. 

Superior Mouars.—In the type the second grinders are shed and the third grinders (Fig. 575, B) are almost 

completely worn down, whereas in Frick’s referred specimen the second superior molars are still in situ while the 

third molars (Fig. 575, A2) are in a comparatively fresh and unworn condition beautifully displaying the coronal 

pattern of 44 ridge-crests with double trefoils, at once reminding us of Cuvier’s type of ‘Mastodon’ humboldtii. 

607 
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The entotrefoils on the proto- to tetartolophs are somewhat less strongly developed in Frick’s specimen (Fig. 

575, A2) than in Barbour’s type (Fig. 575, B) which in trefoil evolution is slightly more progressive; the penta- 

loph is represented in both the type (B) and the referred (A2) grinders by two prominent cones. 

Tusxs.—Observe (Fig. 574) that the left incisive tusk (1230 mm. from alveolar border to tip) is slightly 

shorter than the right (1340 mm. from alveolar border to tip); there is a very slight downcurvature or deflection 

of both tusks, as displayed also in figure 575, Al (right superior tusk, external aspect), which reveals the rounded 

c), deeper section (B——8s), and terminal flattened section (a——a). The tusks are divergent, as section (c 

seen both in palatal and in posterior aspect. 

ey Yj; yy 
Wp ppt“ "““Lhi ip» Vz d 

Eubelodon morrilli Barbour Ref. 
FAM 25708 Cuvieronius bonaerensis ITloreno. Type 

La Plata Mus 8-1 (ter Cabrera 

Fig. 576. Comparison oF EuBELOpON (A) AND oF CuvieRonius (B) Crania AND JAWS 

One-fifteenth natural size 
A, Newly discovered cranium of Eubelodon morrilli ref., Frick Collection in the American Museum 25708. The mandible is drawn in from Barbour’s 

type specimen (Neb. Mus. 1-16-5-13). Compare figures 567 and 569. This cranium is probably long faced (dolichopic), platycephalic, with elongated 
but edentulous inferior rostrum. 

B, Cuvieronius bonaerensis Moreno type cranium and jaws (Mus. La Plata 8-1). Molars with 45 ridge-crests resembling those of C. superbus Amegh. 

This cranium is relatively bathycephalic and acrocephalic, with depressed and abbreviated rostrum both of the cranium and mandible. [=Cuvieronius 

bonaerensis (superbus) of the present Memoir.] 

From Frick’s observations, the posterior palatine foramina (ppr), the stylomastoid foramen (sm), the 

foramen lacerum posterius (FLP), and the closing auditory meatus (MA) are precisely indicated. The choanz 

are relatively narrow and posterior in position, as compared with Elephas indicus (see figures in Volume II, 

Chap. XIV). 

Both the Barbour and Frick crania of Hubelodon morrilli represent males and the table of comparative meas- 

urements below indicates that the younger Frick skeleton is one-eighth larger throughout. Both are inferior in 

height and in massive width to the Warren Mastodon (Mastodon americanus) in the American Museum (Fig. 124). ee 
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THE HUMBOLDTIN#: EUBELODON 

Neb. Mus. 
1-16-5-13 

fide Barbour 
Cranial length, condyle to maxillary tips.. : 
Palatal length, postnarial openings to maxill: ary tips... 
Cranial width across glenoid processes. . 
Length (1120 mm.)—breadth (790 mm. ) index of ¢ cranium, , estimated. . 
Width across zygomatic arches, maximum breadth, estims ated. . 
Breadth of occipital condyle........ Sone att we eee 
Height of occiput, estimated... 3 ane oP 
Vertical diameter of right tusk at ‘point c c—..... Si a ofits. 
Length of exposed portion of tusk............ So EES RAs oe 776 
Henethmommandible....3........050.0se es sine raat: : 1092 
Third inferior molar: 

anteroposterior................. Esti ee ze St lal: 202 
UOMIUOUSE SreBis es oy, dts +o) we s+ 3 eas etd tns ah sos Aeon caer 90 
breadth-length index................... en 45 

Third superior molar: 
Bera AT) EMIS CULT REM cfs fv rains) sin i 1 v2 104 ope Joss wae. => o/h aha es Seer aaa te - 203 
maximum width. . BSE RE SUR irae Sena teat dick Leo 89 
breadth-length ST ehh Fn Mess a Se ee 44 

Second superior molar: 
EERIE DONEC TIOL Nope irie SISA nari.» ss iohtla SUDEP Pla Sieg Mumtes ate ces ee Zieh Kent 

elem eAC IB ROLORS PLLA tes src «cc 1-27. trelalelss ein + etaeoslecerolagan oRbe ie aerenh 1424 
Tera Dr WME HOPISC UU sys. rs.02:oharg)o Tors ia A otaiai syst aie hie Staaten Soe eyeieti a eens 1040 

REFERRED SKELETAL MEASUREMENTS, Type Loca.ity 

REF. 
Neb. Mus. 
39-1-11-13 

Humerus: 
length... pak eo Ge EE EE Po SID oh Phil oo ear ee 760 mm. 
distal Lat oe a Nr BRIAN SE 5d put a ees 215 

Scapula, height... Spe | Ee As kc Sided 7k SE ee eee oes 760 

Tia dhias, lees ac ede ee ctelsnoeein ni ate PORE woeeae choco se ciohaas ey ar, 610* 

Ulno-radius, transverse............... AOE eae MAT Pas cet ea Ae es: Lh Be 230 

“Ulin, terevep lila ess See Slaia Biren pees eRe ee ere 2 1 Eps, (oe See eee eee 685 

Femur: 
height. . EPI ig oo Stee Seen ale the tO a ce eae 940 

distal eB AE hee fk ods one 45 oe sardonic 230*** 

Tibia, length... aot 5 dk Be dread tole «04 eg ee 5bU=*s* 

Fibula, length... Seta eee vite aa eee See ae, 545 

Forelimb: 
ROH DI ACO VPELOUG s sch: . atti «teiein.o +) ous eet Ae OPER or e1ei= se et 2390 

PRIIGH BECO PETOUN Cains fraser sis). sce bers bin sis oeriees mtetenm ecient (ore ley feces haa 1625 

hindquarters, pelvisrim to ground..............-..-.--++-:- ees 2260 

en ROeMNUDI LO LP TOU tess os dui -eihchsy setters virtue oe ate = erro Be 1830 

Atlas, type: 
transverse. ........ oh Sashaee sri aetee ch och eiecr atta i ap Mites Lav SUSI 2 aan sy aia ane R Rene 8 

Typr AND REFERRED SKELETON AS MouNTED 
Type 

Neb. Mus. 
1-16-5-13 

Total length of skeleton, tip of tusks to tip of tail...............2-e-eeees 5260 

Maximum length, exclusive of tail: 
tip end of tusk to Jacaaseaie! of-ischium: + <.5.:,2 .a1meee eee cia oe 4410 

MPRA CO! JRWeoic cece ce ee cee eo vs eee ob pe eae ty vy Ue RTO INN ead 3930 12 

Height: 
anterior dorsal spines to base.............. 0 se. eee erent et eee ere eees 2370 7 

Tip OF HOApPUlA £O HAC... 2.2.6... c cece ee teen ncn eer e Galina vas 2440 8 

summit of ilium to base........... MPTUER EY 2 seater t ts eS he ee 2290: 7 

Summit of Occiputto base...........2...5.. 58.6. . ee eee es Py 2850 9 

*Measurement from Neb. Mus. 3-9-16. 
**Mfeasurement from F:A.M. 25708C. 

*** VIeasurement from Neb. Mus. 15-6—20. 

*\Veasurement from Neb. Mus. 47—-1-11-13, 

COMPARATIVE MEASUREMENTS OF THE BARBOUR AND FRICK SKELETONS OF EUBELODON MORRILLI 

TYPE ReEr. 
F:A.M.25708 
fide Frick 

1120 mm. 

730 

. 1230-1340 

17 ft. 7 in. 

14 ft. 5% in. 
10% 

9% 

6 
4Y 

203 
101 
50 

120 

Rer. 

609 

F:A.M. 25708A 

910 mm. 

880 

660 

1080 

390e** 
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NEBRASKA STATE MusrtuM SKELETON OF EHUBELODON MORRILLI BARBOUR 

For comparison the measurements of the type and referred skeleton of Hubelodon morrilli, as mounted in the 

Nebraska State Museum, and those of the Warren Mastodon in the American Museum, are as follows: 

Eubelodon Mastodon americanus 

morrilla Warren Mastodon 

Humerus (right side, ref.), extreme length.....................--+----- 910 mm. 950 mm. (rt.) 

iRelviswextremenwidti ofiliacibonestncr scenery aertie ait 1424 mm. 1826 mm. 

MemiuUrvleng th Ol. 2 sacs ecenmeesece cern e -OU Rea eee o eaLeLSIN ne i AGH ECT 1080 mm. 1060 mm. (rt.) 

Mibiaslene thy Ofsi5.. sarc ont SOREN doe ee ete eel Kv Gines Sateetees are 560 mm. 710 mm. (rt.) 

Summuitromscapula trom) chelproundss--.-eeeee eesti eee sien biel ra 2440 mm. 2635 mm. 

Colbert (1933) makes the following observations regarding the Frick skeleton from Horsethief Canyon 

(F:A.M. 25708): A very large specimen, showing many characters typical of Hubelodon. The skull is rather 

long and low, and is very broad at the glenoids. Characteristic features are strong pterygoids and very restricted 

opening for the posterior nares. Third superior molars, M®*, 4% ridge-crests; outer trefoils (ectotrefoils) of M? 

very faint. The tusks are large and round in cross-section; without enamel. 

5 ty ikea tee ae 

— 

Fig. 577. EuBELODON MORRILLI, THE HuMBOLDTINE MaAsToDONT OF WESTERN NEBRASKA 

Restoration (1934) By Mararer FLINSCH, UNDER THE DIRECTION OF HENRY FAIRFIELD OSBORN 

One-fiftieth natural size 

This restoration is directly after the mounted skeleton in the Nebraska State Museum shown in figure 573 above. The anterior portion of the body is 

lowered between the scapule bringing the anterior border of the scapule# about at the level of the summit of the vertebral spine. The head is raised in the act 

of browsing. The rostrum of the lower jaw is without tusks. In the distance are groups of Alticamelus (center) and of Pliohippus (left). 
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RESEMBLANCES OF EUBELODON TO CUVIERONIUS IN CRANIUM AND DENTITION 

Of surpassing interest and significance is the comparison of the Hubelodon and Cuvieronius crania, as shown in 

the accompanying figure (Fig. 576) especially prepared to a uniform one-fifteenth scale from the most recent profile 

drawing of the left side of Eubelodon morrilli after Frick and Osborn (Fig. 574) and after original drawing of 

Cuvieronius bonaerensis (= superbus) kindly loaned by Doctor Cabrera. Fortunately we are able to present the 

palatal aspect of Cuvieronius for comparison. 

In lateral aspect, the crania and tusks are seen to be substantially the same in size. In the cranium: (1) The 

more progressive Cuvieronius bonaerensis is distinguished by the marked elevation of the occipital condyle, which, 

in harmony with progressive hypsicephaly, is well elevated above the occlusion or attrition line of the grinding 

teeth, in contrast to the relatively primitive depressed occipital condyle of Hubelodon morrilli, which is only 

560 mm. above the occlusion level of the grinders; (2) observe also the sharply elevated apex of the occipito- 

frontal crest in C. bonaerensis, in contrast to the relatively low, rounded crest as restored in E. morrilli. 

Both these cranial adaptations are codrdinated with the respective down- or upcurvature and function of the 

tusks in Hubelodon and Cuvieronius, as follows: (1) In Hubelodon the tusks are very slightly downcurved, conserv- 

ing the primitive downcurvature of the paired superior incisors of all primitive mastodonts. Yet this down- 

curvature is extremely slight and the tusks might be described as nearly straight, as in those of the type of Cuvier- 

onius rectus (Fig. 490). (2) On the contrary, the tusks of C. bonaerensis are moderately upcurved, as shown in the 

present figure (Fig. 576), see also figure 562 above; this upcurvature is in mechanical correlation with the 

uplifting, uprooting function of the tusks and the elevated occipitofrontal crest. 

GriInDING TreETH.—(1) The double trefoiled superior grinders of Hubelodon morrilli (Figs. 574, 575) exhibit 

very strong entotrefoils with more rudimentary or incipient ectotrefoils. (2) Similarly the grinder referred to 

Cuvieronius rectus (Fig. 546), of Inferior Pampean age, also presents large entotrefoils while the ectotrefoils 

are much smaller. (3) This referred molar of C. rectus measures 204e mm. X 102 mm., in comparison with 203 

mm. X 101 mm. in the referred EF. morrilli (F:A.M. 25708) and with 203 mm. X 89 mm. in the type (Neb. Mus. 

1-16-5-13). (4) Ameghino and Boule define (p. 530 of the present Memoir) ‘Mastodon’ platensis as exhibiting 

grinders with single trefoils. (5) Consequently we make the important observation that there existed in the 

Inferior Pampean of Argentina a grinding tooth (Fig. 546) of the same size and quite as primitive as that of 

Eubelodon morrilli of Nebraska. (6) In the Inferior Pampean also is found a straight tusk, the type of Cuvieronius 

rectus, which resembles the straight tusk of Hubelodon morrilli. 

ANCESTRAL RELATIONSHIPS.—Putting together the important resemblances between specimens of Hubelodon 

morrilli of Nebraska and the relatively little-known primitive remains of tusks and grinding teeth from the 

Inferior Pampean of Argentina, we reach the very important conclusion that HZ. morrilli is a Middle Pliocene 

ancestral stage in the subfamily Humboldtine on its way from Eurasia through North America to South America. 

In the Andean region there appear the primitive short-limbed forms Cuvieronius ayore and C. postremus, and the 

primitive typical C. humboldtii of Bolivia, (?) Ecuador, and Chile, quadrupeds of smaller size and possibly of 

mountain habitat. 

Possibly a direct descendant of Hubelodon is the straight-tusked Cuvieronius rectus of the Inferior Pampean 

of the Argentine. 

Finally there appears in the Pampean the giant Cwwieronius superbus and the more specialized C. platensis 

as distinguished by Cabrera. 

It is obvious that the South American Humboldtin require very careful monographice comparison and revi- 

sion in connection with which the present revision may serve a useful purpose. The author’s views (1934) as to 

classification are expressed in the synopsis (IV) below. For final classification (1935) see Appendix to the 

present Volume I. 



IV. SYNOPSIS (1934) OF THE NOTOROSTRINE AND HUMBOLDTINE MASTODONTS OF 

SOUTH AND NORTH AMERICA 

The subfamily term NororostTRINn/# is now restricted to the ‘Mastodon’ andium group of Cuvier. The new 

subfamily term HumBo.pTina embraces both the large ‘Mastodon’ humboldtii group and the more highly 

specialized Stegomastodon mirificus group, as displayed in the following synopsis (p. 615). It has recently been 

determined (Osborn, 1933) that none of the true Brevirostrine mastodonts of Eurasia (Anancus, Pentalophodon 

Synconolophus) migrated into America. 

The Stegomastodon mirificus group, which Osborn until recently classed with the BrRevrrosTRINEs of Eurasia, 

now proves to be closely related in its molar-tooth structure to one division of the NororostrinEs (e.g., the 

Cuvieronius humboldtii group of the new subfamily HumBo.ptina Osborn, 1934). This observation, first made 

by Cabrera (1929), is now confirmed by Osborn in a recent very close comparison of the fundamental grinding- 

tooth pattern in Stegomastodon. Both the superior and inferior ridge-crests of the true Brevirostrines of Eurasia 

are proverted, whereas in the Humboldtines of America the inferior ridge-crests are proverted and the superior 

ridge-crests are either retroverted or transverse (Cuvieronius) or centroverted (Stegomastodon). These characters 

rM3 External Am. Mu 
Nat. Mus. 10556 I 

r.Mz External Cast Am. Mus.21923 3 iS) Oa Oo 

Posterior 

Posterior 
Anterior 

3 4 5 Cys 4 5 
Internal-Proversion Interna! -Proversion 

Paratype Stegomastodon texanus Osborn B&B Refo Stegomastodon arizonae Gidley b 

Fig. 578. HumsBoiptinm®: PROVERSION OF THE INFERIOR RIDGE-CRESTS IN STEGOMASTODON 

Proverted and folded or ptychoid 6} inferior ridge-crests Proverted and folded or ptychoid 7/4 ridge-crests in Stegomasto- 

in Stegomastodon texanus. don arizone. 

Mus. La Plata 

r.Ms External are clearly shown in the molar tooth diagrams (Figs. 578-580) 

which close the present Chapter XII and appropriately (Fig. 

581) introduce Chapter XIII. 

The ‘Mastodon’ humboldtii subfamily HumMBoLpTiIna/ 

suggests analogy with the Brevirostrine (including Anancus), 

as indicated by Cabrera in grouping all the ‘MW.’ humboldti 

Anterior Ae on Posterior 

5 4 . . D 5 n 
Internal -Proversion species within the subfamily Anancinz under the genus Stego- 

ef. Cuvieronius platensis Amegh re _ 1 op ee : 

Fig. 579. Humsoiptin#: PRovERsION OF THE INFERIOR mastodon, but, as shown in Section i, 6, it is impossible to 

RIDGE-CRESTS IN CUVIERONIUS derive the more primitive members of the ‘M.’ humboldti 
Proverted and folded or ptychoid 5\4 inferior ridge-crests in f f th U-k , f Ss 

Cuvieronius platensis. An 1.M; (Mus. La Plata 8-18) reversed, group trom any oO the well-known Species O tegomastodon 

about one-fourth natural size. of Texas, all of which, in the Pliocene stage, are extremely 

progressive in the ridge-crests of their grinding teeth, the ridge formula rising from 54-6+ (Stegomastodon 

mirificus) to 7% (S. arizone). This reasoning is reinforced by the very recent discovery of ‘Bunolophodon’ 

612 
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postremus in the high mountains of Ecuador, in which the grinding teeth with single trefoils are far more 
simple than those of S. mirificus of Nebraska. The resemblances between the inferior molars (Figs. 579, 578) 

‘ ? aie Cy re of the “M.’ humboldtii group and the true Stegomastodon represent a community of descent. 

Posterior 
Anterior 

1 

pean eerevension . TES ie, SaaS, Ben ; 7 

Ref Cuvieronius platensis Amegh B Type Stegomastodon aftoniae Osborn & 

Fig. 580. Humsoiptina: RETROVERSION AND CENTROVERSION OF THE SUPERIOR RIDGE-CRESTS IN CUVIERONIUS AND STEGOMASTODON 
: Internal retroversion in 5+ ridge-crested third su- Internal retroversion and centroversion in 74 ridge-crested 

perior molar of Cuvieronius platensis. third left superior molar of Stegomastodon aftonize. 

On page 537 above is given the order of discovery and description of thirty of the South and North 

American species of mastodonts. It becomes obvious, after nearly thirty years of study, that they represent 

three great subfamilies or lines of descent rather than one. These three lines of descent are clearly separated 

External Paris Museum a a TM External Ind. Mus. 
A.98 

Anterior 
Posterior 

Internal 
ul 

2(1) 2 3 4 5 (6)4 ; mee : J 4(1) 2 aes Ref /Anancus brevirostris Gervais | Baia > rs oe 
| 22’ ARISTOGENES : Type. Synconolophus corrugatus Pilgrim : 

é 4 

t g 

Ind. Mus. 
A. 104 

/nternal- Proversion 
Brit. Mus. 

Internal -Proversion M. 2857 Type. Synconolophus hasnoti Pilgrim 
) 

Ref. Anancus perimensis Falc. ana Caut. Estimated= 22+ ARISTOGENES 

Fig. 581. BrevrrostRINAE: PROVERSION OF RIDGE-CRESTS IN ANANCUS AND SYNCONOLOPHUS. FOUR CONELETS ON EACH CREST 

(1, 2, 3, 4); CENTRAL CONULES (CCC) BETWEEN THE CRESTS 

(Left upper) Anancus brevirostris ref. Third right inferior molar, r.Mg, strong internal proversion of 5% ridge-crests. 

(Left lower) Anancus perimensis ref. Third left superior molar, 1.M$, internal proversion of 5} ridge-crests. 

(Right upper) Synconolophus corrugalus type. Third right inferior molar, r.M3, proversion and compaction of 5\6 ridge-crests. 

(Right lower) Synconolophus hasnoti type. Third right inferior molar, r.M3, proversion and compaction of 5\6 ridge-crests. 

by the profoundly different characters of (a) the incisive tusks, (b) the proportions of the cranium, (¢) the 

fundamental molar structure. These divergent characters were undoubtedly correlated with different feeding 

habits and geographic distribution, and since the subfamily name Notorostrine was first applied to the ‘Mastodon’ 

andium group, with persistent enamel band on the downturned, horizontal, or spiral tusks and relatively simple 
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enamel foldings of the grinding teeth, the new subfamily name HumBoLptTiIn#& was applied (Osborn, 1934.924, 

1934.926) to the ‘Mastodon’ humboldtii group, without trace of enamel on the upcurved, rounded-oval tusks and 

with progressive, elaborate foldings of the enamel of the grinding teeth. 

COMPARISON OF THE HUMBOLDTINA AND BREVIROSTRINAL 

HuMBOLDTIN/ BREVIROSTRINE 
(Cuvieronius, Stegomastodon) (Anancus, Synconolophus) 

Internal proversion of inferior ridge-crests. Internal proversion of inferior ridge-crests. 

Superior ridge-crests retroverted, transverse (Cuvieronius) Superior ridge-crests internally proverted (Anancus, Syn- 

or centroverted (Stegomastodon). conolophus). 

Ridge-crests increased from 5% to 714. Ridge-crests arrested at 5/4. 

Ptychoid infoldings of enamel into double or quadruple Number of aristogenes arrested at 22+ ; cones and conelets 

trefoils. Cones, conelets, and trefoils. relatively simple (Anancus), compressed and internally 

ptychoid (Synconolophus). 

These comparisons between the fundamental grinding-tooth pattern of the superior and inferior molars in 

the HumBoLpTIN& of America and the BREvrrostRIN#& of Eurasia demonstrate that the abbreviation of the in- 

ferior mandible in Stegomastodon is a matter of convergence rather than of parallelism. The true Brevirostrine 

are confined to Eurasia and are treated in the succeeding Chapter XIII under the generic terms Anancus, 

Pentalophodon, and Synconolophus. 

The present Chapter XII on the South American Mastodonts is continued and completed at the close of 

Chapter XIII in the description and discussion of the seven' species of Stegomastodon which have been discovered 

in North America. While embraced within the subfamily HumBoLpTin&, it will be shown that Stegomastodon 

is clearly distinguishable generically from Cuvzeronius. 

Notiomastodon, while treated in this chapter, is found (1934) to be a new member of the Serridentinz,’ as 

demonstrated by its molar pattern in the accompanying figure. 

With these distinctions the known thirty-six* South and North American species of Notorostrine and 

Humboldtinz may be provisionally regrouped (1934) as shown on the following page 615. 

ma 

YU a 

Fig. 581a. Type first and second inferior molars of the right side, r.M1-2, of Notiomastodon 
ornatus Cabrera, 1929, redrawn for the present Memoir. One-half natural size. See Appendix 

to the present Volume I, Pl. x1, for mandible (lateral and surface views). 

'The eighth species, Stegomastodon primitivus sp. nov., is described in the Appendix to the present Volume I. 
= the Appendix to the present Volume I, Notiomastodon is made the type of the new subfamily Notiomastodontine, of the new family Serridentidz. 

Thirty-five, as Stegomastodon primitivus sp. nov. is not included in this list. 
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Subfam. 1. NOTOROSTRINZ Osborn, 1921, “embracing the classic species ‘M.’ andium, ‘M.’ humboldtii,” ete., restricted (1934) 
to Cordiller ton andium and related species. Superior tusks with enamel band, spiral or downturned. 
Cranium primitive, rostrum elongate. 

I. Cordillerion andium and related species. Superior tusks sub-spiral, with broad enamel band following the curve; molars 
narrow, ridge-crest enamel simple with single trefoils, not folded or ptychoid. Chiefly of browsing habit 
and mountain-loving habitat. : 

1) Cordillerion andium Cuvier, Quito, Ecuador. Pleistocene 
2) Cordillerion bolivianus Philippi, Ulloma, Bolivia 
3) Cordillerion tarijensis Ameghino, Valley of Tarija, Bolivia 
4) Cordillerion gratum Hay, Burleson County, Texas 
5) Cordillerion edensis Frick, San Bernardino County, California 
6) Cordillerion tropicus Cope, Mexico. 
7) Cordillerion oligobunis Cope, Mexico. 
8) Cordillerion oligobunis antiquissimus Freudenberg, Valley of Amajaque, Mexico 
9) Cordillerion(?) oligobunis felicis Freudenberg, Puebla, Mexico 

10) Cordillerion(?) oligobunis intermedius Freudenberg, Mexico 
11) Cordillerion oligobunis progressus Freudenberg, Cannada de Aculcingo, Mexico 
12) Cordillerion orarius Hay, Sinton, San Patricio County, Texas 
13) Cordillerion defloccatus Hay, Sinton, San Patricio County, Texas 
14) Cordillerion bensonensis Gidley, near Benson, Cochise County, Arizona 
15) Cordillerion andium kraglievichii Berro, Uruguay 

Subfam. 2. SERRIDENTINZ Osborn, 1921 
II. Notiomastodon ornatus' and related species. Superior tusks non-spiral, outwardly and downwardly curved, with broad 

external enamel band; inferior molars with large external and rudimentary internal trefoils (fide Cabrera), 
enamel partly folded, ptychoid, transverse. Lower Pleistocene. 

1) Notiomastodon ornatus Cabrera. Superior tusks relatively short and obtuse, sharply downcurved 
2) Notiomastodon argentinus Ameghino. Superior tusks long and slender, gently downcurved 

Subfam. 3. HUMBOLDTINZ Osborn, 1934 (see p. 575 above). Typified by ‘Mastodon’ humboldtii Cuvier. Superior tusks rounded 
or suboval, up- and incurved or straight without trace of an enamel band. Molars relatively broad with 
double trefoils, large infero-external and supero-internal, double trefoils more or less fully developed; 
enamel coarse, progressively ptychoid to chceroid; ridge-crests M 3, 44—-5') (Figs. 560, 561). Proversion 
of inferior molar ridge-crests. Chiefly of browsing and grazing habit and plains- or plateau-loving habitat. 

I. Cuvieronius humboldtii and related species. Tusks elongate; molars with single to double trefoils. Inferior ridge-crests 
proverted; superior ridge-crests transverse or retroverted. Limbs elongate, body relatively short and high. 

1) Cuvieronius humboldtii Cuv., Concepcion, Chile, genotypic species 
2) Cuvieronius brasiliensis Lund (in Lesson), Velhas River, Province of Minas Geraes, Brazil 
3) Cuvieronius platensis Ameghino, Buenos Aires, Argentina. Middle or Lower(?) Pampean 
4) Cuvieronius superbus Ameghino, Buenos Aires, Argentina. Upper(?) Pampean 
5) Cuvieronius bonaerensis (=superbus) Moreno, Buenos Aires, Argentina 
6) Cuvieronius rectus Ameghino, La Ensenada, near La Plata, Argentina, Lower(?) Pampean 
7) Cuvieronius maderianus Ameghino, Buenos Aires, Argentina 
8) Cuvieronius chilensis Philippi, Lake Tagua-Tagua, Chile 
9) Cuvieronius pirayuiensis Gez, near Corrientes on the Parana River, northern Argentina 

II. Cuvieronius. Molars with single trefoils, enamel relatively simple; tusks short, robust, upturned. Limbs relatively short; 
trunk relatively elongate. Chiefly of browsing habit and plateau-loving habitat. 

1) Cuvieronius postremus Spillmann, near Alangasi, Ecuador. Known from cranium, mandible, and complete skeleton. 
Molars with 5! ridge-crests. Upper Pleistocene, pre-Columbian. 

2) Cuvieronius ayore Spillmann, near Punin, Province of Chimborazo, Ecuador. Known from eranium and jaw; also 
nearly complete skeleton; molars with 5's ridge-crests. 

III. Eubelodon morrilli Barbour, Niobrara River, Nebraska. Superior tusks elongate, rounded, downwardly and out- 
wardly turned, without enamel band, molars broad, with double trefoils, ridge-erests M 3, 4%; mandibular 
rostrum elongate, pointed. Cranium less elevated than in Cuvieronius humboldti. 

IV. Stegomastodon mirificus and related species. Tusks abbreviate, upturned; molars with double to multiple trefoils, 
inferior ridge-crests proverted, superior ridge-crests centroverted; M 3, 5'-7}s. 

1) Stegomastodon mirificus Leidy, Nebraska, genotypic species 
2) Stegomastodon chapmani Hays, Nebraska 
3) Stegomastodon successor Cope, Texas 
4) Stegomastodon texanus Osborn, Texas 
5) Stegomastodon arizone Gidley, Arizona 
6) Stegomastodon aftonizx Osborn, lowa 
7) Stegomastodon priestleyi Hay and Cook, Oklahoma 

1Made the type of the new subfamily Notiomastodontine (see Appendix to the present Volume I). 



Fig. 582. ANANCUS ARVERNENSIS, THE STRAIGHT-TUSKED MastTopont OF AUVERGNE, SOUTHERN FRANCE, AND OF NORTHERN ITALY 

Drawn to a one-fiftieth scale, under the direction of the author, by Margret Flinsch (1933) 

Restoration chiefly after mounted skeleton in the Royal University of Bologna (Fig. 585). The size and other data on which the 

skeleton is based are determined not only from the skeleton in the Bologna Museum, but from the nearly entire skeleton (Fig. 584) dis- 

covered at Dusino, near Astiin Piedmont, now deposited in the Turin Museum, also from the unmounted skeleton in the Florence Museum, 

discovered in the lower Val d’Arno in a marine stratum, along with the skeleton of a whale. The well established height of this animal 

at the shoulder is 2550 mm., or 8 ft. 4° in. 

Fig. 583. SyNcoNOLOPHUS DHOKPATHANENSIS, Mippie Priocens Mastopont or Duox PaTHAN IN THE FOOTHILLS OF THE 

Himarayas, Sart Range, NortTHEerN InpiA 

Drawn to a one-fiftieth scale, under the direction of the author, by Margret Flinsch (1933) 
This restoration is based solely on the superb type skull] and tusks discovered by Barnum Brown in 1922. The locality is three 

miles west of Dhok Pathan, 500 feet below the top of the Middle Siwaliks; in the same horizon is found the single-horned Rhinoceros 
palzindicus Fale., believed to be ancestral to the existing single-horned Indian rhinoceros. The estimated height of S. dhokpathanensis at 
the shoulder is 2642 mm., or 8 ft. 8 in. 
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CHAPTER XIII 

THE SUBFAMILY BREVIROSTRINAZ OF EUROPE AND ASIA, 
GENERA ANANCUS, PENTALOPHODON, AND SYNCONOLOPHUS. 

STEGOMASTODON OF THE SUBFAMILY HUMBOLDTINAE IN NORTH AMERICA 

BREVIROSTRINZ/: DESCRIPTION OF ‘MASTODON’ ARVERNENSIS FROM THE AUVERGNE, FRANCE, BY CROIZET 

AND JOBERT IN 1828. ASIATIC SPECIES DESCRIBED BY EICHWALD AND CAUTLEY, 1831-1836; NINETEEN’ EURASIATIC 

SPECIES DESCRIBED SINCE 1828. 

HuMBOLDTIN2: DESCRIPTION OF ‘MASTODON’ CHAPMANI FROM THE ANCIENT TERRITORY OF NEBRASKA IN 

1834. ASCRIPTION OF EIGHT AMERICAN SPECIES TO THE GENUS STEGOMASTODON.’ 

I. HuisroricaL INTRODUCTION. 5. Anancus arvernensis or A. falconeri in Italy; Anancus in 

1. Early history (Cuvier, William Smith). Discoveries in Germany. 
France and in England. 6. Anancus in Hungary, in Volhynia and Bessarabia, 

2. Discoveries in eastern Europe and in Asia (Eichwald, Russia, and in China. ae 
Falconer, Khomenko, Pilgrim, Brown, 1831-1922). 7. Crania of the Brevirostrine mastodonts of Eurasia. 

3. Discovery and description of Humboldtine (Stegomasto- J[II,. Succession OF THE BREVIROSTRINES IN INDIA. 

don) and of Notorostrine (Cordillerion) in North 1. Characters of the genus Pentalophodon Falconer, 1857, 
America (1834-1930). 1865. 

4. Synopsis of the nineteen species of the Brevirostrine 2. The Upper Pliocene Pentalophodon sivalensis Cautley, 

thus far discovered in France, England, Russia, India, dentition. 

and China; also of the eight Humboldtine discoy- 3. The Miocene and Middle Pliocene Synconolophus; char- 

ered in Nebraska, Texas, Arizona, Lowa, and Okla- acters of the genus and of four species. 

homa. - = r 
IV. THe HumMBoupTines oF NorTH AMERICA. 

II. CHARACTERS OF THE SUBFAMILY BREVIROSTRINZ AND 1. Characters of the shinee Stegomastodon Pohlig. . 
INcLUDED GENERA. 2. Characters of the species Stegomastodon chapmani Hays, 

1834-1843, and of S. mirificus Leidy, 1858. 

3. Recently discovered Humboldtines of the southwest, 

Stegomastodon successor, S. teranus, and S, arizone. 

Skeletal characters of Stegomastodon arizon2. 

1. Definition of the three genera Anancus, Pentalophodon, 

and Synconolophus. 

2. History and definition of the genus Anancus. 

3. Characters and geologic distribution of the species of 4. The Pleistocene Humboldtine Stegomastodon aftoniz 

Anancus. Osborn, 1924, the more ancient S. priestleyi Hay and 

4, Distinctions of Anancus arvernensis and the more pro- Cook, 1930, also the new species Stegomastodon primi- 

gressive A. falconerv. tivus. 

(November, 1934). The North American genus Stegomastodon, including seven species ranging from Nebraska to Texas, as fully 

described in the present Chapter XIII, is now removed from the Brevirostrinz of Eurasia and placed among the South American 

mastodonts, of the subfamily Humboldtinz, because of a fundamental resemblance of the grinding teeth to those of ‘Mastodon’ 

humboldtii as shown in the diagrams (Figs. 578-581) at the close of the preceding Chapter XII. See also Appendix to the present 

Volume I for description of the new species Stegomastodon primitivus. 

I. HISTORICAL INTRODUCTION 

The subfamily name Brevirostrine Osborn, 1918, is derived from the name Mastodon brevirostre applied by 

Gervais and de Serres in 1846 to a short-jawed specimen found in the Upper Pliocene of Montpellier. These 

authors in assigning the name ‘brevirostre’ were obviously impressed with the extreme abbreviation of the jaw, in 

contrast to the extreme elongation of the jaw in the ‘Mastodon’ angustidens of Cuvier. 

'See list of species on page 625 below. 
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1. EARLY HISTORY (CUVIER, WILLIAM SMITH). DISCOVERIES IN FRANCE 

AND IN ENGLAND 

(1) The first mention of the Brevirostrines in France was by Cuvier (1806.3; 1812, II, Chap. XJ, Pl. 1, fig. 3) in 

figuring a tooth among other specimens which he selected as belonging to Mastodon angustidens. (2) The Mastodon 

arvernensis of Croizet and Jobert was first described as such in 1828 from Puy-de-Déme, Auvergne, France; but 

according to Depéret (1890, p. 62) in his description of the Middle Pliocene fluvio-lacustrine beds of Roussillon, 

which contained a fauna very similar to that of Montpellier, the type specimen of M. arvernensis had been known 

for two years. (3) From the fluvio-marine sands of Montpellier, Gervais and de Serres described a similar animal 

eee 
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Torin Museum SKELETON OF ANANCUS ARVERNENSIS 

Fig. 584. The Turin Museum skeleton of ‘ Mastodon’ arvernensis, as originally figured by Sismonda in 1851 (Sismonda, 1851, Tav. v1). 

Reproduced one-thirtieth natural size. Falconer says of this (1868, IJ, p. 26): ‘‘Of M. (Tetraloph.) Arvernensis, a nearly entire skeleton 

was disclosed by a railway excavation at Dusino, near Asti in Piedmont, and is now deposited in the Turin Museum. It is deficient only in 

the cranial portion of the head, right hind-leg, part of the scapula and pelvis, and some of the bones of the carpus and tarsus. The upper 

and lower jaws, with the tusks entire to their tips, are preserved; and Prof. Sismonda was only deterred by the brittle condition of the 
bones from attempting to reconstruct the whole.” 3 

in 1846 as Mastodon brevirostre. (4) In 1855 Aymard (Aymard in Dorlhac, 1855, p. 507) named a similar animal 

from near Puy, France, Anancus macroplus. (5) In 1840 Jourdan began to lecture on this animal as Mastodon dis- 

similis, expressing the possibility that it was equivalent to M. arvernensis; in 1858 he described and named the 

species M. dissimilis from the Sadne basin. (6) In their revision of 1879, Lortet and Chantre (pp. 297-303) re- 

viewed these three species of proboscideans under the name Mastodon dissimilis, namely: Mastodon arvernensis, M. 

brevirostris, Anancus macroplus. (7) As a consequence of these early successive descriptions the nomenclature and 

relationships of these animals were in great confusion and we warmly welcome the revision by Lortet and Chantre 

of 1879 and the subsequent thorough study and establishment of the real anatomical characters of the collective 
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species Mastodon arvernensis by Depéret in 1885 and 1890. (8) Meanwhile the generic name Anancus Aymard, 1855, 

signifying ‘straight-tusked’ mastodont, although cited by Lartet in 1859, p. 493, and subsequently by others (in- 

cluding the present author, 1918.468, table), did not gain general acceptance until 1923, when it was redefined by 

Hay in his paper “‘Characteristics of Sundry Fossil Vertebrates” (1923.2, p. 112). It was employed by Osborn in 

the same year (1923.603, pp. 47, 49, ‘“‘Linnzean Classification and Phylogenetic Classification of the Proboscidea”’ 

when redefining his subfamily Brevirostrine, also in 1925 (1925.637, p. 16, and 1925.662, p. 27). In a recent paper 

by Gidley, entitled, “‘Fossil Proboscidea and Edentata of the San Pedro Vally, Arizona”’ (1926, p. 85), he described 

a new species from Texas as Anancus be nsonensis, which, however, the present W riter regards as referable rather to 

the genus Cordillerion. Also Osborn described in 1926 (1926.706, p. 13) the new species Anancus falconeri 

BoLoGgna MusruM SKELETON OF ANANCUS ARVERNENSIS 

Fig. 585. Skeleton of ‘Mastodon’ arvernensis at the Royal University of Bologna, Italy, one-thirtieth natural size. Reproduced through the 

courtesy of Professor G. Capellini from a photograph of the specimen. Compare this photographie reproduction with Tav. 1 of Capellini’s monograph 

of 1908, entitled, ““Mastodonti del Museo Geologico di Bologna,” together with his description and measurements of this superb specimen. 

Falconer (1868, II, p- 26) makes reference to this specimen as follows: ‘‘A skeleton of the same species M. arvernensis), nearly as perfect as the 

skeleton in the Turin Museum, see Fig. 584], which I have examined, was discovered in the lower Val d’Arno in a marine stratum, along with the skele- 

ton of a Whale. It is now laid out in the Museum at Florence, together with numerous other bones of the same species.”” 

Speciric CHARACTERS OF MASTODON ARVERNENSIS (DepéRET, 1885-1890).—In his first article Depéret 

(1885, p. 159) observes: ‘‘Les caractéres essentiels du Mastodon arvernensis peuvent étre résumés dans les points 

suivants: Espéce de grande taille, 4 formes robustes, munie 4 la méchoire supérieure de défenses ou incisives 

courbées en spirale, et pouvant atteindre 3 métres de longueur. Contrairement 4 l’opinion de Lartet et de P. 

Gervais [Footnote: ‘Zoologie et paléontologie générales, 1869, p. 148.’], je crois que ces défenses portaient, comme 

chez le M. angustidens, sur leur face interne, une bande d’émail destinée 4 servir de surface de frottement.” 

Depéret subsequently (1890) referred to the enamel band as a juvenile character only. Depéret in his revision of 

1890 refers all specimens found in France and Italy to M. arvernensis and mentions many localities in southern 

France, on the slopes of the Pyrenees, and in northern Italy where this animal occurs. The characters established 

in these successive descriptions and enumerated by Depéret are: (1) Molars elongate, hence at first confused 
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with those of M. angustidens; (2) primitively bunomastodont, with trefoils on the outer side of the lower molars 

and on the inner side of the upper molars, as in primitive members of the Longirostrine phylum; (3) inner and 

outer cones alternate not opposite; this is the most distinctive and diagnostic character of the grinding teeth; (4) 

ridge formula, in the Middle Pliocene: M 2+ M 32%; (5) rapid abbreviation of the lower jaw, hence the term 

“brevirostre” of Gervais; (6) elongation and straightening of the superior tusks, with regular incurvation towards 

the extreme but without trace of spiral torsion (Depéret, 1890, p. 63); superior tusks with an internal band 

of enamel in the juvenile condition (Gervais, Sismonda, also Depéret, 1890, p. 63), without enamel in the adult 

(7) no lower tusks. condition; 

Mastodon arvernensis.—The fourth left upper milk-molar; from the Norwich 
Crag of Postwick, Norfolk. 4. The lower border of the figure is the 

size. inner border of the specimen. 
Last upper molar, Mastodon angustidens, Fluvio-marine Crag, Norfolk. 4 nat. 

Wituram Smirn’s (1816) WairtincHam Toot Fiutrep Decipuous SuprrRioR PREMOLAR 

Fig. 586. The last upper molar, M®, of ‘Mastodon’ arvernensis, 

from the Norwich Crag, referred by Richard Owen (‘‘ British Fossil 

Mammals,” 1846, p. 276, fig. 97) to Mastodon angustidens. One- 

third natural size. This figure displays the compression of the cones 

and the columnar character of the intermediate conules. The speci- 
men is described by Lydekker (1886, p. 54) as follows: ‘“[Brit. Mus.] 

M.1983. The third left upper true molar (imperfect anteriorly), in 

an early stage of wear; from the Norwich Crag of Norfolk. This 

specimen [the famous Whitlingham tooth, fide Falconer, 1867, p. 48] 

is figured in the frontispiece to William Smith’s ‘Strata identified by 
Organic Fossils’ (1816), and in Owen’s ‘British Fossil Mammals and 

Fig. 587. Norwich Crag. Tooth of ‘Mastodon’ arvernensis regarded 

by Lydekker (1886, p. 53) as a fourth left upper milk molar. Natural 

size. After Lydekker, op. cit., p. 53, fig. 13. Itis very important to note 

that the sides of the main cones are deeply fluted as in the cotype molars of 

‘M.’ arvernensis from Perrier, a character not observed in the specimens 

figured by Falconer and Owen. This corrugated character is attributed by 

Lydekker (cf. pp. 47 and 53), in his definition of the species arvernensis, 

to the milk molars chiefly: ‘‘the enamel of the milk-molars is vertically 

grooved but in the true molars it may be either grooved or smooth; and 

premolars have not been observed” (op. cit., p. 47). Again in describing 

‘M.’ arvernensis Lydekker (op. cit., p. 53) writes: ‘‘The columns of the 
Birds,’ p. 276, fig. 97 (as M. angustidens), and by Falconer and Caut- 

ley in the ‘Fauna Antiqua Sivalensis,’ pl. xxxvi. figs. 8, 8a. William 
Smith’s Collection.” 

Nore (Ossorn): This third superior molar of the right side, r.M°, 

is referable to the progressive species A nancus falconeri Osborn. 

ridges are very tall, and incline forwards in the lower teeth. In some adult 

molars the enamel is grooved, while in others it is quite smooth. A fourth 
upper milk-molar is figured in the accompanying woodcut (fig. 13); and 

full-sized figures of m.* are given by Fritsch in the Jahrb. k. preuss. geol. 

Land. 1884, pls. xxili., xxiv.” 

Nore (Osporn): This is a fourth left superior deciduous premolar, 

1.Dp*, of Anancus falconeri Osborn. 

1816-1846. ANANCUS FOUND IN THE UpPER PLiocenr Norwicu CraG AND RED CRAG or ENGLAND 

(1) A last upper molar (Fig. 586), known as ‘the famous Whitlingham tooth,’ was figured as early as 1816 

in the frontispiece to William Smith’s “Strata identified by Organized Fossils,” according to a note by Falconer 

(1867, p. 48). The same tooth was referred to Mastodon angustidens in Richard Owen’s ‘A History of British Fos- 
sil Mammals and Birds,” 1846, p. 276, fig. 97. 

(2) Falconer was apparently the first to recognize the relationship of this ‘famous Whitlingham tooth’ to 

Mastodon arvernensis of Auvergne, although in the beginning he confused it with the Mastodon longirostris of 

Kaup, just as Richard Owen confused it with the M. angustidens of Cuvier. In the ‘‘Fauna Antiqua Sivalensis” 
Falconer figured three teeth of what he calls the “English Crag Mastodon,” namely: 1847, Pl. xxxv1, figs. 7, 7a, 

———— 
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Norwich Crag (a vertically furrowed last superior milk molar), figs. 8, 8a, Norwich Crag (the famous Whitling- 

ham tooth), and figs. 9, 9a, Red (?) Crag (a specimen dredged up between Southwold and Easton); | 

them in 1867 (Falconer 1867, pp. 47, 48). 
1e descril ved 

(3) In 1926 Osborn pointed out (1926.706, p. 13) that the high-crowned Norwich and Red Crag molar teeth 
belong to a much more progressive stage than the typical low-crowned ‘M.’ arvernensis of Auvergne, and for this 
progressive, subhypsodont stage he proposed the name Anancus falconeri, in honor of Sir Hugh Falconer. 

(4) We owe to Falconer the recognition of the affinity of this Norwich Crag animal to the Mastodon | = Penta- 

lophodon| sivalensis Cautley, 1836, of India. 

Primitive ANANcus Mouars oF Evropge anp OF INDIA 

Fig. 588. First and second inferior molars of the right side, 

r.Mj-2, of ‘Mastodon’ {|=Anancus| arvernensis, characterized by ANANCUS PERIMENSIS FROM Pert IsLanp, LypIA 

Schlesinger as an exceptionally typical specimen. Locality un- Fig. 589. 

known; horizon probably Middle Pliocene. Original in the Natural Perim Island, India, referred by Falconer and Lydekker to ‘ Masto- 
History Museum of Vienna. After Schlesinger, 1917, Taf. xx, don’ |= Anancus] perimensis (same as Fig. 606,10). After Falconer 

fig. 1, reduced to one-third natural size. Compare figure 589. and Cautley, 1846 [1847, Pl. xxx1, fig. 10). 

Observe transverse alternation, dislocation, or proversion of the internal cones. 

Two lower molars, 1.Mz.s, from the Middle Pliocene of 

2. DISCOVERIES IN EASTERN EUROPE AND IN ASIA (EICHWALD, FALCONER, KHOMENKO, 

PILGRIM, BROWN, 1831-1922) 

(1) Votnynta.—As early as 1831 Eichwald described the more primitive Mastodon intermedius from Volhynia, 

southwestern Russia. This is clearly Anancus intermedius. 

(2) Srwauiks.—In 1836 Cautley described his Mastodon sivalensis from the Siwaliks of India, an animal 

now believed to be of Upper Pliocene age, namely, Upper Siwaliks. 

This animal Falconer distinguished in 1857, p. 314, and 1865, p. 262, as Pentalophodon sivalensis, because 

it has five ridge-crested second molars; whereas Mastodon has three ridge-crested second molars. He wrote (1857, 

p. 314): “For reasons which will be explained in the sequel, it would seem that there has existed in nature 

another subgeneric group of Mastodon, of which only a single form is at present known, in which the crowns 

of the ‘intermediate molars’ are divided upon a quinary ridge-formula. This group in our arrangement would 

be characterized, in harmony with the others, as Pentalophodon: and it may with some confidence be predicated, 

that, when the dentition shall have been well determined, the second milk-molar will present four ridges, and 

the last true molar six ridges in the upper jaw.”’ 

(3) Perm Istanp.—In 1847 Falconer figured in the “Fauna Antiqua Sivalensis,”’ Pl. xxx1, figs. 9, 9a, the 

much more primitive Mastodon perimensis from the Middle Pliocene of Perim Island, and in 1867, p. 44, deseribed 

this species as presenting molar characters similar to those of M. sivalensis and M. arvernensis; in fact, we owe to 
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Falconer’s keen vision immediate recognition of the fundamental (i. e., phyletic) similarity between the grinding 

teeth of M. stvalensis and M. perimensis of India and those of M. arvernensis of the Upper Pliocene Norwich Crag 

of England. The Perim Island fauna is of Middle Pliocene age. 

(4) Duok PatrHan.—In 1913 Pilgrim described from the Middle Pliocene Dhok Pathan horizon of the 

Siwaliks the species ‘T’etrabelodon’ corrugatus (which Lydekker had termed ‘Mastodon’ pandionis); also from 

the vicinity of Bhimbar the species Mastodon hasnoti (termed by Lydekker ‘Mastodon’ sivalensis), which he 

recognized as having dental characters of the grinding teeth similar to those of M. arvernensis and M. sivalensis. 

He distinguished M. hasnoti (p. 293) from the previously described Upper Pliocene Mastodon sivalensis of Fal- 

coner ‘‘{1] by being tetralophodont instead of pentalophodont, [2] by having the alternation of the columns 

very slightly marked.” Mastodon hasnoti is of Middle Pliocene age, subsequent to Pikermi and Eppelsheim. 

(5) Perim Istanp.—In 1913, p. 321, Pilgrim pointed out that the abundant Proboscidea of Perim Island, 

including the type of Mastodon |= Anancus] perimensis, were accompanied by a rich mammalian fauna of more 

recent geologic date than the Upper Chinjis (which entirely lack the Mastodon |= Stegolophodon] cautleyi and 

contain species, e. g., Hipparion punjabiense, close to those of the Middle Pliocene Dhok Pathan). Thus he con- 

cludes [Chap. X, figs. 4138, 414] that the types of Mastodon |= Anancus] perimensis and of Mastodon [=Stego- 

lophodon|] cautleyi belong to the Middle Pliocene. 

(6) In 1918 Osborn (1918.468, table opp. p. 134) and again in 1923 (1923.603, pp. 47, 49) applied the generic 

name Anancus to the species Mastodon arvernensis, and in the present Memoir he embraces within this genus the 

following species: Mastodon intermedius Eichwald, 1831, M. brevirostre Gervais and de Serres, 1846, M. perimensis 

Falconer and Cautley, 1847, M. dissimilis Jourdan, 1858, and other species, including Anancus properimensis 

sp. nov. 

(7) In 1925 Osborn adopted (1925.637, p. 16, and 1925.662, p. 27) Faleconer’s generic name Pentalophodon 

(genotype, Mastodon sivalensis Cautley) for species of mastodonts in which the ‘intermediate molars’ are five 

crested, and in the present Memoir he refers to M. sivalensis as Pentalophodon sivalensis. He describes herein 

(p. 653) the new species Pentalophodon falconert. 

(8) In the year 1922 Barnum Brown discovered in the Middle Pliocene Dhok Pathan horizon of the Middle 

Siwaliks, India, and in the more ancient underlying horizon of the Lower Siwaliks, a finely preserved skull and 

the remains of grinding teeth belonging to ten individuals which represent a new genus of the Brevirostrine, 

including five species, described by Osborn in the present Memoir as Synconolophus dhokpathanensis type, S. 

propathanensis type, S. corrugatus type, and S. hasnoti type of Middle Pliocene age (see p. 660 and Fig. 627) 

also S. ptychodus type of the Lower Chinji horizon. 

3. DISCOVERY AND DESCRIPTION OF HUMBOLDTINA (STEGOMASTODON) AND OF NOTO- 

ROSTRIN (CORDILLERION) IN NORTH AMERICA (1834-1930) « 

The first members of the Humboldtinz discovered in America were the Mastodon chapmani Hays, 1834, and 

the Mastodon mirificus Leidy, 1858. Neither author recognized the fundamental resemblance to the Mastodon 

arvernensis of the Auvergne in the alternation of the internal and external cones of the grinding teeth. Leidy was 

impressed with the highly complicated ptychoid or plicate character of the enamel, to which the adjective miri- 

ficus doubtless applies. To this and to other generic distinctions of certain. of the American mastodonts Pohlig 

applied the new generic name Stegomastodon in 1912, and Hay the new generic name Rhabdobunus in 1914. 
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The European name Anancus, signifying straight tusks, does not apply to these American forms, in which the 
tusks are short, massive, and abruptly curved (Fig. 634); the ‘Anancus’ brazosius Hay, 1923, is referred in the 
present Memoir to Trilophodon (?Tetralophodon) brazosius. The ‘Anancus’ orarius and ‘A.’ defloccatus Hay, 1926, 
of Texas, are both referable to the genus Cordillerion; to this Notorostrine phylum should also be added the 
‘Anancus’ bensonensis Gidley, 1926, namely, Cordillerion bensonensis. The true generic stage of Anancus cer- 
tainly does not occur in North America. 

1834. ‘MASTODON’ CHAPMANI, PROBABLY FROM THE “ANCIENT TERRITORY OF NEBRASKA.” —It is certainly 
remarkable that in 1834, only six years after Croizet and Jobert described the first species Mastodon arvernensis 
of the Auvergne, Dr. Isaac Hays, a paleontologist of Philadelphia, came into the possession of a fragmentary 
molar from an unknown locality, probably from the “ancient territory of Nebraska,” to which the name Masto- 

don chapmani was given; this molar tooth unquestionably belongs to the phylum Stegomastodon. 

= Stegomastodon chapmani. 

1858. ‘Masropon’ miriricus or Nepraska.—It was not until 1858, thirty years after Croizet and Jobert’s 
description, that Leidy described from the “Loup Fork of Platte River” a characteristic lower jaw to which he 
gave the name Mastodon mirificus, the adjective mirificus doubtless referring to the highly complicated, ptychoid 
character of the grinding teeth in contrast to the simpler grinding teeth of Mastodon and Trilophodon. 

= Stegomastodon mirificus. 

1892. ‘Masropon’ succEssoR OF THE BLANCO, TExas.—Mastodon successor Cope (name withdrawn by 

Cope in 1893 and erroneously regarded as a synonym of Dibelodon tropicus) now proves to 

= Stegomastodon successor. 

1923. ‘ANANCUS’ BRAZOSIUS OF THxaAs.—In 1923 Hay added the name Anancus brazosius from a type found 

tne Brazos River near San Felipe, Texas.................s.0.00% = Trilophodon (?Tetralophodon) brazosius. 

1924. STEGOMASTODON TEXANUS OF TEXAS.—Remains of these animals are extremely rare in the museums 

of the United States, in fact, the four types above mentioned were the only ones described until 1924 when James 

W. Gidley published his discovery of a large deposit of these Humboldtines in the Blanco formation of Texas, which 

Gidley and Osborn at first referred to the species Mastodon mirificus, but which Osborn subsequently (1924.634) 

BL MOEAIIMISTOUON TETONUS, 006 o's ds ss sn enn pu ee cs ee le eee = Stegomastodon texanus. 

1924. STEGOMASTODON AFTONI&®.—In the year 1924 Osborn (1924.634) also described Stegomastodon aftonix 

of the Lower to Middle Pleistocene of Iowa, a contemporary of the giant southern mammoth Archidiskodon 

imperator of Leidy, apparently the last survivor of the subfamily Humboldtinz in North America. 

= Stegomastodon aftoniz. 

1924. SreGOMASTODON NEBRASCENSIS.—In 1924 Osborn described Stegomastodon nebrascensis from the 

Snake Creek of Nebraska. This proves (1933) to be a true Serridentine.......... = Serridentinus nebrascensis. 

1924, 1926. SrEGOMASTODON ARIZON&® OF ARIZONA.—In 1921 James W. Gidley (Gidley, 1922) explored the 

San Pedro Valley, Cochise County, Arizona, and discovered another very rich deposit of extreme desert origin, 

from which he secured complete skulls and a superb skeleton (Fig. 634) of the species Stegomastodon arizone 

Pennetta) Cncley, 1926... .. 62... Nya ce M Rg ie Ee Ok ane ee ne = Stegomastodon arizonx. 

1926. ‘ANANCUS’ ORARIUS AND ‘A.’ DEFLOCCATUS OF TEXAS.—In 1926 Hay described as ‘Anancus’ orarius, 

from near Sinton, Texas, west bank of the Aransas River, San Patricio County, grinding teeth which are referable 

to another genus and subfamily, namely, Cordillerion of the subfamily Notorostrine. In the year 1926 he also 

named from the same locality Anancus defloccatus, which the present author refers to Cordillerion. 

=Cordillerion orarius and C. defloccatus. 
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1926. ‘ANANCUS’ BENSONENSIS OF ArIZONA.—In 1926 Gidley described from the San Pedro valley, near 

Benson, Arizona, the species Anancus bensonensis, which the present author also refers to the genus Cordillerion. 

=Cordillerion bensonensis. 

1930. GOMPHOTHERIUM PRIESTLEYI OF OKLAHOMA.—In 1930 Hay and Cook described from Frederick, 

Tillman County, Oklahoma, the species Gomphotherium priestleyi, which the present author regards as referable to 

MSEC OMILESLOMUTE | Sepa ccs ns Sitcc cs an? Ms. t jake Rep Reg Wee cis ane tn eR Ree i ae = Stegomastodon priestleyi. 

Summary.—The types of four of the above species show that they were improperly referred to Anancus and 

are properly referable to the genera Cordillerion and Trilophodon. The types of seven of the above species exhibit 

in various progressive stages the distinctive characters of the grinding teeth observed by Leidy in his description 

of ‘Mastodon’ mirificus, but the specific differences between these seven American species of Stegomastodon 

cannot be clearly defined at present. 

The list of species of American Humboldtines, therefore, should stand at present as follows!: 

PROPERLY REFERRED TO STEGOMASTODON IMPROPERLY REFERRED TO ANANCUS 

1834 Mastodon chapmani Hays= Stegomastodon chapmani 1923 Anancus brazosius Hay = Trilophodon (Tetralophodon?) 

1858 Mastodon mirificus Leidy = Stegomastodon mirificus brazosius 

1892 Mastodon successor Cope=Stegomastodon successor 1926 Anancus orarius Hay =Cordillerion orarius 

1924 Stegomastodon texanus Osborn= Stegomastodon texanus 1926 Anancus defloccatus Hay =Cordillerion defloccatus 

1924 Stegomastodon aftoniz Osborn=Stegomastodon aftonie 1926 Anancus bensonensis Gidley =Cordillerion bensonensis 

1924-1926 Stegomastodon arizone Gidley =Stegomastodon 
arizone 

1930 Gomphotherium priestleyi Hay and Cook =Stegomasto- 

don priestleyi 

=, Ls 30 

NAN LEY © BREVIROSTRINAE 

Fig. 590. Geographic distribution of the eighteen! species of Brevirostrine of Eurasia and of the seven? Humboldtine of North America, according 
to list on opposite page. The white dots within the black areas represent the approximate localities where the types were discovered. The crosses represent re- 
ferred specimens mentioned in the present Memoir. 

Compare Chap. XII, p. 536, fig. 501, for paleogeographic range of the Humboldtine in the southern United States and South America, and other members 
of the Proboscidean order. 

"Anancus sinensis Hopwood, 1935, was described too late for insertion on this map (see Appendix to the present Volume I for review and figure). This 
makes nineteen species in all. 

*See Appendix of the present Volume I for description of Stegomastodon primitivus sp. nov., making eight species of Humboldtine in North America. 
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4. 

7. 

8. 

SYNOPSIS OF THE NINETEEN SPECIES OF BREVIROSTRIN THUS FAR DISCOVERED IN 

FRANCE, ENGLAND, GERMANY, RUSSIA, INDIA, AND CHINA; ALSO OF THE EIGHT 

HUMBOLDTINA DISCOVERED IN NEBRASKA, TEXAS, ARIZONA, IOWA, AND OKLAHOMA 

ORIGINAL NAME 

Auvergne, France 
Volhynia, Russia 
Upper Siwaliks, near Nahun, India 
Montpellier, Hérault, France 
Perim Island, India 
Mt. Coupet, Puy-en-Velay, France 

Sadne basin, France 
Near Gavanosy, Ismail, southern 

Bessarabia, Russia 
Italy 

Hasnot, Dhok Pathan, India 
Bhimbar, India 
Herbolzheim, Germany 

Herbolzheim, Germany 

Red Crag of Suffolk, England 
Near Dhok Pathan, India 
Near Chinji Bungalow, India 
Near Dhok Pathan, India 
Pati-Ajam, near Pati, Middle Java 
Shansi, China 
Mio-Pliocene, near Chinji Bungalow, 

Upper Chinji, India 
Upper Pliocene, Upper Siwaliks, 

India 

Upper Pliocene-Pleistocene, 
Nebraska(?) 

Pliocene-Lower Pleistocene(?),! 
Nebraska 

Upper Pliocene, Blanco formation, 
Texas 

[Brazos River, Texas 

Upper Pliocene, Curtis Flats, Cochise 
County, Arizona 

Upper Pliocene, Blanco formation, 
Texas 

Lower Pleistocene,? Akron, Iowa 
{Lower Pliocene, Snake Creek, 

Nebraska 
[Near Sinton, Texas 

{Near Sinton, Texas 

{Near Benson, Arizona 

Near Frederick, Tillman Co., 
Oklahoma 

Lower Pleistocene, near Ainsworth, 
Nebraska 

See Figure 590 

BREVIROSTRINA OF EURASIA 

Mastodon arvernensis Croizet and Jobert 
Mastodon intermedius Eichwald 
Mastodon Sivalensis Cautley 
Mastodon brevirostre Gervais and de Serres 
Mastodon perimensis Falconer and Cautley 

Anancus macroplus Aymard 
Mastodon dissimilis Jourdan 
Mastodon arvernensis Croiz. et Job. var. 

progressor Khomenko 
Mastodon. arvernensis Croiz. et Job. var. 

conservativus Khomenko 
Tetrabelodon corrugatus Pilgrim 
Mastodon hasnoti Pilgrim 
Mastodon minutoarvernensis 
Kahn 

Mastodon gigantarvernensis 
Klahn 

Anancus falconeri Osborn 
Synconolophus dhokpathanensis Osborn 
Synconolophus ptychodus Osborn 
Synconolophus propathanensis Osborn 
Cryptomastodon martini von Koenigswald 
Pentalophodon sinensis Hopwood 

Anancus properimensis Sp. Nov. 

Pentalophodon falconeri sp. nov. 

HUMBOLDTIN.A®S OF NORTH AMERICA 

1834-— 
1843 

1858 

1892 
1923 

1924— 
1926 

1924 
1924 
1924 

1926 

1926 

1926 

1930 

Mastodon chapmani Hays 

Mastodon mirificus Leidy 

Mastodon successor Cope 
Anancus brazosius Hay 

Stegomastodon arizone Gidley (in Osborn, 
1924), Gidley, 1926 

Stegomastodon texanus Osborn 
Stegomastodon aftonie Osborn 
Stegomastodon nebrascensis Osborn 

Anancus orarius Hay 

Anancus defloccatus Hay 

Anancus bensonensis Gidley 

Gomphotherium priestleyi Hay and Cook 

Stegomastodon primitivus sp. nov. 

1Lower to Middle Pleistocene (see Lugn and Schultz, 1934.1, p. 372). 

2Lower to Middle Pleistocene (see footnote 1 on page 671 below). 
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Speciric REFERENCE IN 
PRESENT MEMOIR 

= Anancus arvernensis 
= Anancus intermedius 
= Pentalophodon sivalensis 
= Anancus arvernensis brevirostris 

= Anancus perimensis 

Anancus arvernensis macroplus 
Anancus arvernensis dissimilis 

Anancus arvernensis progressor 

= Nomen nudum 
= Synconolophus corrugatus 
= Synconolophus hasnoti 

= Anancus minutoarvernensis 

= Anancus gigantarvernensis 
=Anancus falconeri 
= Synconolophus dhokpathanensis 
=Synconolophus pltychodus 
= Synconolophus propathanensis 
=Sirenian(?) (cf. Desmostylus) 
=Anancus sinensis 

= Anancus properimensis Sp. nov. 

= Pentalophodon falconeri sp. nov. 

= Stegomastodon chapmant 

= Stegomastodon mirificus 

= Stegomastodon successor 
= Trilophodon (?Tetralophodon) 

brazosius—see Chaps. VIII, EX] 

= Stegomastodon arizonx 

= Stegomastodon texanus 
= Stegomastodon aftoniz 
= Serridentinus nebrascensis—see 

Chap. X] 
=Cordillerion orarius—see Chap. 

XII) 
=Cordillerion defloccatus—see 

Chap. XII] 
=Cordillerion bensonensis—see 

Chap. XII} 
= Stegomastodon priestleyi 

= Stegomastodon primitivus sp, nov. 



SKULLS OF M ARVERNENSIS, M. SIVALENSIS. 
All figures one-twentieth natural size 

Amer. Mus. 10622 (rev.) 

M. SIVALENSIS Ret. 

Falc. 1847, Pl. XLIII, Fig. Vil! 

Amer. Mus. 10622 

M SIVALENSIS Ref, 

Faic,, 1847, Pl. XXXII 

M. SIVALENSIS Ref, 
Amer. Mus. 10622 Falc., 1847, Pl. XLV, Fig. Vill (rev. 

M. ARVERNENSIS Ref 
Weithofer, 1890, Taf. IV, Fig. 1 

M. SIVALENSIS Ref. 
Falc., 1847, Pl. XXXIII, Fig. 2 

M. SIVALENSIS Ret. 5 
Falc., 1847, Pl. XXXII, Fig.l 

M. ARVERNENSIS Ref M. PERIMENSIS Ref. M. SIVALENSIS Ref. 
Weithofer, 1890, p. 12 Pi. XLV, VII (rev.) Falc., 1847, Pl. XXXV, Figs. 1, 16, 

Fig. 591. Cranta or BrevrrosTRIN® FROM ITALY AND INDIA, AND STEGOMASTODON (HUMBOLDTIN®) OF THE 

Unirep States (Texas). ALL FIGURES ONE-TWENTIETH NATURAL SIZE 

PenTaLopHopon _ Referred skull, front view, of Mastodon [= Pentalophodon] sivalensis [=falconeri], after Falconer 

and Cautley, 1846 [1847, Pl. xu, fig. vim]. Side view of same skull, Pl. xy, fig. vim (rev.). 

Second referred skull, front view, of Mastodon [=Pentalophodon] sivalensis [=falconert], after 

Falconer and Cautley, 1846 [1847, Pl. xxxu]. Side view of same, Pl. xxx1u, fig. 1. Palatal 

view of same, Pl. xxx1u1, fig. 2. 

Referred jaws of Mastodon {=Pentalophodon] sivalensis, after Falconer and Cautley, 1846 [1847, 

Pl. xxxv, figs. 1, la). 
ANANCUS Referred skull, front view, of Mastodon [=Anancus] arvernensis, after Weithofer, 1890, Tay. rv, 

fig. 1. Side view of juvenile skull, after Weithofer, 1890, p. 112. 

Referred skull, side view, of Mastodon [=Anancus] perimensis, after Falconer and Cautley, 

1846 [1847, Pl. xtvy, fig. vit (rev.)]. 
Srecomastopon — Stegomastodon texanus type skull and jaws, three views of skull in outline and superior view of 

lower jaws (Amer. Mus. 10622), reduced from figures 639, 642 of the present Memoir. To 

the number Amer. Mus. 10622 the reader should add the name Stegomastodon texanus. 
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Il. CHARACTERS OF THE SUBFAMILY BREVIROSTRINZ AND INCLUDED GENERA 

SUPERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILY: BUNOMASTODONTIDA Osborn, 1921 

SuBFAMILY: BREVIROSTRINAE Osborn, 1918 

Original reference: Bull. Geol. Soc. Amer., Vol. XXIX, p. 136 (Osborn, 1918.468). 

SUBFAMILY CHARACTERS.—(1) Skull brachycephalic, brevirostral. (2) Jaws rapidly abbreviating, in 
correlation with loss of lower tusks; completely brevirostral in Upper Pliocene time, as in Mastodon and 
Elephas. (3) Lower tusks disappearing early; milk tusks with enamel (Synconolophus). (4) Upper tusks 
straight, upturned, out-turned, elongating, attaining great length (Anancus arvernensis). (5) Grinding 
teeth, originally short crowned, brachyodont, finally becoming subhypsodont with folded enamel, 
ptychodont; grinding action as in the Suoidea, taking the place of the chopping action of the Mastodon 
grinders. (6) Internal and external cones progressively alternating and proverted. (7) Central conules 
in Anancus, Pentalophodon, and Synconolophus, posterior lophs alternating and warped (Synconolophus). 
(8) Posterior grinders, M*-M;, multiplying crests to 64-7; anterior grinders disappearing relatively 
early. (9) ‘Intermediate grinders’ 3% crested (Synconolophus), 4 crested (Anancus), 5 crested 
(Pentalophodon). 

Histrory.—The interesting history, from the time of Cuvier to that of the present Memoir, of the gradual 

separation of the Brevirostrines from other bunomastodonts is fully told in Chapter V and need not be repeated 

here. In 1918 Osborn (1918.468, p. 136) proposed the subfamily name Brevirostrine, in allusion to the Mastodon 

brevirostre of Gervais and de Serres which is generally regarded as a synonym of the Mastodon arvernensis of Croizet 

and Jobert. In 1921 Osborn (1921.515, pp. 10 and 11) fully defined the Brevirostrine. 

r.Mz External Paris Museum j ees ey, & 

& ° 
° = = = 

& ry 
& wu 
te 4 

rm = ° 
3 cx Q 2 8 

@ 3 
® ~~ 

£ i) 
+ ¥ 9 

ay 

Internall-Proversion 

z(t) 2 3 4 5 (6)4 4(1) 2 3 4 5 4 
Ref Anancus brevirostris Gervais Type Synconolophus corrugatus Pilgrim 

Fig. 592. Proversion of 5! (6) inferior ridge-crests in right third Fig. 593. Strong proversion of 5! (6) ridge-crests in the type third 

inferior molar, r.M3, of Anancus brevirostris; 22 aristogenes including (C) right inferior molar, r.M3, of Synconolophus corrugatus, including 22+ 

central conules. Observe strong oblique angle of ridge-crests 3 to 5. One-  aristogenes, which obviously evolved a much simpler Anancus brevirostris 

half natural size. form of molar. One-half natural size. 

Anancus brevirostris, A. perimensis, Synconolophus corrugatus, and A. hasnoti (cf. Chap. XII, Fig. 581, p. 613). 

ComPARATIVE CHARACTERS.—These short-jawed bunomastodonts are readily distinguished from all others 

by four principal characters: First, the skull and jaws short, as in the elephants; second, the grinding teeth finally 

reduced to one above and one below, as also in the elephants and in the Stegodonts; third, perhaps most distine- 

tive and unique, the alternation of the main internal and external cones which are placed diagonally instead of 

transversely to the long axis of the crowns, a character first observed by Cautley in describing his species Mastodon 

sivalensis also by Falconer (1846, p. 50) in comparing the Mastodon sivalensis of the Siwaliks with M. latidens, 

and later (1868, II, pp. 29-31) with the Mastodon arvernensis of the British coast Upper Pliocene; the fourth 
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distinctive character is the plication or folding (Synconolophus) of the enamel borders of the molar ridges, giving 
the hippopotamus- and piglike character termed ‘“chcerodont”’ by Schlesinger, the grinding action of the teeth 
being obviously as in pigs, peccaries, and the hippopotami. The grinders, originally brachyodont, become sub- 
hypsodont; thus the single superior and inferior molar teeth become highly effective masticating organs, laby- 
rinthodont in pattern and serving effectually in the comminution of food. 

GrocrapuHic RanGe.—Armed with very powerful upper tusks, the enamel bands of which early disappear, 
propelled by massive limbs supported on a powerful frame, these animals appear to have been adapted to brows- 
ing on the succulent vegetation of the warm-temperate zones, chiefly of the 40th and 30th parallels, from France 
and the southeast coast of England, through northern Italy, then through India, but never reaching North 
America, so far as we know at present. Analogous but unrelated are the species of Stegomastodon. 

SYNCONOLOPHUS DHOKPATHANENSIS: - _—— 
Amer Mas ad o ‘ —<) \ 

Fig. 594. Restoration (right) of the head of Synconolophus dhokpathanensis drawn under the direction of the author by Margret Flinsch, May 1, 1930, 
directly from the type cranium and tusks (left). Observe the extremely elevated position of the orbit, the flat, elongated rostrum, the low, rounded frontal 

contour. Ears conjectural. Right tusk abnormally upturned. Reduction to one-thirtieth natural size. 

SYSTEMATIC AND PHYLOGENETIC REVISION 

It is difficult and somewhat premature to attempt to distinguish the specific and generic stages in this unique 

Brevirostrine phylum. The Upper Pliocene species in France alone require very close comparison inter se. 

A recent discovery is Synconolophus of India, with its long, upeurved tusks, representing a new generic phylum 

with extreme alternation and warping of the molar cones and crests. 

A summary of the generic terms successively applied to these animals is therefore as follows: 

1817 ‘Mastodon’ by Cuvier and all subsequent authors until Osborn revived Anancus in the preparation of 

this Memoir. 

1852 ‘Tetralophodon’ by Warren, and as a section, i.e., subgenus of ‘Mastodon’ (Tetralophodon), by 

Falconer in 1847-1868. 

1855 Anancus by Aymard, based on the genotypic species Anancus macroplus, a synonym of Anancus 

arvernensis. 

1857-1865 Pentalophodon by Falconer, based on the genotypic species Mastodon sivalensis of the Upper 

Pliocene. 

1929 Synconolophus by Osborn, based on the genotypic species Synconolophus dhokpathanensis of the 

Middle Pliocene of India. 



1. DEFINITION OF THE THREE GENERA, ANANCUS, PENTALOPHODON, 

AND SYNCONOLOPHUS 

It now appears that we have to do with three phyla: 

(1) The first purely Eurasiatic, in which belong Anancus arver- 

nensis and A. falconeri, derived perhaps from A. perimensis or A. pro- 

perimensis. 

(2) It has proved that the Indian form Pentalophodon sivalensis 
a 

ANANCUS ARVERNENSIS 2550mM.,8/4/4” 
ITALY 

also has a line of southern Asiatic ancestry of its own, branching from 

Anancus perimensis and distinct from the west European Anancus 

arvernensis. One reason for this supposition is that the Middle 

Pliocene A. perimensis has an even higher ridge formula, M 2 $43 

M 323, than that of the Upper Pliocene A. arvernensis, namely, M 3 23. 

(3) A third phylum, Synconolophus Osborn, probably originated 

in southern Asia; first known in the species Synconolophus ptychodus 
A. 30 co : 2 a SYNCONOLOPHUS DHOKPATHANENSIS 2642mm.,6' 8" 3 

of the Lower Chinji horizon, ascending into the S. corrugatus and S. INDIA 

hasnoti of the Dhok Pathan horizon, and finally evolving into the giant Fig. 595. Restorations of Anancus and Syncong- 
Yi : : ; ; lophus, to a one-hundredth scale, by Margret Flinsch, 
S. dhokpathanensis also of the Dhok Pathan horizon (Middle Pliocene). — under the direction of Henry Fairfield Osborn. 

2. HISTORY AND DEFINITION OF THE GENUS ANANCUS 

Grnus: ANANCUS Aymard, 1855, 1859 

Genotypic species: Anancus macroplus Aymard, 1855 [= Mastodon arvernensis Croizet and Jobert, 1828]. 
Syn.: Subgenus Mastodon (Dibunodon) arvernense Schlesinger, 1917, p. 124. 

Aymard’s generic characterization implied in the name Anancus, in allusion to the straight tusks or upper 

incisors, was a highly distinctive one and served excellently to define the genus, although this character does not 

distinguish all the species. Consequently the ‘straight-tusked Mastodon’ of Upper Pliocene time in France may 

be known by the prior generic name Anancus. Aymard was dilatory in publication and description as follows: 

Aymard described (1847, p. 414) a metacarpal and two last molars but did not assign a name to them. The 

name Anancus macroplus appears in MS., however, on the labels of certain specimens in the Musée Crozatier at 

Puy, although the name was not published until 1855, publication occurring on page 507 of a communication by J. 

Dorlhac, who notes (p. 506, footnote): ‘Cette liste de fossiles est empruntée 4 une communication que M. 

Aymard a faite 4 la Société académique dans sa séance de janvier 1855.” . . . [p. 507] ‘““Mastodontes. Genre 

Anancus. Aym.: Anancus macroplus. Aym. Mastodon. Espéce indéterminée.”’ 

Hirst mention by AyMard:........0:.+5.022+.+++04-sececesess+ss.5+. 1847, p; 414 (not named) 
Anancus macroplus Aymard............00060000 000002222 ee......... 1855, p. 507, in Dorlhac (without definition) 
Anancus macroplus Aymard......................+..................1855 (verbal communication, published in 1859, p. 35) 
Anancus macroplus Aymard cited in Lartet...........................1859, p. 493 (syn. of Mastodon [= Anancus] arvernensis 

Croizet and Jobert) 

History oF THE NAME.—TIn his “Index Generum Mammalium” of 1904, p. 99, Palmer cites this genus as 

follows: 

Anancus Aymard, 1855. Ungulata, Proboscidea, Elephantide. Ann. Soc. Agr., Sci., Arts, et Comm. du Puy, XIX, for 
1854, 507, 1855; XX, for 1855, 35, 1859; Congrés Sci. France, for 1855, I, 271, 1856; Lydekker, Cat. Foss. Mamm. Brit. Mus., 
IV, 52, 1886 (under Mastodon arvernensis). Type: Anancus macroplus Aymard, from Mt. Coupet, near Puy, France. Extinct. 
Anancus, dv, without; ayxos, bend, hollow—probably in allusion to the tusks or upper incisors, which are straight in comparison 
with those of some species of Elephas. 

630 
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(Palmer, T. §., letter, October 23, 1926): In a communication from Dr. Palmer of October 23, 1926, he 

writes as follows: 

As I understand it, the validity of Anancus turns on Lartet’s determination of the species as a synonym of Mastodon 

arvernensis in Bulletin Soc. Géol. France, Ser. 2, Vol. XII [XVI], p. 493, 1859. The date of the genus as a valid name would, 
therefore, date from 1859 or whatever year its connection with M. arvernensis was established. The identity of Anancus macro- 

plus and M. arvernensis seems to be beyond question, in which case the type species becomes M. arvernensis. The type of a 

species is the specimen on which the species was based, but the type of a genus is the species on which the group is based. 

Only in monotypic genera would the same specimen be the type both of the species and the genus. 

PROPOSAL OF THE GENERIC TERM ANANCUS BASED ON ANANCUS MACROPLUS 

The extremely involved history of this generic term and of the various species related to it is kindly given 

by Dr. Lucien Mayet as follows: 

Notes (Dr. Lucien Mayet, Lyon, France, DecemBer 11, 1922).—‘‘La question Anancus macroplus 

Aymard reste imprécisée: ce terme synonyme de Mastodon arvernensis Croizet et Jobert, ne parait véritablement 

pas pouvoir étre conservé en l’absence de toute figure ou description détaillée. Anancus macroplus Aymard = 

Mastodon arvernensis Croizet et Jobert. 

Aymard a multiplié les noms spécifiques pour les débris de Mammiféres qu’il recueillait dans les nombreux 

gisements de la région du Puy-en-Velay. Isolé comme il l’était dans cette petite ville, travaillant 4 une époque 

ov la paléontologie était encore une science extrémement jeune cette surabondance de noms d’espéces s’explique 

aisément. La plupart de ces noms étaient inscrits simplement sur les piéces de la collection d’Aymard, ils ont pu 

étre reproduits dans des listes dressées d’aprés cette collection (Musée Crozatier, au Puy) mais ils ne correspondent 

pas, en général, 4 des animaux décrits et figurés. En ce qui concerne plus spécialement Anancus macroplus 

Aymard avait appliqué ce nom A des ossements et 4 des dents d’un Mastodonte adulte le Mastodon arvernensis 

dont Croizet et Jobert n’avaient figuré que des dents de lait. Il n’y a aucun doute: les piéces étiquettées Anancus 

macroplus sont bien des débris de M. arvernensis. La premiére indication bibliographique qui est généralement 

donnée pour |’ Anancus macroplus est: Bulletin de la Société géologique de France IV. 1. 11 janvier, 1847, pp. 414—- 

415. 

[Mastodon vellavus| Or le nom d’ Anancus macroplus n’y est pas écrit: “M. Aymard signale ensuite un Masto- 

donte surpassant de ¥ le Mastodon maximus de l’Ohio, d’aprés un quatriéme métartarsien, long de 0,255, large en 

haut de 0,110, en bas de 0,145, et ayant 0,095 dans son moindre diamétre. Il propose pour cette espéce le nom de 

Mastodon vellavus.’ (M. vellavus Aymard=M. Borsoni Hays). 

(M. arvernensis désigné par Aymard Anancus macroplus) ‘Un métacarpien de l’annulaire long de 0,152, large 

de 0,072 en haut, 0,080 en bas, et 0,052 au milieu; deux arriéres-molaires a huit pointes, longues de 0,167 et larges 

de 0,096, 4 mamelons comme dans celui de |’Ohio, indiquent une autre espéce, probablement la méme que M. 

Bravard a signalée, peut-¢tre 4 tort, comme ayant aux deux machoires une arriére-molaire 4 dix pointes précédée 

d’une molaire A six pointes; car l’auteur pense que cette formule aurait été déduite d’une arriére-molaire inférieure 

entiére, et seulement d’une portion de macheliére supérieure.’ 

(M. Vialetii Aymard = M. Borsoni Hays) Un autre Mastodonte plus petit que le précédent de 4: Mastodon 

Vialetiz. 

On cite ensuite comme référence bibliographique: Anancus macroplus Aymard. Annales de la Société 

d’ Agriculture, Sciences et Arts du Puy. 1854 [1855], p. 597 [507]. I s’agit d’une simple liste, sans description ni 
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figure. Ilsemble donc que la dénomination Anancus macroplus ne puisse pas étre conservée, ni remplacer celle 

antérieure de Mastodon arvernensis Croizet et Jobert.” 

Summary by Osborn, 1924: From this analysis by Mayet of the literature and history, and from the examina- 

tion by Palmer of the literature available to him in the preparation of his “Index Generum Mammalium”’ cited 

above, as well as by the researches of the present author, four points are established as follows: 

(1) The specifie type of Anancus macroplus Aymard from Mt. Coupet, Puy-en-Velay, is regarded as belonging 

to the same species as the type of Mastodon arvernensis Croizet and Jobert, from Auvergne, France. 

(2) The genus and species Anancus macroplus Aymard, 1855, 1859, were applied to bones and teeth of an adult 

mastodont similar to that which Croizet and Jobert described and figured as Mastodon arvernensis from Auvergne, 

based on the milk dentition. 

(3) In 1847 Aymard described and based the name Mastodon vellavus on a type which is now regarded as be- 

longing to the same species as Mastodon borsoni Hays; also a second species Mastodon Vialetiz which is now 

considered as equivalent to M. borsoni Hays. Thus from the standpoint of systematic description, the five species 

of Gervais and de Serres, Aymard, and Jourdan stand as follows: 

SPECIFIC REFERENCE IN 

ORIGINAL NAME PRESENT MEMOIR 

1846 Mastodon brevirostre Gervais and de Serres = Anancus arvernensis brevirostris 
1847 Mastodon vellavus Aymard = Zygolophodon borsoni vellavus 
1847 Mastodon Vialetii Aymard =Zygolophodon borsoni vialeti 

= Anancus arvernensis macroplus 1855, 1859 = Anancus macroplus Aymard 
= Anancus arvernensis dissimilis 1858 Mastodon dissimilis Jourdan 

(4) To Osborn’s mind the validity of the generic name Anancus depends upon the type specimens from Mt. 

Coupet, Puy-en-Velay, on which the species Anancus macroplus was based. These specimens, according to Doctor pet, ruy y; ) 

Mayet and others, are specifically identical with specimens referred to Mastodon arvernensis. ) I 

Consequently the genus Anancus rests upon the species Anancus macroplus Aymard, 1855, 1859, which is | n ’ >] 

probably identical or synonymous with the prior named species Mastodon arvernensis Croizet and Jobert, 1828; 

for this reason (fide Lartet, 1859, p. 493) Mastodon arvernensis is cited throughout this chapter as the genotypic 

species. 

3. CHARACTERS AND GEOLOGIC DISTRIBUTION OF THE SPECIES OF ANANCUS 

Anancus arvernensis Croizet and Jobert, 1828 Red and Norwich Crags of England (Figs. 586 and 587) and erro- 

Figures 582, 584, 585, 588, 591, 595, 596, 601, 602, and 621 

Upper Pliocene of Perrier, Auvergne, France (type of Mastodon arvernen- 

sis); of Montpellier (type of Mastodon brevirostre); of Puy (type of Anancus 

macroplus); of valley of the Sadne (type of Mastodon dissimilis). 

Syn.: 1846, M. brevirostre Gervais and de Serres, Montpellier, France. 

1855, 1859, Anancus macroplus Aymard, Puy-en-Velay, France. 
1858, Mastodon dissimilis Jourdan, valley of the Sadne. 

1922, Mastodon minutoarvernensis Klihn (see p. 283 of present Memoir). 

1922, Mastodon gigantarvernensis Klahn (sec p. 283 of present Memoir). 

The cotypes of Anancus arvernensis are in a stage of evolution 

similar to that of the types of Mastodon brevirostre, of Anancus 

macroplus, and of Mastodon dissimilis; consequently these three 

species may prove to be synonyms. The crowns of the cotype 

grinders are extremely brachyodont and simple (cf. Figs. 596, 597). 

They are far more primitive than those of specimens found in the 

neously referred to M. arvernensis; these Crag specimens belong 

to the far more progressive new species Anancus falconert Osborn. 

Mastodon arvernensis Croizet and Jobert, 1828. ‘‘ Recherches 

sur les Ossemens Fossiles du Departement du Puy-de-Dome,” 

pp. 133-138. Coryrrs.—Cotype deciduous molars together 
with fragments of upper and lower jaws. Horizon AND 

Locauiry.—Perrier, Auvergne, France; Upper Pliocene. Co- 

TYPE Figures.—Op. cit., Pl. 1, figs. 14, Pl. 11, fig. 7. 

OriainaL Derscriprion.—(Croizet and Jobert, 1828, p. 133): 

Comparing the cotypes with the species previously described by 

Cuvier, e.g., “le grand mastodonte,’”’ “le mastodonte 4 dents 

étroites,” “le mastodonte des Cordiliéres,”’ “le mastodonte hum- 
boldien,”’ and “le petit mastodonte’’: “Tl suffit de jeter un coup 

d’ceil sur la mAchoire supérieure (fig. 7, pl. 11), pour se convainere 
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quelle a appartenu 4 un mastodonte; la dent mamelonnée A six 
pointes, et la forme de la machoire, en avant de la premiére molaire, 
ne peuvent laisser aucun doute A cet égard. . Comme l’animal 
est trés-jeune, la dent 4 quatre pointes est évidemment la prem- 
iére, . . . M. Bravard, qui n’avait pas senti dans le premier 
moment, l’importance de réunir les deux fragmens, s’apergut plus 
tard qu’il était essentiel de les donner ensemble: et, comme il s’était, 
selon toute apparence, assuré qu’ils s’ajustaient parfaitement, il les 
reproduisit dans la figure 4 (pl. 1). . . La figure 2 (pl. 1) parait 
étre une premiére molaire supérieure; elle appartenait probable- 
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GEoLoGic AGr, cr. OsBporn, 1900.187, Pp. 1922.563, pp. 
437-439, 1926.706, p. 13.—Anancus and A. 
falconeri occur amidst the ‘newer pleiocene fauna’ of English 
authors, the ‘faune pleiocéne récente’ of Depéret. Hipparion dis- 

appears, being replaced by Equus stenonis; 
succeeds I. leptorhinus. Macacus florentinus related 
to the living Gibraltar form. The Proboscidea are represented 
by the last of the European mastodons, ‘Mastodon’ {=Anancus] 
arvernensts and ‘M.’ [=Zygolophodon| borsoni, also by three 
species of elephants, namely, Elephas {=Archidiskodon] plani- 

29 
oo, 

AND arvernensis 

Rhinocerus elruscus 

appears 

JuvenILE Corype Mouars or ANANCUS ARVERNENSIS 

Vig. 596. Deciduous cotype molars of Mastodon arvernensis Croizet and Jobert, 1828, Pl. 1, figs. 1-4; Pl. u, fig. 7: 

“Pachydermes Fossiles de la Montagne de Perrier.’’ One-half natural size. (Croizet and Jobert, 1828, p. 221): “Planche 

1. Fig. 1. Machoire inférieure de mastodonte [pp.] 134, 136. Tig. 2. 1° Molaire de mastodonte [p.] 136. Fig. 3. Molaire a 

six pointes, de mastodonte [pp.] 134, 1386. Fig. 4. Molaire 4 huit pointes [pp.] 1385, 141... . Planche u 

Machoire supérieure de mastodonte [pp.] 133, 135, 141.” 

syela MMe is 

. 
frons (Chagny), the far more progressive EZ. [=Archidiskodon] 

meridionalis, and E. |= Hesperoloxodon] antiquus ausonius. 

ment au méme individu que la machoire inférieure, figure 1; elle a 

été trouvé a cété, de celle-ci, . . . Il doit done étre parfaitement 

démontré, soit par les formes, soit par les dimensions des molaires et 

méme par les os des jambes, que nous avons trouvé une nouvelle 

espéce du genre mastodonte; nous proposons de la distinguer sous 

le nom de mastodonte d’Auvergne, mastodon arvernensis.”’ 

Croizet and Jobert published on page 138 a comparative table 

of measurements of the grinding teeth, including the type r.Ms 

of ‘‘Mastodonte 4 dents étroites,” as follows: 

Mastodonte 

From the faunistic table of horizons below it would appear 

that the Norwich and Red Crags, containing the more pro- 

gressive species Anancus falconeri, Archidiskodon meridionalis, 

and a very primitive stage of Hesperolorodon antiquus, are geo- 

logically more recent than the type and other localities of the true 

Anancus arvernensis, namely, Perrier, Montpellier, Puy, and 

Chagny, in which latter locality occurs the more primitive species 

Archidiskodon planifrons. 

Mastodonte Mastodonte Mastodonte Mastodonte Mastodonte Mastodonte 
de VOhio. | A dents ¢troites., des Cordiliéres. | Humboldien. Petit. Tapiroide. d’Auvergne. 

Longueur.... CLO. | 0,116 0,120 0,080 0,079 0,078 0,053 
Largeur. bites 0,060 0,085 0,060 0,040 0,040 0,030 0,085 
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firace VILLAFRANCHIEN (OF NORTHERN ITALY) 

OSBORN: THE PROBOSCIDEA 

Summit or close of the Pliocene (= Plio-Pleistocene transition) =SrT. PREsTIEN of France. 
M. [=Anancus] arvernensis [= Anancus falconeri], E. [= Archidiskodon] 

Red Crag (Suffolk) Marine. M. [=Zygolophodon] borsoni, M. [=Anancus] arvernensis [=Anancus falconeri], E. 
[=Hesperoloxodon] antiquus. E. {= Archidiskodon] meridionalis, fide Lydekker, 1886.2, p. 113. 

England. Norwich Crag (Norfolk) Fluvio-marine. 
meridionalis, E. [= Hesperoloxodon] antiquus. 

Italy. Olivola, a little higher than Val d’Arno. Summit of Pliocene. 
Val d’Arno supér. Thick fluvio-lacustrine beds (60 meters). Fauna fully listed by Stefani. H. [= Archidiskodon|] 

meridionalis, E. |= Hesperoloxodon] antiquus ausonius. 
Astésan, Villafranca (San Paola), Tossano. M. [=Anancus] arvernensis, E. |= Archidiskodon] meridionalis. 

Upper Pliocene 
France. Sainzelles (Puy), a little higher than Perrier. 

Perrier (Issoire) fluviatile gravels. Type of M.[=Anancus] arvernensis. M. |= Zygolophodon| borsoni. 
Montpellier swpér. (Rhéne), fluvio-lacustrine. Type of M. [=Anancus] brevirostre. 
Coupet supér., volcanic deposits. 
Chagny (Bellecroix), Sadne, fluviatile clays and sands. E. [=Archidiskodon] planifrons (ef. Mayet, 1920); M. 

{[=Anancus] arvernensis, M. |= Zygolophodon| borsont. 
Sables 4 Mastodontes du Puy, Coupet, Vialette. Type of Anancus macroplus. 

Anancus arvernensis brevirostris Gervaisand de Serres, 1846 

Figure 597 

Upper Pliocene of Montpellier, Hérault, France. 

Regarded by French authors as a synonym of ‘Mastodon’ { =Anancus} 

arvernensis; untilit is positively determined by monographic research that the 

M? brevirostris of Montpellier is identical with the ‘M.’ arvernensis of Auvergne, 

it seems best to retain this form as a subspecies of ‘Mastodon’ [ = Anancus] 

arvernensis. 

Mastodon brevirostre Gervais and de Serres, 1846. ‘Sur les 

Mammiferes dont on a trouvé les restes fossiles dans la caverne de 

Lunel-Viel et dans les sables de Montpellier.” Ann. Sci. Nat., 

Two Coryrre Inrerior Mouars or ANANCUS ARVERNENSIS BREVIROSTRIS. 

Gervais and de Serres (1846, p. 268) first named this species as 

follows: ‘‘Masropontr, Mastodon.—L’espéce que nous nom- 

merons Mastodon brevirostre |Footnote: ‘L’un de nous (M. 

Gervais) vient de constater dans la riche collection de M. Bravard 

qu’il y [avait] aussi en Auvergne un Mastodonte d’espéce particu- 

liére, ainsi que l’ont pensé les paléontologistes de ce pays. Un 

squelette presque entier, que M. Bravard vient de découvrir aux 

environs d’Issoire, ne permet plus le doute a cet égard. Le Masto- 

donte d’Auvergne se rapproche, par la forme de ses molaires et 

quelques autres particularités, que M. Bravard fera sans doute con- 

AFTER GERVAIS 

Fig. 597. Two cotype specimens of Mastodon brevirostre, after Gervais, 1859, Pl. 1, fig. 3, and Pl. 11, 

fig. 7 (same figures as in first edition of 1848-1852). The following is cited from the edition of 1859, p. 66: 

(Left) Pl. 1, Fig. 3: ‘‘Derniére molaire inférieure [broken 1.M3] du Mastodon brevirostris; des sables de 

Florensae (Hérault).”’ (Right) “Pl. ur, Fig. 7 [au ters de grand nat.]. Derniére molaire inférieure droite 

[r.m3], trouvée auprés de la citadelle de Montpellier et donnée 4 la Faculté des sciences de cette ville, ainsi que 

la machoire inférieure de la figure 9, par M. le colonel du génie Vainsot.’’ Compare this six+crested right 

inferior molar from Montpellier with the six+crested left inferior molar of Anancus properimensis sp. NOV. 

(Fig. 613) from the Lower Chinji horizon of India. Right-hand figure one-third natural size (fide Gervais, op. 

cit., p. 66). 

Paris, (3) V, p. 268. CorypEs.—Lower third inferior molars. 

Gervais in his supplementary description of this species states 

(1848-1852, p. 37): “J’ai établi cette espéce d’aprés un assez bon 

nombre de piéces, dont les unes avaient été attribuées au Mastodon 

angustidens, et les autres aux Elephas primigenius et meridionalis.” 

Horizon AND Locatiry.—Sables marins de Montpellier, Floren- 

sac, Soret near Montpellier, Hérault, France. CoTyPE 

Ficures.—Gervais, 1859, Pl. 1, fig. 3, and Pl. m1, fig. 7 (same figures 

as in first edition of 1848-1852). 

We do not know the exact type. Localities of the cotypes 

(Fig. 597) and of referred specimens are Montpellier and the Sables 

de Florensac (Hérault). 

ORIGINAL DESCRIPTION or MastropoN BREVIROSTRE.— 

Observe central conules in three anterior valleys. 

naitre prochainement, du Mastodon tapiroides de MM. Lartet et de 

Blainville, du Mast. gigantewm et méme, jusqu’a un certain point, 

du Dinotherium.’| nous parait différer de celle du Gers, de l’Orléa- 

nais, de la Hesse, ete.; ses molaires étaient plus larges; sa machoire 

inférieure avait une symphyse courte, et non prolongée en gouttiére 

allongée et armée de défenses: caractéres que MM. Kaup et de 

Blainville ont reconnus 4 la mAchoire inférieure du Mastodon 

angustidens ou longirostre. Les incisives supérieures étaient 

néanmoins en forme de défenses, et garnies d’une bande étroite 

d’émail, comme chez le Mastodon angustidens. Les os de ce Masto- 

donte de ’Hérault sont assez fréquents; on les a pris quelquefois 

pour ceux de ’fléphant, auxquels ils paraissent ressembler plus que 

ceux du Mastodonte miocéne.”’ 



4, DISTINCTIONS OF ANANCUS ARVERNENSIS AND THE MORE PROGRESSIVE A. FALCONERI 
Fig.1 

Mastodon (Tetralophodon) Arvernensis, from the Crag. 

Type oF ANANCUS FALCONERI (Fics. 3 AND 4). AFTER FALCONER 

Fig. 598. Referred ‘Mastodon’ (Tetralophodon) arvernensis from the 
Crag [Red Crag and Nodule bed], England. Reproduced same size from 

Falconer’s ‘‘Palzontological Memoirs,” 1868, Vol. II, Pl. rv. About two-ninths 

natural size. Fig. 1. From Ramsey, near Harwich [Essex]; . . . ‘germ of the 

penultimate true molar from the right side of the upper jaw.”” Fig. 2. Same 
tooth in profile. Fig. 3. From Suffolk; .. . ‘‘the last true molar from the 
left side of the lower jaw. (See page 31.) 5, c, d, e, f, the five ridges composing 

the crown, the mammille# of which are disposed alternately.” Similar to a 

molar regarded as an M® by Cuvier (see Falconer, op. cit., p. 31); cones 

inclined strongly forwards. Fig. 4. Same tooth in profile. 
The tooth (Figs. 3, 4) was selected by Osborn (Osborn, 1926.706, pp. 13, 14) 

as the type of a new species, Anancus falconeri, named in honor of Dr. Hugh 

Faleoner. Figures 1 and 2 equal Anancus falconeri ref. 

635 

Comparison of the type specimens of Mastodon arvernensis 
(Fig. 596) and of M. brevirostre (Fig. 597) with the subhypsodont 
and more progressive specimens from the Red Crag of Suffolk and 
Nodule bed of Ramsey (Fig. 598) proves that Falconer erred in 
placing these specimens in the same species with the specimens of 
‘M.’ arvernensis from Auvergne and Montpellier. While they 
exhibit the same ridge formula, namely, M 3 Ss the specimens 
from the Red Crag of Suffolk belong to a more progressive stage of 
evolution to which the new specific name Anancus falconeri has 
been applied (Osborn, 1926.706, p. 13). Nevertheless Falconer’s 
observations and notes constitute the first clear generic definition 
and distinction of species of Anancus from species belonging to 
Trilophodon and Tetralophodon, as shown in the following citations. 

FALCONER (1868), AGcE.—‘Mastodon’ (Tetra- 
lophodon) arvernensis (Falconer, 1868, II, pp. 26-64). Falconer’s 
comparisons led to the following conclusions (p. 64): “1. That the 
Mastodon remains which have been met with in the ‘Fluyio- 
marine Crag’ and ‘Red Crag’ belong to a Pliocene form, Mastodon 
(Tetralophodon) Arvernensis. 2. That the Mammalian Fauna of 
the Fluvio-marine Crag bears all the characters of a Pliocene age, 
and is identical with the Sub-Apennine Pliocene Fauna of Italy. 
3. That the Red and Fluvio-marine Crags, tested by their Mam- 
malian Fauna, must be considered as beds of the same geological 
age.” 

Osborn, 1924: It proves (1) that Falconer erred in including 
within the same species the ‘M.’ arvernensis of Italy and the speci- 
mens from the Red Crag of England; (2) that the English Red 
Crag specimens are far more progressive and belong to the more 
progressive species Anancus falconeri. (3) Consequently, the Red 
Crag of England is more recent geologically than the Upper 
Pliocene beds of Auvergne, in which occur the cotypes of ‘M.’ 
arvernensis. 

GENERIC AND Speciric CHaRAcTEeRS (FALCONER, 1865, P. 
262; 1868, pp. 24-64).—Besides describing the two skeletons of 
‘M.’ arvernensis in the Turin and Bologna museums (Figs. 584 
and 585 respectively) Falconer distinguishes the species ‘M.’ arver- 

nensis from ‘M.’ longirostris and ‘M.’ angustidens, with which it 
had been confused, by the following characters: 

(1) M° with five ridges, an anterior ‘talon,’ and a strong back 

‘talon,’ each ridge consisting of two pairs of thick, high, conical 

mammille, with very thick enamel; the inner and outer mam- 

mill alternating not opposing; the valleys interrupted with one or 

more large accessory conical mammille, which wear into alternate 

trefoil dises, instead of the single or double transverse dises of M. 

longirostris and M. angustidens, in which the dises are always 
opposite. (2) Mastodon sivalensis of India is most nearly allied 

to the English Crag Mastodon, but differs in the ridge formula: 

‘Mastodon’ sivalensis M 22 M 3 ** [ = Pentalophodon sivalensis 
Caut.]. 

‘Mastodon’ arvernensis M 2 * M3 °2 
Osb.]. 

(3) M. sivalensis exhibits a greater amount of alternation of 

the crown mammille# and more complexity of pattern than is even 

seen in the English Crag Mastodon. (4) [Superior] cones sub- 

hypsodont, compressed at the summit, strongly inclined back- 
Ms extremely elongate [cones inclined forwards], 8% in. 

GEOLOGIC 

[=Anancus falconeri 

wards; 



636 OSBORN: THE 

VW <3in. (Crag of Suffolk), 9% in. X 34in. (Montpellier). (5) 

“The ridge-formula in the molar teeth of the Crag Mastodon, 

including milk and true molars, but exclusive of premolars, as 

inferred from the various data detailed in the previous pages, is— 

Milk molars 2=3+4. True molars 47455” (op. cit., 1868, II, p. 39). 

FALCONER’S NOTES OF 1868 ON MASTODON [=ANANCUS] 

ARVERNENSIS [=ANANCUS FALCONERI, NORWICH AND 

RED CRAGS} 

“Paleontological Memoirs”’ Vol. I, 1868, pp. 467, 468, Pl. xxxvi 

Mastodon arvernensis Croizet and Jobert, 1828, Pl. 1, figs. 

1-4, Pl. 0, fig. 7. 

(1) Upper JAws.—Plate xxxv1, figures 7, 7a, English [Norwich] 

Crag, upper jaw with Dp‘, ridges #-4—%. (Falconer, op. cit., p. 

467) ‘The crown is composed of four ridges with a front and hind 

talon, and a well-pronounced basal ‘bourrelet.’ The three anterior 

divisions are more or less worn, especially along the inner side; 

the last ridge is nearly intact. The ridges are connected by one or two 

stout conical mammille, interrupting their transverse continuity, 

and alternating with the divisions of the main ridges.”’ Figures 8, 

8a [Norwich Crag], upper jaw, r.M°, ridges );-5-}4 “composed of five 

ridges with an anterior talon, and a strong back talon,” valleys 

interrupted by accessory conical mammille, deep clefts between 

the ridges; figures 9, 9a [?Red Crag], upper jaw, 1.M°, ridges 5%. 

‘The crown consists of five ridges and a heel ridge of four points. 

. . . The enamel is very thick. . . . The second and third ridges 

are very closely approximated, with but one intermediate mam- 

milla.” (2) According to the above notes, the formula of Mastodon 

arvernensis of the Norwich and Red Crags is as follows: 

Falconer (1868), type ridge formula of M. arvernensis [= A. 

falconeri]: Dp 4 44 M 3 “=. 
Osborn, 1924: As remarked above, Falconer determined that 

the specimens from the Red Crag of Suffolk, and from the Norwich 

Crag of Norfolk, East Anglia (compare Osborn, 1922.563, p. 437) 

exhibit the same ridge formula, namely, M 3 24, as the speci- 

mens of Mastodon arvernensis from Auvergne; he accordingly 

placed them in the same species, because he was strongly impressed 

with the value of ridge formule. Thus ‘Mastodon’ arvernensis 

has been recorded by all subsequent writers, e.g., E. T. Newton 

(1890), R. Lydekker (1886), and Osborn (1922.563, pp. 436, 437), 

as occurring both in the Red Crag and in the overlying and some- 

what more modern Norwich Crag. The old correlation of the 

Red Crag with the Upper Pliocene Val d’Arno supér. of northern 

Italy is erroneous; the specimen figured by Falconer (Fig. 598), 

and by Osborn (Fig. 599) as the type of the more progressive 

species Anancus falconeri, are described by Falconer and Lydekker 

as from the [Red] Crag of Suffolk; they are certainly much more 

progressive in form than the typical ‘M.’ [= Anancus] arvernensis, 

‘M.’ [=Anancus] brevirostris, of France, etc. 

Anancus falconeri Osborn, 1926 

Figures 586, 587, 598, 599 

Uppermost Pliocene, Red or Norwich Crag of Suffolk, England. 

Comparison of the type figures (Figs. 598, 599) of Anancus 

falconeri will leave no doubt of its complete separation from A. 

arvernensis (see Fig. 596). 

Hugh Falconer. 

History.—tThis specific stage is distinguished from the typical 

Anancus arvernensis of Auvergne by the striking subhypsodonty 

The species is named in honor of Sir 

PROBOSCIDEA 

of the crowns of the grinding teeth and by the close compression of 

the summit of the crowns, although the ridge formula, namely, 

M 323, is the same as in the type of Anancus arvernensis. This 

progressive stage of Anancus, which belongs at the very close of 

the British Pliocene as found in the Red Crag and in the somewhat 

more recent Norwich Crag, was originally described by Owen as 

Mastodon angustidens (Owen, 1846, pp. 271-298), and by Faleoner 

as Mastodon (Tetralophodon) arvernensis (Falconer, 1857, pp. 321- 

360, Pl. x11; 1868, Vol. II, pp. 26-64, PI. rv). 

Anancus falconeri Osborn, 1926. ‘Additional New Genera 

and Species of the Mastodontoid Proboscidea.”” Amer. Mus. 

Novitates, No. 238, November 30, 1926, pp. 18, 14. Typr.— 

. . . “last true molar from the left side of the lower jaw,” from the 

Red or Norwich Crag of Suffolk, England. Cast in Museum of 

Geological Society of London. Horizon AND LocaLiry.— 
Uppermost Pliocene, Red or Norwich Crag of Suffolk, Eng- 

land. Typr Freure.—Originally described and figured as 

Mastodon (Tetralophodon) arvernensis from the Crag (Falconer, 

1857, Pl. xu, figs. 3 and 4, and “Pal. Mem.,” Vol. II, 1868, Pl. rv, 

figs. 3, 4; Osborn, 1926.706, p. 14, fig. 12; reproduced herewith 

(Figs. 598 and 599). 
Type CHarActTrers.—(Osborn, op. cit., 1926.706, p. 14): 

“Tn the five and a half ridges composing the crown, the cones are 

disposed alternately; the inferior cones are inclined strongly 

forwards, closely compressed at the summits, subhypsodont in 

height. Distinguished from the typical Mastodon arvernensis 

Croizet and Jobert, 1828, by the elevated, subhypsodont cones, 

strongly compressed at the summits [Figs. 599 and 586], and by the 

plicated or folded enamel of the milk dentition [Fig. 587]. Ridge 

formula: M 3 sey 

GH Ford del J.Dinksl lith. 

Mastodan (Tetralophodon) Arvernensis, from the Crag. 

Type oF ANANCUS FALCONERI. AFTER FALCONER 

Fig. 599. Type left third inferior molar, 1.M3, of Anancus falconeri 

Osborn, 1926. Uppermost Pliocene, Red or Norwich Crag of Suffolk, England. 

Cast in the Museum of the Geological Society of London. After Falconer, 

1868, Vol. II, Pl. rv, figs. 3 and 4, determined by Falconer as a third inferior 

molar of the left side, 1.M3. About two-ninths natural size. Compare with 

the six--erested third inferior molar of the left side of Anancus properimensts 

sp. noy. of the Siwaliks, India (Fig. 613). 



ee 

grafia di un Mastodonte Angustidente.”’ 

alternation of the cones. 

5. ANANCUS ARVERNENSIS OR A. FALCONERI IN ITALY; ANANCUS IN GERMANY 

It is difficult to determine from the figures and descriptions 
accessible to Osborn whether the specimens described as ‘ Masto- 
don’ arvernensis from northern Italy agree more closely with the 
type of this species from Auvergne, or with the more progressive 
type which we have named Anancus falconeri from the uppermost 
Pliocene Crag of Suffolk, England. From the figure published 
by Sismonda in 1851 (see Fig. 600), it would appear that this speci- 
men at least approaches the more progressive stage of A. falconeri. 

These specimens therefore for the present may all be referred to as 

Anancus arvernensis. 
Stsmonpa, 1851.—In his Memoir of 1851, Eugenio Sismonda 

described a finely preserved lower jaw, which he referred to 
Mastodon [=Trilophodon| angustidens, under the title ‘ Osteo- 

It is not surprising that 

Sismonda referred this animal to Cuvier’s species Mastodon an- 
gustidens because the beautifully preserved molars display single 
trefoils in the center of the valleys; he did not observe the marked 

The ridge formula in this superb speci- 

men should be written: M 3 xj, because it is apparent that 
the molar tooth on the right side is somewhat more progressive than 

that on the left, that the fifth crest or pentalophid is not so fully 

developed as the previous ridge-crests, and that there is a little 

spur representing the sixth crest behind the fifth. 
The original Sismonda skeleton (Fig. 584) in the Turin Museum 

is crushed and incomplete, including the tusks, the lower jaws (Fig 
600), and the upper teeth; the bones are fragmentary, although 
largely present; the individual is not of large size, but it is regarded 

unquestionably as Anancus arvernensis, not as Mastodon anqusti- 
dens as reported by Sismonda. . 

Comparison of the third inferior molar teeth of this beautiful 
specimen (Fig. 600) shows that they are slightly more primitive than 
the type of Mastodon brevirostre Gervais and de Serres (Fig. 597); 
therefore they may be provisionally referred to A nancus arvernensis 

CONTEMPORARIES OF ANANCUS ARVERNENSIS IN ITALY (W. 
D. Marrnew, SEPTEMBER, 1920; Turtn Museum).—A fine series 
of Anancus arvernensis from the Pliocene of Asti includes upper 

Ficure or THe Lower Jaw (Crown 

View) OF ANANCUS ARVERNENBIS (7) 

Fig. 600. Lower jaw of ‘Mastodon’ 

angustidens described and figured by 

Eugenio Sismonda in his memoir of 

1851, “‘Osteografia di un Mastodonte 

Angustidente,”’ Tav. 1, fig. 3. In the 

same plate are figured a side view of the 

palate and lower jaw (Fig. 1); the palate 

with M? (Fig. 2), and the grooved tusks 

(Figs. 4, 5). Portions of the vertebral 

column are figured in Tay. u; of the 

fore- and hindlimbs in Tav. m1; of the 

ribs in Tay. 1v, and of the pelvis in Tav. 

v. An excellent restoration of the parts 

preserved is given in Tav. vi (see Fig. 

584 of the present Memoir). Original 

with a rich collection of Asti specimens 

in the Turin Museum. One-fifth natural 

§-7e. 

jaws, lower jaws (Fig. 600), and various parts of the skeleton. 
The ridge formula is: 

M 2 (constant) 44%: M 3 (variable) 54-6% 

The jaw is always short, much as in Mastodon*americanus, but with 

a small downturned nib of asymphysis; the pelvis is much broader 
than in Llephas, but hardly as wide as in M. americanus. 

A considerable portion of a skeleton was found in 1904; the 

tusks have a lyrate curve, somewhat similar to those of Stegodon 

and of Loxodonta antiqua {= Hesperolorodon antiquus); one tusk is 

nearly 10 feet in length. 

other collections, is a 

Associated with this mastodon, as in 

fine skeleton of Rhinoceros elruscus var. 

astensis, an animal with proportions somewhat similar to those of 

R. bicornis, but shorter in the body and longer in the limbs. 

ANANCUS IN GERMANY 

Anancus minutoarvernensis Kliihn, 1922 

Anancus gigantarvernensis Kliihn, 1922 

In 1922, Dr. Hans Kliihn described the above new subspecies 

of Mastodon arvernensis from Herbolzheim, southern Baden, 

Germany. A brief mention of these mastodonts is made in 

Chapter VIII, p. 283, of the present Memoir. 
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6. ANANCUS IN HUNGARY, IN VOLHYNIA AND BESSARABIA, RUSSIA, AND IN CHINA 

ScHLESINGER, 1922, pp. 61-76.—From the Hungarian collec- 

tion at Budapest, Schlesinger describes very numerous remains from 

various parts of Hungary which he refers to Mastodon (Dibunodon) 

arvernensis and which he figures in detail in his invaluable Memoir, 

including a superior milk molar, r.Dp*, and a right superior 

molar, r.M! (Taf. x, fig. 7, x1, fig. 3) from the Levantin lignites of 

Baroét, also an r.M? from near Budapest (Taf. x1, fig. 7), a tooth 

Fig. 601. Referred grinding teeth of Anancus arvernensis, after 

Schlesinger, 1922, Taf. x1, figs. 4 and 8, one-third natural size. The molar 

shown in figure 4 (upper) is from Ajnicsk6, Komitat Gémor, Hungary, 

that in figure 8 (lower) from Rikoskereszttir, Komitat Pest, Hungary. 

Observe prominent single trefoils on external cones below (1.M;) and 

on internal cones above (r.M?). 

Fig. 602. Referred right inferior grinding tooth, r.M3, of Anancus 

arvernensis, after Schlesinger, 1922, Taf. x1u1, fig. 2, one-third natural 

size. From Ajnieské, Komitat Gdmér, Hungary. 

Observe five and a half ridge-crests, very simple intermediate 

conelets, relatively slight alternation of the cones, resembling grind- 
ers of A. perimensis (cf. Fig. 606 of present Memoir.) 

which might be referred to Tetralophodon longirostris. Unmistak- 

able Anancus arvernensis molars are an r.M! and an 1.M, (Taf. x1, 

fig. 4 and fig. 8—Fig. 601 of the present Memoir) from Ajnaeské 

and Rakoskereszttir, of Levantin or Middle Pliocene age; the 

present author also reproduces herewith (Fig. 602) an r.Ms; (op. 

cit., 1922, Taf. xi, fig. 2) resembling the corresponding tooth of 

Anancus perimensis. Schlesinger speaks (op. cit., pp. 69 and 70) 

of the superb materials from these localities. The cranium (op. cit., 

p. 71) he describes as follows: ‘‘Schadel lagen mir leider nicht vor, 

doch ist die Form des Craniums aus friiheren Publikationen (vel. 

L.-Y. 27,8. 184-136 und 8. 139-141) hinlinglich bekannt geworden. 

Von M. longirostris unterscheidet es sich, soweit dieses bekannt ist, 

durch die bedeutende kegelférmige Zuspitzung des Domes, das 

elefantenartige Hervortreten der die Molaren tragenden Knochen- 

biichsen und die Form und Grdésse des Stossziihne. Letztere waren 

bei M. arvernensis im Vergleich zum kurzen Schiidel lang und 
schlank, lyraf6rmig geschwungen und strebten von der Inzisoral- 

PARATYPE OF ANANCUS INTERMEDIUS 

Fig. 603. Paratype or referred specimen of Mastodon intermedius Eich- 

wald, 1831, found in Volhynia, Russia, on the confines of Austria. After 

Hichwald, 1835, Tab. vir (inner view of jaw), Tab. 1x (crown view of Mg, 

M3), reduced to one-third natural size. 

The figured jaw may be regarded as a paratype, containing Mo, M3, 

with a five-lobed third inferior molar, the crown view of which is fairly well 

figured by Eichwald. The crown view shows the internal and external cones 

strongly alternating, as in Pentalophodon sivalensis and Anancus arvernensis, 

with indications of accessory mamille or conules. The long, narrow propor- 

tions agree closely with those in the type specimen of P. sivalensis Cautley (cf. 

Fig. 616 of the present Memoir), the length being two and a half times the width. 

veole an in sanftem Bogen nach aussen, um sich ungefihr vor der 

Mitte ihrer Linge einander wieder zu nihern.” 

As to the widespread distribution of this species he concludes 
(op. cit., pp. 73 and 75): ‘‘Ebenso wie die Verbreitung des M. ar- 

vernensis tiberhaupt eine ausserordentlich ausgedehnte war (vel. 

L.-V. 27, 8. 142), so wurde die Form im besonderen auch in Ungarn 

an zahlreichen Stellen gefunden. Die meisten Reste hat Ajniesko 

im Komitate Gémor geliefert. Von dort konnten wir obere In- 

zisoren, Mandibeln und zahlreiche Molaren (M!, M?, M’, M, und 

M;, alle in mehreren Stiicken) bekanntmachen. Die Matrix ist 
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ein rostroter Sand und Schotter, der mehrere andere Saugerreste 
geliefert hat, mit welchen wir uns im geologisch-stratigraphischen 
Teil dieser Arbeit ja noch eingehend zu beschiiftigen haben werden. 
Wesentlich ist, dass Elefantenreste nicht gefunden wurden. Alle 
diesbeziiglichen Feststellungen sind Irrtiimer. Ich komme darauf 
noch zuriick. . . . In diesen Schottern, iiber deren oberplioziines 
Alter nicht der geringste Zweifel herrschen kann, fand sich keine 
Spur von M. arvernensis. Es ist daher naheliegend, die regulire 
Verbreitung dieser Art in Ungarn auf das Levantin zu beschriinken. 
Dies umsomehr, als sich auch in den iibrigen, iiber dem Levantin 
gelegenen Horizonten, selbst wenn sie Fossilreste von Wirbeltieren 
geliefert hatten, nie M. arvernensis fand.”’ 

Anancus intermedius Hichwald, 1831 

Figure 603 

Volhynia, Russia, on the confines of Austria. Probably Pliocene. 

This animal, which appears to be closely related to the 

Anancus arvernensis stage of western Europe, was admirably 

described by Eichwald in a long Latin sentence in the “Zoologia 

Specialis,” 1831, pp. 361, 362. De Blainville (1839-1864, p. 253) 

gives the following reference: ‘“Eichwald, 1831, Zool. Spec., 

III, p. 341 [361].” Lydekker does not mention this species. 

M. [Mastodon] intermedius Eichwald, 1831. ‘Zoologia 

Specialis,’”’ Vol. III, 1831, pp. 361, 362. Type AND PARATYPE.— 
Since Eichwald designates as the type “unicum maxille su- 

perioris, (non inferioris, . . . ),” the figured jaw (Fig. 603) may be 

regarded as a paratype. Horizon anp Locatiry.—Volhynia, 
Russia, on the confines of Austria. PARATYPE FIGURE.— 

Type described as “unicum maxille superioris, (non inferioris, 
... ).” Consequently the inferior maxilla and molars Ms, M; 

(Eichwald, 1835, Pls. tvut, tix) belong to a paratype or referred 

specimen and not to the type. We have not found a figure of the 

type maxilla, which is, however, admirably described in the follow- 
ing sentence: 

Tyre Description.—(Eichwald, 1831, pp. 361, 362): ‘3. 

M. intermedius, m., colliculis transversis postremi dentis molaris 

superioris maxille 5, regularibus seriebus dispositis, accessoriis 

conulis inter postremas nullis, areis detritorum eorundem teretibus, 

nec quadratis. Hab. fossilisin Volhynia; fragmentum, quod serva- 

tur in collect. oryet. Lycaei Kremenec., unicum maxillx superioris, 

(non inferioris, ut dicitur vitio scriptorio in opere meo: Skizze l. c. p. 

239) pedale, dentibus 2 molaribus instruitur, quorum alter posticus 

fere 6 poll. longus, ultra 2 latus est, series 5 transverse colliculorum 
plus minus detritorum bene conspicue, aree iste nec rhombos, nec 

angulata quadrata (gall. trefles) constituentes, at teretes, aut angu- 

lato-rotundatz; postremz seu prime seriei colliculi duo approxi- 

mati, minimi, conici, parum detriti, secunde illi majores, distantes, 

laterales, intermediis aliis 2 intercedentibus plane evanidis, tertize 

dein seriei colliculi 4 in semicirculo versus posteriora hiante dis- 

positi, extremis 2 majoribus, intermediis multo majoribus, quartz 

demum et quinte seriei, ipsius itaque antice colliculi maximi, 

duobus in qualibet sitis lateralibus, intermediis exiguis non ecom- 

pletis, tanquam accessoriis, in interstitiis illorum obviis, omnibus 

detritis, areas rotundatas proferentibus; pars maxillaris ipsa ab 
exteriore conspecta, colliculos singulos pollice latiores multoque 

longiores offerens, intermediis magis distantibus quam extremis, 

his in ipso apice adjugatis. Anterioris alterius dentis soli 2 colliculi 
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mammillares plane detriti ac fracti cognoscuntur. E fragmento 

hoe maxillari animal form certe gigantew prodit.”’ 

Osborn, 1924: The measurements taken from Eichwald’s 

figures (Fig. 603) are: Ms, length of crown 161 mm., width of crown 

64 mm., index 40. The ridge formula is: M 3 gz, that is, in 

front of the protolophid there are two small conelets, then follow 

the proto-, meta-, trito-, and tetartolophids, the pentalophid con- 

sisting of two compressed cones; the tritolophid consists of four 

conelets. The actual relationships of this crown either to Anancus 

arvernensis or to certain Siwalik species cannot be determined. 

Anancus arvernensis progressor Khomenko, 1912 

Figure 604 

From near Gavanosy, district of Ismail, southern Bessarabia, Russia. 

Probably Pliocene. 

This progressive Brevirostrine is of interest because of its 

occurrence in southern Russia, half way between the Brevirostrines 

of France and of India. 

M 3 az. 

nence of the ectotrefoils on all four ridge-crests of 1. Mo. 

The ridge formula is apparently M 27, 
The subspecific name progressor applies to the promi- 

In brief, 

Tyre oF ANANCUS ARVERNENSIS PROGRESSOR KHOMENKO 

Fig. 604. Type mandible of Mastodon arvernensis Croiz. et Job. var. 
progressor Khomenko, 1912, from southern Bessarabia, Russia. After Khomen- 

ko, 1912, Pl. 1, fig. 1. Seven-fiftieths natural size. 

Second and third inferior molars, 1.Me, 1.Mg, five-twelfths natural size. 

After Khomenko, 1912, PI. 1, figs. 1, 2. 
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this molar is more complex than that of Anancus arvernensis 

brevirostris of Gervais (Fig. 597). The author’s specific descrip- 

tion is as follows: 

Mastodon arvernensis Croiz. et Job. var. progressor Khomenko, 

1912. Ann. Géol. et Minér. de la Russie, Vol. XIV, livr. 6, pp. 

159-166. Typr.—Lower jaw with Mo-M; in situ. Horizon 

AND Locatity.—From near the village of Gavanosy, district of 

Ismail, southern Bessarabia, Russia. Probably Pliocene. Typp 

FicurE.—Op. cit., 1912, Pl. 1. 

Tyee Description.—(Khomenko, op. cit., p. 165): “La 

variété que je propose de nommer Mastodon arvernensis Croiz. et 

Job. var. progressor, s’est séparé du trone principal comme une 

branche latérale au moment ot l’espéce examinée avait des dé- 

fenses 4 la maAchoire inférieure et ot l’on n’observait encore aucune 

tendance de changement des molaires dans le sens pentalophodonte. 

OSBORN: THE PROBOSCIDEA 

Plus tard, la variété que je déeris perdit complétement les défenses 

inférieures, mais les molaires, en rapport avee le genre de nour- 

riture, resterent tetralophodontes et commencérent seulement a 

percer plus tét. Le manque de la nourriture préférée et le manque 

d’assimilation aux nouvelles conditions vitales ont pu influer sur 

la disparition de cette variété qui n’a pas laissé de postérité.”’ 

In contrast to this type, Khomenko (p. 165) mentions an 

Italian type more conservative in structure, to which, he says, the 

application of the name Mastodon arvernensis Croiz. et Job. var. 
conservativus would be appropriate. This name has no technical 

standing. 

Anancus sinensis Hopwood, 1935 

For description and figure of Dr. A. Tindell Hopwood’s new 

species Pentalophodon {Anancus] sinensis from Shansi, China, see 
Appendix to the present Volume I. 

7. CRANIA OF THE BREVIROSTRINE MASTODONTS OF EURASIA 

In the above figure (Fig. 591, p. 626) there are assembled out- 

line reproductions after Falconer and Cautley, Weithofer, and 

Osborn, of the principal ecrania described up to 1920, namely: 

‘Mastodon’ sivalensis, front views of two referred crania, 

after Faleoner and Cautley, 1846 [1847, Pl. xin, fig. 

vin, Pl. xxx11=Pentalophodon falconeri]. 

‘Mastodon’ sivalensis, ecrania and lower jaws, after Falconer 

and Cautley, 1846 [1847, pl. xiv, fig. vim, Pl. xxxtm, 

fig. 1=P. falconeri; Pl. xxxv, figs. 1, la =P. sivalensis]. 

‘Mastodon’ sivalensis, view of palate, after Falconer and 

Cautley, 1846 [1847, Pl. xxxmu, fig. 2=Pentalophodon 

falconer?|. 

MASTODON PERIMENSIS Ref. 
Pl. XXXVIII 

MASTODON PERIMENSIS Ref. 
Pl. XLII, Vil 

Vig. 605. 

(1847, Pl. xii, vu, Pl. xxxvint, Pl. xxxrx, figs. 2 and 1, and Pl. xnv, vm (rev.)]. 

MASTODON PERIMENSIS Ref. 
Pl, XXXIX, Fig, 2 

Skulls of ‘Mastodon’ perimensis, as figured by Falconer and Cautley from two referred specimens. 

CRANIA OF ANANCUS 

CHARACTERS OF THE CraNniuM.—The front, lateral, and palatal 

views of the cranium of ‘Mastodon’ [=Anancus] perimensis 

(Figs. 605, 591) as compared with those of ‘M.’ [= Pentalophodon|] 

sivalensis and ‘M.’ [=Stegomastodon] mirificus indicate the passage 

from a mastodontine into an elephantine type of cranium, through 

the decided abbreviation of the rostrum of the skull, of the anterior 

portion of the symphyseal region of the lower jaw, correlated with 

the loss of M?-M2. (1) The Anancus and Pentalophodon crania 

approach the true elephantine type, with extreme hypsicephaly 

and fore-and-aft abbreviation, so that the profile of the skull of 

MASTODON PERIMENSIS Ref. 
Pl. XXXIX, Fig. 1 

MASTODON PERIMENSIS Ref. 
PI. XLV, VII (rev.). 

Drawn after Falconer and Cautley, 1846 

These skulls are far more primitive and mastodontoid than the skull of 
‘M.’ sivalensis [=Pentalophodon falconeri]. Lydekker (1886.1, p. 57) erroneously selected as the type of ‘M.’ perimensis the skull (Brit. Mus. M. 2882) 

figured in Pls. xxxvini and XxxIx, as redrawn in this figure. Osborn selects this same cranium as a paratype of ‘M.’ [Anancus] perimensis (see Fig. 612). 

Lectotype (Osporn, 1933).—Falconer’s first mention of the name ‘‘M. perimensis” is on Pl. xxxt, figs. 9, 9a, of the ‘Fauna Antiqua Sivalensis,” 

Pt. IV, 1847, reproduced (Fig. 606) in the present Memoir; this third right superior molar (Brit. Mus. 14744) must be regarded as Falconer’s type of 

‘Mastodon’ perimensis. 

‘Mastodon’ [=Anancus]| arvernensis, front and side views of 

crania, after Weithofer, 1890, Tav. rv, fig. 1, and p. 112. 

‘Mastodon’ {=Anancus| perimensis, side view of cranium, 

after Falconer and Cautley, 1846 [1847, Pl. xtv, fig. vim]. 

To this comparison should be added the following: 

‘Mastodon’ |= Anancus] perimensis, two erania, after Falconer 

and Cautley, 1846 [1847, Pl. xxxvmu, Pl. xxx1x, figs. 1, 2; 

Pl. xin, fig. vir (Fig. 605 above)]. 

Paratype (Osporn, 1933).—The aged cranium (three central views) may be regarded as a paratype (see Fig. 612). 

‘M.”’ sivalensis [Pentalophodon falconeri] (Fig. 591) is as hypsicephal- 
ie as that of the mammoth (Mammonteus primigenius); it is much 

more abbreviate than that, for example, of the African elephant 

(Loxodonta africana). (2) This abbreviation accompanies the con- 

centration of the entire power of mastication on the third superior 

and inferior molars, M*-Ms;, which assume a labyrinthine pattern. 

SKULLS OF THE BREVIROSTRIN”E (W. D. Marrow, SEPTEMBER, 

1920; BririsH Musrum).—The original skull of ‘Mastodon’ 
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sivalensis [= Pentalophodon falconeri| is of a smoky black color 

[Fig. 614]. The palate is extended forward and the roots of small is not more depressed than in Mastodon americanus; two molars 

tusks are present. The skull has excessively short elephantoid are broken off; the tusks aré 

proportions; M? with only five(?) crests. The skull of “Mastodon’ AFFINITIES 

[=Anancus] perimensis is much less shortened up. This is a rela- 

tively small animal and appears to be quite primitive; the palate 

> small. 

to TRILOPHODON AND PENTALOPHODON.—The 

crania of Anancus perimensis, as figured by Falconer and Cautley, 

Fig: 14 

Typr or ANANCUS PERIMENSIS, Fias, 9, 94, Pert ISLAND, Mippte Piiocene; REFERRED, Figs. 10-1) 4 

Fig. 606. Mastodon perimensis Fale. and Caut., 1846 [1847, Pl. xxx1, Figs. 9, 9a, 10, 11a}, one-third natural size. The type specimen 

was first figured and mentioned by Falconer (Falconer and Cautley, 1846 (1847, Pl. xxx1, Figs. 9, 9a] Brit. Mus. 14744) and was 

described as follows (Falconer, 1867, p. 44): “Figs. 9, 9a—Mastodon Perimensis (Fale. and Caut.). ~From Perim Island. Portion of 

upper jaw, right side, with molar, presenting characters [alternation of cones] similar to those of M. Sivalensis and M. A rvernensis.—B. 
: — eteeiat 

“i eet icancunt he \drisy, 11, 11a (Brit. Mus. M.2852) are two specimens refe rred by Falconer and Cautley and by Lydekker 

to this species. See Falconer’s description of these two specimens, also Lydekker’s definition of this species cited below. 
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remind us strongly of the Miocene bunomastodonts, such as certain condyle is very prominent and pedunculate—a unique feature in 

species of Trilophodon and Tetralophodon, in the following characters: the Proboscidea. (4) The frontal region of the cranium is rela- 
(1) The relatively primitive elongation of the rostrum in front tively narrow or laterally compressed. (5) The summit of the 

of the orbits, as contrasted with the extreme abbreviation of the cranium is also narrow, since the temporal fosse are divided by 

cranium in Pentalophodon falconeri. (2) This elongate rostrum is a relatively narrow frontoparietal plate as compared with the 

an adaptation to the presence of two grinding teeth in use at the very broad frontoparietal plate in Pentalophodon falconeri (Fig. 

same time, namely, M 2-M 3, as contrasted with Pentalophodon 591). These cranial characters are beautifully displayed in figure 

in which only M 3 is in use at once in adults. (3) The occipital 612 of this Memoir, which is a reproduction of Falconer’s Pl. 
: a XXxIx, figs. 1, 2, 3. In his descriptive text, Falconer 

(1867, pp. 50, 51) gives the principal characters of this 

skull as follows: ‘“‘The most remarkable character of all 

about this head is the low height of the pterygoid processes 

of the sphenoid, which are very little higher than the con- 

dyles, and the comparatively little elevation of the con- 

dyles above the palate. The interval between the plane of 

the lower surface of the condyles and that of the palate is 

only 5 inches, the height of the occiput being 22 inches. 

This is very much as in the North American Mastodon, 

and even more so, so that the plane of the grinder does 

not differ much from that of the condyles, . . . There are 

two large palatine foramina near the end of the molar. 

The molars (allowing perhaps for some distortion from 

pressure) run parallel, and do not at any rate diverge in the 

remarkable way exhibited by M. Ohioticus; perhaps they 

are less divergent even than in M. Sivalensis. The palate 

looks long. On either side are two molars, the penulti- 

mate and last true. The tusks exhibit an oval outline on 

section. Both zygomatic arches are entire. Presented by 

Captain Fulljames to B. M.” 

Osborn, 1924: The grinding teeth of Anancus peri- 

mensis (Fig. 606) relate this animal to the primitive buno- 

mastodonts, e.g., Phiomia and Trilophodon, in the block- 

= —— == SSS SSS ing of the valleys by the trefoil conules, as clearly shown 
Fig. 607. DrsrrisuTion or ANaNcus IN InprA: Perm ISLAND AND THE PuNJAB jn figure 606, 9a, 10, 11; they agree with the longirostral 

AND SuB-HIMALAYAN ee, : ‘ ; Phiomia and Trilophodon in the elongation of the third in- 
After Osborn, 1910.346, p. 325, fig. 155. Compare fuller and more accurate recen ferior molars. This demonstrates that Anancus springs 

map (forming back end-paper of the present Volume I). : : ; 

1. Manchhar beds; 2. Bugti Hills; 3. Perim Island; 4. Punjab Siwaliks; 6. Sub- from the bunomastodontine and not from the mastodontine 
Himalayan Siwaliks; 6. Beds of the Lower Irrawaddy, after Oldham; 7. Beds of the stock. The crania also demonstrate this ancestry. 
Salt Range, Lower Chinji, Mio-Pliocene. la ~ 
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III. SUCCESSION OF THE BREVIROSTRINES IN INDIA 

The known geographic distribution (Figs. 607, 608, see also maps of India) of the Brevirostrinw is from 
Perim Island, northwest India (3) to the Punjab Siwaliks (4) and the Sub-Himalayan Siwaliks (5). ar , i There is no 

___ indication of this subfamily in the Lower Manchhar beds (1), or in the Bugti beds of B aluchistan (2), or in the 
_ Irrawaddy beds of Burma (6). First appearance in India is the Anancus properimensis sp. nov. of the Mio- 

Pliocene (7). In descending order the geologic succession (more clearly set forth with its accompanying fauna 
in Figs. 413, 414, Chap. X) is as follows: 

Upper Stwaiks, Upper PLiocenr, Pinson? aNd TATROT? 
Pentalophodon sivalensis Cautley. Ridge-crest formula: 

M2 M3 $i. 
Pentalophodon falconeri sp. nov. 

M 3 74, 
Miwpte Siwauiks, Mrppur Piiocenr, Duox ParHan Hort- 

zON, HasNnot, Satt RANGE. 
Synconolophus corrugatus Pilgrim. Ridge-crest formula: 

zu. Enamel highly plicated. 
MippLte Srwaurks, Mippite Puiocenr, Dxox ParHan 

Horizon, DHok PATHAN AND BHIMBAR. 
Synconolophus dhokpathanensis Osborn. 

formula: M 2 34 M 3 x. 
Synconolophus — propathanensis Osborn. 

formula: M23% M3 ican. 
Synconolophus hasnoti Pilgrim. 

M35. Enamel smooth. 
Mrppie PLiocENer, Perm IsLAnp. 

Anancus perimensis Faleoner and Cautley. 
crest formula: M 2 #3 M 3 ##. 
incisors. 

Lower Srwatiks, M1o-Piiocenn, Lower Curt Horizon, 
CHINJI BUNGALOW. 

Synconolophus ptychodus Osborn. 
M 3 5- 

Anancus properimensis sp. nov. 
M 3 sion. 

Ridge-crest formula: 

Ridge-crest 

Ridge-crest 

Ridge-crest formula: 

Ridge- 
Vestigial lower 

Ridge-crest formula: 

Ridge-crest formula: 

Anancus perimensis Falconer and Cautley, 1847 

Figures 605, 606, 609-612, 617, 621 

Middle Pliocene, Perim Island, India. Equivalent to Middle Plio- 

cene, Plaisancien (of France) and Levantin (of Austria and Hungary). 

This is the second stage of Anancus thus far discoy- 

ered; it was described by Falconer as Mastodon perimensis. 

As observed by Falconer (see legend of Fig. 606), the grind- 

ing teeth exhibit the alternation of the internal and exter- 
nal cones characteristic of all Brevirostrines. The ridge formula, 

namely, M 2 ‘4 M3 ae is higher than in Anancus arvernensis; 

the crowns are similarly brachyodont; the rudimentary trefoils are 

on the internal side of the superior molars and on the external side 
of the inferior molars. Consequently this Middle Pliocene south 
Asiatic species may be related to the Upper Pliocene Anancus 
arvernensis of Europe as well as to the Pentalophodon sivalensis of 

India. Otherwise it is far more primitive than the Upper Pliocene 

type of Anancus arvernensis; the grinding teeth are brachyodont 

and show affinities to the bunomastodonts; two grinders are in 

use at once. The type occurs in Perim Island, associated with 

remains of ‘Mastodon’ [=Stegolophodon| cautleyi and Hipparion 

punjabiense. 

Diagrammatic. 

also figure 581, page 613 (A. perimensis). 

__ Brit. Mus M2852 
Mae 

oS “ae 

30 ARISTOGENES 
> 

Fig. 609. Evoturion or Lerr Turrp INrertor GrinpinGc Toor puRING 

DeEposITION OF 7,500 FEET OF SEDIMENTATION 

(Upper) Anancus perimensis ref. Mio-Pliocene, Perim Island. Diagrammatic. 

After Falconer and Cautley (see Fig. 606, 11, 11a). 

(Lower) Anancus properimensis sp. nov. Mio-Pliocene, Lower Chinji horizon. 

Amer. Mus. 19398. Compare figure 613 of the same specimen, 

It is extremely interesting to note that Falconer from the first 

observed a resemblance between the type molars of ‘M.’ perimen- 

sis, ‘M.’ arvernensis, and ‘M.’ sivalensis in the progressive alterna- 

tion of the internal and external cusps. Compare figure 613. 

We also observe on the three to four anterior ridge-crests (proto- 

to tetartolophids) central conules which unite to form ectotrefoils on 

the outer side of the inferior molars, as in A nancus brevirostris (Fig. 

597). These central conules also appear in Synconolophus hasnoti 

molars (Fig. 627). 

Mastodon perimensis Falconer and Cautley, “Fauna An- 

tiqua Sivalensis,”’ 1846 [1847, Pl. xxx]. Typr.—Falconer 

(in Murchison), 1867, p. 44: ‘Portion of upper jaw, right side, 

with molar.’ Lydekker (1886.2, p. 57) does not regard this 
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specimen (PI. xxxt, figs. 9, 9a) as the type, but selects the “im- 

perfect cranium” (Brit. Mus. M.2882), Falconer and Cautley, 1846 

[1847, Pls. xxxvil, XXxrx, our Fig. 612] as the type. Horizon 

AND Locatiry.—Middle Pliocene, Perim Island, India. TYPE 

Ficgure.—Faleoner and Cautley, 1846 [1847, Pl. xxx1, figs. 9, 9a]. 

This specimen is Brit. Mus. 14744 and was the first that Falconer 

described and figured. Lydekker, however, 1886, p. 57, selected as 

the type the skull (Brit. Mus. M.2882) figured by Falconer and 

Cautley in Pls. xxxvi and xxxrx, and fully deseribed by Falconer 

(1867, pp. 50, 51). This skull undoubtedly belongs to the same 

species and may be regarded as Falconer’s paratype. 

Type Description.—Faleoner (Murchison), 1867, p. 44, PI. 

xxx1: “Figs. 9 and 9a.—Mastodon Perimensis (Fale. and Caut.). 

From Perim Island. Portion of upper jaw, right side, with molar, 

presenting characters similar to those of M. Sivalensis and M. 

Arvernensis.—B.M. Length, 6.3 in. Width, 3.3 in.” 

REFERRED SYMPHYSIS AND MOLAR OF ANANCUS PERIMENSIS. 

Fig. 610. Referred symphysis of ‘Mastodon’ (Tetra- 

lophodon) perimensis. After Lydekker, 1880, Pl. xuin, 

fig. 1, two-thirds natural size. Probably Dhok Pathan 

zone, Middle Pliocene. 

(Lydekker, 1885, p. 99): Indian Museum “A.83. 
The symphysis of a mandible without tusks; from near 

Jabi, Punjab. Figured in the ‘Pal. Ind.’ ser. 10, vol. i., 

pl. xliii., fig. 1. Collected by Mr. Theobald.” 

This referred trough-shaped symphysis is similar to 

that of Synconolophus propathanensis type (Fig. 633). No 

associated mandible of ‘M.’ perimensis is mentioned or 

fizured by Falconer. 

REFERRED SPECIMENS 

Fauconer, 1846.—Other specimens (Figs. 10, 10a, 11, 11a) 

referred by Falconer in Pl. xxx1, 1846 [1847], to MW. Perimensis, 

1867, p. 44, Pl. xxx1, are as follows: ‘‘Figs. 10 and 10a.—. . . 

Portion of lower jaw, left side, with penultimate and last true 

molars. Presented by Miss Pepper to B. M. 

molar, 4.8 in. Width, 2.6 in. Length of fragment of posterior 

molar, 2.1 in. Width, 2.8 in. Figs. 11 and 1la.—Fragment of 

lower jaw, with molar. Length of tooth, 8.4 in. Width, 3.5 in.” 

Fatconger, 1868.—Falconer’s original observations on M. 

perimensis are confirmed in the “ Palzontological Memoirs” of 

1868, Vol. I, Pl. 1x, figs. 3 and 4, in which is figured an M! of M. 

perimensis that strikingly suggests an ancestor of M. sivalensis. 

In the description of this same plate, Falconer referred another 

specimen from Perim Island to M. perimensis which certainly re- 

Length of anterior 
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sembles the M. szvalensis kind of molar. That Falconer regarded 

M. perimensis |Middle Pliocene] as related to M. sivalensis [Upper 

Pliocene] is further attested by the fact that he figured the skulls 

and teeth side by side, e.g., Falconer and Cautley, 1846 [1847, PI. 

xxxIx], and Falconer, 1868, Vol. I, Pl. rx (in Murchison). 

Lydekker refers to this species sixteen specimens (1886.2, 

pp. 57-59), from the Pliocene Siwaliks of Perim Island, Gulf of 

Cambay, India; of these eight belong either to Anancus perimensis 

or to Stegolophodon cautleyz. 

LypreKkerR, 1880.—Lydekker (1880, Pl. xu) figures (Fig. 1) 

the symphysis of an abbreviated mandible (Ind. Mus. A.83) also 

(Fig. 2) the symphysis of a mandible broken anteriorly, showing in 

cross-section two small tusks (Ind. Mus. A.59); both specimens 

referred. 

CoMPaARE SYNCONOLOPHUS PROPATHANENSIS (Fic. 633) 

Fig. 611. Referred M! of ‘Mastodon’ 
perimensis. After Falconer, 1868, I, Pl. rx, 

figs. 3, 4, one-half natural size: “Figs. 3 and 4. 

Show in plan and profile the antepenultimate 

molar of the upper jaw, left side, of Mastodon 

Perimensis, one-half of the natural size. The 

specimen was obtained from Perim Island, 
and is in the Museum of the Asiatie Society 
of Bengal.” 

Observe four conelets and central conules. 

Lydekker (op. cit., p. 239) remarks that Falconer on pages 12 

to 15 of the second volume of the ‘‘ Paleontological Memoirs”’ of 

1868 classed M. perimensis “among the Tetralophodons, which have 

the columns of the transverse ridges arranged alternately, and the 

intervening valleys blocked; .. . the molars of this species have a 

considerable quantity of cement in the valleys.’”’ Lydekker recalls 

the discovery in the Punjab of a jaw of this species with partly 

abbreviated symphysis and remarks that ‘‘the species was provided 

with upper premolars, . . . the male was provided with small 

cylindrical mandibular incisors.”’ 

LypeKker, 1884.3.—Lydekker observed (1884.3, p. 153): 

“Tt has been shown in the first volume of the present work [1880] 

that M. perimensis is a species provided with a comparatively short 

mandibular symphysis with small tusks (pl. xuir.), . . . it is quite 

evident that evolution has tended to the shortening of the mandibu- 
lar symphysis and the suppression of the mandibular tusks; and it is 
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ParatyPE (Osporn, 1933) SkuLL or ANANCUS PERIMENSIS. 

Fig. 612. Paratype skull of ‘Mastodon’ perimensis Falconer and Cautley, from Perim Island. 

ANANCUS 645 

ONE-EIGHTH NATURAL SIZE 

After Falconer and Cautley, 1846 [1847, Pl. xxxtx, 

figs. 1, 2, 3]. One-eighth natural size. Observe wide contrast to the progressive Pentalophodon falconeri cranium (Figs. 591 and 614). 

This may be regarded as a paratype of ‘Mastodon’ perimensis. It affords the characters of the skull but not of the teeth, the specific characters of which 

rest upon the specimen first described and figured by Faleoner and Cautley, reproduced in figure 606 of this Memoir. Lydekker, however, in his Catalogue 

of 1886, p. 57, erroneously designates this skull (Brit. Mus. M.2882) as the type. See same aged cranium in three views (top, palate, and side), figure 695 

therefore also pretty evident that the tetralophodont MW. perimensis 

is a more specialized form than the trilophodont M. pandionis, 

which is considered to be an offshoot from the stock of M. angusti- 

dens. . . . Taking all these circumstances together, it is by no 

means improbable that M. perimensis may be a specialized descend- 

ant from the stock of M. pandionis.” (See Fig. 610 above.) 

FALCONER’S SPECIFIC DEFINITION OF 1868 OF MASTODON 
[=ANANCUS] PERIMENSIS 

“Paleontological Memoirs,” Vol. I, 1868, pp. 464, 470, 
Pls. xxx1 and xxxvitt of the “‘ Fauna Antiqua Sivalensis” 

(1) Mastodon perimensis Falconer and Cautley, 1846 [1847, 

Pl. xxx1, figs. 9, 9a]. Tyre.—From Perim Island. (Falconer, 

1868, p. 464): “Portion of upper jaw, right side, with molar, pre- 

senting characters similar to those of MW. Sivalensis and M. Arver- 

nensis (see antea, pp. 117, 122) —B. M. Length, 6.3 in. Width 

3.3 in.” M2, ridges 4%, M$, ridges 54%. (2) Skutus.—Plate xxxvii, 

skull, Perim Island, with M?, M$, length of M** 11.7 in. =296 mm. 

(3) According to the above notes, Falconer’s type and referred 

ridge formula of Mastodon perimensis is as follows: 
Mastodon perimensis: M 2** M 3=3%. 
Osborn, 1924: For the ridge count of M3, Lydekker gives®3; 

if, however, we carefully examine the crown view of the referred 

figure (Fig. 606, 11, 11a), we observe that the count may be M 3 gq, 

because the sixth ridge exhibits four conelets, and behind this is a 

broad talon with two conelets, indicating an incipient half-ridge. 

It is this backward extension of the crown which suggests that 

Anancus perimensis may be ancestral to Pentalophodon sivalensis, 

in which the M 3 typically exhibits six and a half ridges. 

LYDEKKER’S SPECIFIC DEFINITION OF 1886 OF 
{=ANANCUS] PERIMENSIS 

“Catalogue of the Fossil Mammalia in the British Museum 

(Natural History),’”’ Part IV, 1886, pp. 56-59 

Lydekker (1886.2, p. 56) gives the following definition of 

this species: 

contain a 

MASTODON 

“The cheek-teeth of this species are narrow, and 

considerable amount of cement in their valleys; 

Fig. 613. Anancus properimensis sp. nov. (Amer, Mus. 19398), from 800 

feet above base of Lower Siwaliks, 1 mile west of Chinji Bungalow, India. A 

third left inferior molar, 1.M3, with 6'4 ridge-crests, measuring, ap. 196 mm., 

tr. 68 mm., height of metalophid 65e mm. Reduced to one-half natural size. 

Observe prominent central conules on three anterior crests, also warped or 

alternating external cones in trito-, tetarto-, and pentalophids. Compare with 

firure 597 of Anancus arvernensis brevirostris, a right third lower molar; also 

with Synconolophus lower molars (Fig. 632). Observe also that the type 

level of Anancus perimensis is Middle Pliocene, whereas the present form is 

reported from the Lower Chinji horizon, Mio-Pliocene. 

Nore (Osborn, 1933): The biconed fifth and sixth ridge-crests (penta- 

and hexalophids), each consisting of two prominent cones, also the rudimentary 

seventh ridge-crest (heptalophid), are narrower and more primitive than in the 

A. perimensis type (Fig. 606); accordingly this primitive Mio-Pliocene stage 

is named Anancus properimensis (see Fig. 609). 
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Type Pentalophodon faleoneri. Osborn 

Type or PENTALOPHODON FALCONERI SP. NOV. CRANIUM (Brit. Mus. M.2877) REFERRED TO ‘MASTODON’ SIVALENSIS BY Fatconer, 1868 
ONE-SIXTH NATURAL SIZE 

Falconer’s referred cranium probably comes from the Upper Siwaliks, 1,000 feet above the Middle Pliocene Dhok Pathan of the Siwaliks 
Fig. 614. Referred skull of ‘Mastodon’ sivalensis. After Falconer and Cautley, 1846 [1847, Pl. xxx: fig. 1, left lateral view; fig. 2, palate]. (Lydekker, 1886.2, p. 47) Brit. Mus. M.2877: “The imperfect cranium of a female, showing the half-worn ™3 of either side. Tigured by Faleoner and Cautley, op. cit. pls. xxxii. and xxxiii. figs. 1 3; the former figure is copied in ‘Falconer’s Paleontological Memoirs,’ vol. i. pl. x. The molar appears to have six ridges. Cautley Collection. Presented, 1842.” Cast Amer. Mus. 10380. See enlarged molars (one-third natural size—lower left); diagram (one half natural size— lower right). “aleoner [in Murchison] writes in the “Palzontological Memoirs,” 1868, Vol. I, p. 129, regarding this same skull: “A fine specimen of Mastodon Siva- lensis is represented in Pl. x., which is copied from Pl. xxxii. of the Fauna Antiqua Sivalensis.” The student will find the full description of this skull on pages 464, 465 of the same volume. 
The clear specific distinctions between Cautley’s type (Fig. 616) of ‘Mastodon’ | 

Sp. nov. are given below. 
= Pentalophodon} sivalensis and Osborn’s type (Fig. 614) of P. falconeri 
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their columns, which are arranged somewhat alternately, are 
tall and comparatively thin antero-posteriorly; a trefoil is 

formed on one column of each ridge, and the valleys are almost 

completely blocked by accessory tubercles. There is a large hind 
talon to the upper ‘intermediate’ molars, and the third upper 

true molar is moderately tapering posteriorly, its hind talon con- 

sisting of large cusps. The mandibular symphysis is unknown 

[Footnote: ‘The specimens figured in the ‘Palszontologia Indica,’ 

ser. 10, vol. i. pls. xl.—xlii. (except pl. xli. fig. 4), are now referred 

to a distinct species (M. punjabiensis, q.v.).’|, and the milk- 

molars have not yet been determined; it is uncertain whether 

premolars were developed.” 

Anancus properimensis sp. nov. 

Figures 609, 613, and 621 

Mio-Pliocene. One mile west of Chinji Bungalow, India, Lower Chinji 
horizon, 800 feet above the base of the Lower Siwaliks. 

The discovery by Barnum Brown of the type of Anancus 
properimensis in the Mio-Pliocene of the Lower Chinji horizon, 
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7,500 feet below Anancus perimensis of the Middle Pliocene, 

reveals the mode of evolution of the species of the genus Anancus, 

as follows: (1) The evolution in size and proportion (alloiometrie) ; 

(2) the addition of five new conelets (aristogenes), also (3) the 

broadening of the transverse ridge-crests, especially in 4-5-6 

(the penta-, hexalophids) and rudimentary 

heptalophid (4, 3s). 

Typre.—Third left inferior molar, 1.M; (Amer. Mus. 19398). 

Tyrer Ficgure.—Figures 609 and 613 of the present Memoir. 

Speciric CHaracrers.—Ridge-crests, cones, trefoils, central 

tetarto-, biconed 

conules, and conelets much more primitive in structure than in 

Anancus perimensis, especially the tetarto- to heptalophids which 

A total of twenty-five separate 

conical points or aristogenes as compared with thirty conical 

exhibit simple double cones. 

points or aristogenes in the corresponding molar of A. perimensis 

(ef. Fig. 606, 11, lla, also type figure 613, and diagram 609). 

Ridge-crests 5-6-7 narrow, with two cones each, instead of the 

broad ridge-crests, with four cones each, in A. perimensis. 

1. CHARACTERS OF THE GENUS PENTALOPHODON FALCONER 1857, 1865 

Genus: PENTALOPHODON Falconer, 1857, 1865 

Genotypic species: Mastodon sivalensis Cautley, 1836. 

Original reference: Quart. Journ. Geol. Soe. London, Vol. XIII, p. 314 (Falconer, 1857.1). 

The name Pentalophodon first appears in 1857 (Falconer, 1857, p. 314): ‘‘For reasons which will be explained 

in the sequel, it would seem that there has existed in nature another subgeneric group of Mastodon, of which only a 

single form is at present known, in which the crowns of the ‘intermediate molars’ are divided upon a quinary 

ridge-formula. This group in our arrangement would be characterized, in harmony with the others, as Penta- 

lophodon: and it may with some confidence be predicated, that, when the dentition shall have been well deter- 

mined, the second milk-molar will present four ridges, and the last true molar six ridges in the upper jaw.” 

GENERIC DEscrRIPTION (FALCONER, 1857, 1865).—In the above description Falconer had in mind Mastodon 

sivalensis, which in 1865 he clearly designated as the genotypic species of Pentalophodon (Falconer, 1865, p. 262): 

“Tt appears to me that the Indian fossil species M. (Tetralophodon) Sivalensis, figured in the ‘Fauna Antiqua’ 

[Footnote, ‘Op. cit., pl. 36, figs. 1-6.’], presents the first indication in that direction. In the ‘intermediate 

molars’ of this form, both upper and lower, besides the usual anterior ‘talon’ and four large ridges, there is a fifth 

ridge, somewhat reduced in size, but exactly corresponding with the other in form, composed of several large 

mammillary tubercles, separated from the next ridge by a valley, and throwing off an outlying tubercle, which 

reduces the valley, as in M. (Tetralophodon) Arvernensis, to lateral gorges. This fifth ridge is not a mere offset 

from, or subordinate appendage to, the fourth ridge after the ordinary manner of a ‘talon.’ It is supported directly 

by the last fang, and is separated, both on the outer and inner sides, from the latter by the intervening valley. 

.. . Ima fine specimen of a penultimate upper molar of Mastodon Sivalensis, which is now before me, the fifth 

ridge, although well developed and attaining the height of the fourth, bears no trace of a ‘talon’ appended to it; 
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while an antepenultimate lower, which I have also before me, shows distinctly five ridges the last differing in no 

respect of complexity or development from the others, except in being a little smaller, and it bears a distinet 

crenulated adpressed ‘talon’ appendage, having the appearance of a terminal ‘bourrelet.’ . . . The ridge-formula 

for the true molars in Mastodon Sivalensis, is inferred to be 44°5+%; and when the dentition is fully made out, 

it is anticipated that the complete ridge-formula will be nearly thus:— 

Milk-molars. True molars. 

a+4+5 5+5+6_ 9 
o+4+5° 5+5+6-7° 

Falconer’s descriptions and definitions of ‘Mastodon’ sivalensis are chiefly based on specimens figured in three 

of his superb plates, namely: (1) Plate XX XVI, figs. 4, 4a, 5, 5a, superior and inferior molars; (2) Plate XX XVII, 

figs. 7,8, 8a. (3) These molars agree closely in size and character with Cautley’s type (Fig. 616) and they display 

Faleoner’s ridge formula: M2%M3 =. (4) This agreement with Cautley’s type (Figs. 616, 615) renders 

probable Falconer’s molar ridge formula. 

Altogether different and much more progressive are the grinding teeth of the cranium (Pl. XX XIII, fig. 2) 

reproduced herewith in figure 614, which Osborn makes the type of the new species Pentalophodon falconeri. 

GENOTYPIC AND SPECIFIC ERROR (OSBORN, 1933).—(1) Falconer and subsequent writers and commentators 

up to the present time, namely, Lydekker, Pilgrim, Osborn, erred in overlooking the primitive specific characters 

of Cautley’s type figure (Fig. 616) of ‘Mastodon’ sivalensis. Cautley’s type third inferior molar (Fig. 616) with 

64 ridge-crests is far more primitive than the referred superior molar, 1.M*, with 7% ridge-crests in Falconer’s 

referred cranium (Fig. 614) of ‘M.’ sivalensis. Falconer partly based his generic and specific definition of Penta- 

lophodon sivalensis on this referred cranium and dentition (Fig. 614) rather than on Cautley’s primitive type speci- 

men (Fig. 616) and the isolated molars (Figs. 615, 618) which Falconer rightly referred to ‘M.’ sivalensis. 

(2) A very close comparison and analysis of the molars, shown (Fig. 614) to a one-third scale, proves that 

Falconer’s referred cranium (Fig. 614) belongs to a much more progressive species, if not genus, than Cautley’s 

type molar of ‘Mastodon’ sivalensis (Fig. 616). Osborn, retaining Cautley’s type (Fig. 616) of ‘M.’ sivalensis as 

the genotypic species, now makes this referred cranium (Brit. Mus. M. 2877) the type of a new species in honor of 

Hugh Falconer, namely, Pentalophodon falconeri, as a progressive species of Pentalophodon. 

(3) Geologic Age of Pent. sivalensis—After most careful examination of articles by Cautley and by Falconer, 

of the years 1832-1836, Barnum Brown concludes that Captain Cautley was certainly working on the Doab Canal, 

between the Jumna and the Ganges, southeast of Simla, and collecting in the vicinity of Nahun, now classified as 

Upper Siwaliks, equivalent to the Upper Pliocene. 

(Journ. Asiatic Society of Bengal, Vol. V, December, 1836, p. 770) The Editor, Dr. James Prinsep, received a 

letter from Captain Cautley announcing “‘the discovery of a superb specimen of the Mastodon angustidens, a 

skull with both lines of molars, palate, and one orbit entire. . . . A very perfect head of a horse [Hquus sivalensis] 

has also just been extracted by the Sewalik working parties, from the hard sandstone.” 

Thus founded on two Upper Siwalik (Pliocene) species, the more primitive true Pentalophodon sivalensis 

Cautley, also the more progressive species Pentalophodon falconeri sp. nov., the genus Pentalophodon may be 

redefined as follows: 
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GENERIC CHARACTERS (FALCONER, 1857, 1865, OsBorN, 1933).—(1) Second superior and inferior molars 
with 5 ridge-crests. (2) Third superior and inferior molars with ridge-crests progressive from 6% (Pentalophodon 
sivalensis Caut.) to 7% (P. falconeri sp. nov. ). (3) Superior and inferior ridge-crests alternating and extending 
obliquely backwards from the external to the internal faces, typically composed of three main irregular cones, 
set widely apart in P. sivalensis Caut. (6% ridge-crests in 220 mm.); closely compacted in P. falconeri sp. nov. (7% 

ridge-crests in 200 mm.). (4) Crown progressively chcerodont with twenty-two aristogenes in M, of P. sivalensis 

Caut., twenty-seven in M® of P. falconeri sp. nov. (5) Ridge-crests (Pentalophodon) distinguished from Syncono- 

lophus and Anancus by three main transverse cones as compared with four transverse cones (Synconolophus 

and Anancus), also enamel smooth not ptychoid (Pentalophodon), irregularly folded or ptychoid (Synconolophus). 

(6) No trefoils, distinguished also from Anancus by absence of ecto- and entotrefoils, and by presence of central 

conules in two anterior valleys. (7) Cranium of Pentalophodon lofty, hypsicephalic, brachyopic, as compared 

with Synconolophus, platycephalic, dolichopic, brachycranial. (8) Distinguished from Anancus perimensis by 

elevated occipital condyles. 

Anterior Posterior 
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Type “Mastodon sivalensts” Cautley 

Pentalophodoen 

Tig. 615. PENTALOPHODON SIVALENSIS CAuTLEY, 1836. STRONG INTERNAL PROVERSION OF 6'4 INFERIOR RIDGE-CRESTS. 

CoNES SYNCONODONT OR COMPACTED 

One-third natural size 

(Left) Pentalophodon sivalensis type: Diagrammatic restoration of Cautley’s fractured type (cf. Fig. 616) exhibiting strong proversion of 6)2 ridge-crests 

each consisting of four closely compacted conelets; the external pair of conelets tends to become conerescent on wear; in the two anterior valleys are seen 
(C——C) small central conules; each ridge-crest is strongly proverted internally; this type molar is relatively brachyodont, the ridge-crests 1-6 being relatively 

low; altogether 22 separate conelets and conules equaling 22 estimated aristogenes. 

(Right) Pentalophodon sivalensis ref. (Fig. 7, upper) and ideotype, Brit. Mus.M.2874 (Fig. 8, 8a, lower). Crowns reversed. After Falconer and Cautley, 

1846 [1847, Pl. xxxvu, figs. 7, 8, 8a.] More progressive; ridge-crests more elevated; strong internal proversion; conelets and central conules (C——C) 

strongly compacted, synconodont; 22 estimated aristogenes, as in type. 



2. THE UPPER PLIOCENE PENTALOPHODON SIVALENSIS CAUTLEY, DENTITION 

Pentalophodon sivalensis Cautley, 1836 

Figures 615, 616, 618, 621 

Doab Canal,' between the Jumna and Ganges, southeast of Simla, vicinity 

of Nahun, now classified as Upper Siwaliks, equivalent to the Upper Pliocene. 

The type of Mastodon sivalensis Cautley, 1836 (Fig. 616) 

is a 6% crested molar. (Hopwood, letter, Feb. 10, 1932): ‘ Penta- 

lophodon sivalensis Cautley. Apparently the holotype of this 

species is lost, or at least mislaid. I suppose that it may have been 

among the specimens presented to this Museum by Cautley in 

1842 or 1846, but this does not appear likely since the specimen is 
never referred to again either by Falconer or Lydekker. My own 

impression is that the specimen was lost soon after Cautley wrote 

his note on it, anyway we have most of the specimens which he 

figures but not this one, the most important of them all.” 
Dr. Proby T. Cautley, in his quaint original description of 

Mastodon sivalensis (1836, p. 295), pointed out the alternating 

arrangement of the main cones of the grinding teeth as closely 

similar to those of Mastodon arvernensis of Asti, Upper Pliocene of 

Italy. He should thus be credited with discovering its phyletic 

position, a discovery confirmed and amplified by Falconer, who in 

1865 made this highly progressive species, with five-ridged inter- 

mediate molars, the genotype of Pentalophodon, a subgenus of 

Mastodon; M 3 <5. 
M. [Mastodon] Sivalensis Cautley, 1836. ‘Note on the Teeth 

of the Mastodon a dents étroites of the Siw4lik Hills.” Journ. 

Asiatic Soc. Bengal, Vol. V, p. 294. TyPr.—(Op. cit., p. 

295): . . . “perfect molar of a young but adult animal. . . . This 

is the right molar of the lower Jaw.” Horizon AND LocaLi- 

tTy.—Siwalik Hills, India. Tyre Figure.—Op. cit., Pl. x1, 

figs. 2 and 3. 

Tyree Descriprion.—(Cautley, 1836, pp. 294- 

296). After referring the reader to Cuvier’s figure of 

Mastodon arvernensis found at Asti, upper Italy, 

Cautley continues: ‘By comparing the accompanying 

drawings with the figures above alluded to, there can be 

no demur, I imagine, in identifying the Siw4lik variety 

of Mastodon now under review with the Asti fossil. 

It remains therefore simply to note the peculiarities 

in form of the tooth: although it may be a point of 

consideration hereafter, whether, as the character of 

the tooth is so marked, and its peculiarities so rigidly 

adhered to throughout the whole of the remains found 

in the Siw4liks, it may not be placed under a sub- 

genus, that of ‘angustidens,’ with the specific de- 

nomination of M. Sivalensis. . . . The coronal surface 

consists of a double line of conical and obtusely pointed 
mamille: those on the external side being in most 

cases perfect, whilst those on the inner side are divided 

by a fissure or fissures into two or three irregularly 
formed obtuse points. These mamille are not, as in 

the true Mastodon angustidens, placed transversely or 

at right angles with the line of surface, but meet each 

other from right to left alternately, so that the furrow 

on one side is interrupted by the mamilla on the 

other; and the mamille on the whole line of tooth Tig. 615). 
2.95 inches or .074 metres,’ 

lock into each other in the same way that two serrated edges 

opposed to each other might be supposed to do, were they placed 

in contact. The outer surface of the enamel is smooth, and the 

space or furrow between each mamilla both on the external and 

internal surface is marked by a small tubercle, the presence of 

which however does not appear to be constant.’’ There follows a 

minute description of the tooth, after which Cautley concludes 

(p. 295): “I wish to draw attention particularly to the alternating 

position of the mamille, which I consider to be the chief specific 

character, and which is distinctly marked throughout the whole 

series; and, referring again to the Asti fossil as figured in Cuvier, 

I think that a clear identification is established.” 

He then observed (p. 296): “Up to this period I am only aware 

of the discovery of two species of mastodons in the Siwalik hills; 

namely, the variety of M. angustidens which is the subject of 

this note, and the M. Elephantoides of Clift. The former is very 

rare, and the latter in very great abundance.”’ 

OsBorn’s IpEOTYPE OF ‘MASTODON’ sIVALENSIS CAUTLEY 

(Fias. 615, 618)—Osborn (1933) selects as an ideotype a 6% ridge- 

crested right lower molar, r.M;, Brit. Mus. M.2874 (Fale. and 

Caut., 1846 [1847, Pl. xxxvur, figs. 8, 8a]), a perfect molar (Figs. 

615, 618) which is in close agreement in size and form with Cautley’s 

type (Fig. 616). Both Cautley’s type and Osborn’s ideotype 

molars agree very closely in size, in proportions, in number of 

ridge-crests, in brachyodont height of the ridge-crests, in number 

of conical points or aristogenes, a summary of these specific char- 

acters being as follows: 

Type OF PENTALOPHODON SIVALENSIS CAuTLEY, 1836 

Fig. 616. Type of Mastodon Sivalensis Cautley, 1836, Pl. x1, figs. 2 and 3, one-half 

natural size. “Perfect molar of a young but adult animal . . . This is the right molar of 
the lower jaw. The length of this tooth is 9.2 inches or .234 metres, and the breadth . . . 

The original specimen [type] has been lost or mislaid (ef. 

‘See map of the Punjab (constituting the back end-paper of the present Volume), prepared by Erwin J. Raisz in 1927, which has been modified to 

include the Doab Canal and the village of Nahun, as shown in PI. m1 of the “Paleontological Memoirs” of 1868, Vol. I. 
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Pentalophodon sivalensis Cautiry’s Type Osporn’s lDEOTYPE 

Cautley R.M; R.M; 
(Cf. Fig. 616) 3rit. Mus. M.2874 

Ridge-crests............ 6% 6% 

Loita 9.2 in. or 234 mm. 8.8 in. or 225 mm. 

Breadth 2.95 or 74 2.9 or 74 

Index eet die 32 33 

‘Aristogenes,’ single or 

paired cones and cone- 

|hiiss 50et eo ee eee 22 29 

Estimated height of 5th 

ridge-crest............ 80 72 

OBSERVATIONS OF FALCONER AND LYDEKKER ON PENTALOPHODON 

As clearly set forth above, these observations relate to speci- 
mens in the British Museum and in the Calcutta collections, which 

are now distinguished as belonging either to the more primitive 
Pentalophodon sivalensis Cautley (probably of the Pinjor horizon) 

or to the more progressive P. falconeri Osborn (of the Tatrot? 

horizon). 

LypreKkKer (1880, p. 249).—Lydekker observes: “It thus 

appears that in his last notice, Dr. Falconer considered M. sivalensis 
to have a complete pentalophodont ridge-formula. . . . {Falconer, 
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1865, p. 263] ‘and when the dentition is fully made out, it is antici- 
pated that the complete ridge-formula will be nearly thus—Milk- 

2+44+5 
molars 54445 True molars seetien.’ 4 

FALCONER’'S OBSERVATIONS AND MEASUREMENTS OF MASTO- 

DON [=PENTALOPHODON] SIVALENSIS 

‘‘Palwontological Memoirs,”’ Vol. I, 1868, pp. 425, 465-497, de- 

scription of Pls. 11, xxxu-xxxvi of the “Fauna Antiqua Sivalensis”’ 

1836, Pl. xu, 
a: Type, r.Ms, with 6% ridges. (1) Upper Jaws. 

10a, section of M®, ridges 4—-5—s. 

Pentalophodon  sivalensis Cautley, figs. 2, 

Plate mi, fig. 

“There are five principal ridges, 

with a subordinate ridge in front, and a talon ridge behind.” 

Length of molar 7 in.=178 mm. Plate xxxzv, fig. 1, skull with 

palate, M**, M* with 4% ridges, that is, 4 ridges and a heel, length 

4.7 in.=120 mm., width 2.8 in.=73 mm.; M® with 5 ridges; 

diagonal connection between inner and outer discs as in Masto- 

don arvernensis, points or denticles in sivalensis very high, obtuse; 

length of M® 6.4 in.=164 mm.; width 3 in.=76 mm.; figs. 2, 

2a, upper jaw, M®, with 6 ridges. Plate xxxv1, figs. 4, 4a, upper 

jaw with M®, ridges 5, alternately disposed crown mammill#; 

figs. 5, 5a, upper jaw, with ?M®, ridges 5's, length 6.5 in. = 166 mm., 
width 2.9 in.=75 mm.; figs. 6, 6a,' upper jaw, M®, ridges 6%. 

“Tt has six ridges and a hind talon, and in this respect it differs from 

both M. Arvernensis and M. longirostris, but it most resembles the 

former in so far as the alternate disposition of the crown mammille 

is concerned. The complexity of pattern is even greater than in 

the English Crag Mastodon.” (2) Lower Jaws.—Plate 1m, 

fig. 10b, section of Ms, ridges 6’. Plate xxxv, fig. 1, lower jaw 

with one molar on either side, ridges 6. Plate xxxvu, figs. 1, la, 

Rererrep L.M? or ANANCUS PERIMENSIS (LEFT) COMPARED WITH REFERRED L.M’ or ANANCUS FALCONERI (Rieu) 

Fig. 617. Referred ‘Mastodon’ sivalensis {[ =Anancus perimensis] (left) and referred ‘Mastodon ! i Anancus) arvernensis | = fal- 

coneri| (right). After Falconer and Cautley, 1846 [1847, Pi. XXXVI, figs. 6, 6a, 9, 9a], one-third natural size, ™ 

Left figures: Anancus perimensis (6, 6a), from the Siwalik Hills, India: ‘‘Last molar, upper jaw, left side in plan and profile. 

It has six ridges and a hind talon, and in this respect it differs from both M. Arvernensis and M. longirostris, but it most resembles the 

former in so far as the alternate disposition of the crown mammillw is concerned. The complexity of pattern is even greater than in 

the English Crag Mastodon.—Cast in B. M. .. Length of tooth, 7.8 in. Width, 3.3 in.” (Falconer, 1868, I, p. 467). Brit. Mus. M.2857. 

Right figures: M. | =Anancus| arvernensis { =falconert] (9, 9a), dredged from the sea between Southwold and Easton, nes 

England: “Another specimen of last true molar, upper jaw, left side. T his is Captain Alexander $ specimen dredged up er 

Southwold and Easton, and of which there is a cast in the Museum of the Geological Society. The specimen is very black w ith a 

The crown consists of five ridges and a heel ridge of four points.” (Faleoner, op. cit, p. sandy matrix and no vertical pillaring 

468.) Cast Brit. Mus. M.2903. 

‘Referred by Osborn to Anancus perimensis (see Fig. 617 of present Memoir). 



652 

portion of lower jaw, right side, with Dp, Dps, length of Dp», 

.6 in.=15 mm., breadth .4 in.=10 mm., length of Dp;, 1.8 in. = 

46 mm., width 1.1 in.=27 mm.; figs. 2, 2a, portion of lower jaw, 

left side, two outer mentary for., Dp. and Dps, length of Dp» 

4 in.=10 mm., width .4 in.=10 mm., length of Dp; 1.9 in.= 

49 mm., width 1.2 in.=30 mm., height at anterior margin 2.3 

in.=59 mm.; figs. 3, 3a, portion of lower jaw, right side, with 

symphysis and Dp,, fragment of M,, length of Dp, 3.5 in.= 

89 mm., width 2 in. =51 mm., height at posterior margin 4.2 in. = 

107 mm.; figs. 8, 8a, fragment of lower jaw, left side, perfect 

specimen of M;. The alternate disposition of the mammill of the 

crown is finely exhibited. Length of M; 8.8 in. =225 mm., width 

2.9 in.=74 mm.' (3) Skutis.—Plate xxxu. Skull with M?’, 

ridges 7}, length 7.8 in.=200 mm., width 3.3 in.=84 mm. 

Plate xxx1u1, figs. 1, 2, 3, lateral, palatal, and occipital views of same 

skull as that figured in Pl. xxxu [= P. falconeri sp. nov.]. 
According to the above notes (Falconer, 1868), the formula 

of the referred specimens of Pentalophodon sivalensis is as follows: 

IpEOTYPE (OSBORN) OF PENTALOPHODON SIVALENSIS CAUTLEY 

Fig. 618. A six and a half ridged right lower molar of ‘Mas- 

lodon’ sivalensis. After Falconer and Cautley, 1846 [1847, Pl. 

xxxvul, figs. 8, 8a], one-third natural size. Brit. Mus. M.2874, 

transferred from the Old Indian Museum, 1880. 

(Lydekker, 1885, p. 93): ‘‘A.120 [Ind. Mus.]. Cast of a frag- 

ment of right ramus of the mandible containing the third true molar. 
The original is from the Siwalik Hills, and is figured (reversed) in the 

‘PF. A.S.’ pl. xxxvii., fig. 8. Itis in an early condition of wear, and 

shows six ridges and a talon; the alternate arrangement of the 
column is very well marked.” 

This ideotype of Pentalophodon sivalensis Caut. agrees very 

closely with Cautley’s type, as shown in the diagrammatic figure 615. 

OSBORN: THE PROBOSCIDEA 

Falconer’s type and referred ridge formula of P. sivalensis: 
44-5 5-5it-14-5-16-6-6 14 

M2 M 8 55-08 
LypEKKER’s Nores or 1886 (Lydekker, “Catalogue of the 

Fossil Mammalia in the British Museum (Natural History),”’ 

Part IV, 1886, p. 47).—Lydekker (1886, p. 47) wrongly placed 

Mastodon sivalensis in the tetralophodont group, defining the 

species as follows: 

“The cranium (woodcut, fig. 11 [Fig. 619 = Pent. falconeri]) 

of this specialized species is much vaulted, and the mandibular 

symphysis short and devoid of incisors. The inner and outer 
columns of the cheek-teeth are placed alternately (although there 

is some variation in this respect), and when worn present irregularly- 

shaped disks of dentine. In consequence of this arrangement the 

REFERRED PENTALOPHODON FALCONERI 

Fig. 619. Profile of skull of referred ‘Mastodon’ sivalensis. 

Reproduced from Gaudry (1878, p. 185, fig. 245); one-sixteenth 

natural size. This is the same as woodcut figure 11 of Lydekker 

(1886.2, p. 48), Brit. Mus. M.2876, which Lydekker states is the 

same skull as that figured by Falconer and Cautley in the “Fauna 

Antiqua Sivalensis,” Pl. xxxin, fig. 4. 

Fig. 12. 

Mastodon sivalensis,—The first right lower true molar ; from the Pliocene of the 
Siwalik Hills. 4 The lower border of the figure is the outer border of 
the specimen. 

REFERRED Mouar OF PENTALOPHODON SIVALENSIS OR OF P. FALCONERI 

Fig. 620. Referred tooth of ‘Mastodon’ sivalensis, regarded by 

Lydekker as an M;. After Lydekker (1886.2, p. 51, fig. 12). Brit. Mus. 

47888a. 

Observe that this tooth is not fully pentalophodont. It may be 

regarded as four and a half crested. Lydekker may therefore be right in 

regarding it as a first lower molar, My, because the second lower molars 

in this species typically exhibit five complete crests. 

‘Ideotype (Osborn) of Pentalophodon sivalensis (sce Tigs. 615 and 618 of present Memoir). 
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valleys are completely blocked, and a small amount of cement is 

present. In some examples of the ‘intermediate molars’ there are 

five ridges [Pentalophodon stage], while there may be six in the 

last true molar; the enamel of the milk-molars is vertically grooved 

but in the true molars it may be either grooved or smooth; and 

premolars have not been observed. The cheek-teeth are very like 
those of M. arvernensis; but the number of accessory tubercles is 

frequently more numerous, and trefoils are never formed on the 

columns, while the number of ridges is sometimes greater. The two 

species are, however, closely allied.’’ 

To this collective species ‘Mastodon’ [= Pentalophodon| 

sivalensis Lydekker referred twenty-four specimens in the British 

Museum (see pp. 47-52) from the Cautley Collection (1842), many of 

which were figured by Falconer and Cautley; also four specimens 

presented by Hugh and C. Falconer in 1867. The geologic refer- 

ence is: India (Siwalik Hills and Punjab), Pliocene of the Siwalik 

Hills. 
PHYLOGENETIC RELATIONSHIPS (OsBoRN, 1924, 1933).— 

Comparison of the type (Fig. 616) as well as of all the referred 

specimens of Pentalophodon sivalensis with the type specimens of 

the Middle Pliocene Synconolophus hasnoti and S. corrugatus demon- 

strates that P. sivalensis belongs to the phylum with smooth, 

simple cones, not closely compressed at their summits as in S. 

hasnoti, nor corrugated as in S. corrugatus; also with relatively 

small conules; consequently the type of P. sivalensis shares the 

simple characters of the type of Anancus arvernensis and of the 

more primitive species Anancus perimensis; it certainly does not 

belong to the Synconolophus phylum. 

Pentalophodon falconeri sp. nov. 

Figures 614, 619, 621 

Upper Pliocene, Tatrot? horizon. Probably from the Upper Siwaliks, 

1,000 feet above the Middle Pliocene Dhok Pathan, India. 

In Osborn’s opinion, Brit. Mus. M.2877 (probably also 

M.2876), referred by Falconer and Cautley to ‘Mastodon’ siva- 

Fig. 621. 

Ti’ 
ANANCUS ARVERNENSIS 2550mm.6'436" 

FRANCE 

ANANCUS PERIMENSIS 2150 mm. 726" e 
INDIA 

PENTALOPHODON SIVALENSIS 2450mm,8've"e 
INDIA 

lensis, is in no way related to that species, nor to Synconolophus in 

which the cranium is of entirely different form, but represents a 

new species of Pentalophodon, to which the name Pentalophodon 

falconeri is applied in honor of Hugh Falconer. 

Typre.—Portion of cranium with superior grinding teeth 

(Brit. Mus. M.2877). Horizon anp Locauiry.—(Falconer, 

1867.1, p. 44): “From the Sewalik Hills.’’ Probably from the 

Upper Siwaliks, Upper Pliocene, Tatrot? horizon, 1,000 feet above 

the Middle Pliocene Dhok Pathan, of the Middle Siwaliks, India. 

Typr Ficgure.—Falconer and Cautley, 1846 [1847, Pls. xxxm and 

XXxIU, figs. 1 and 2|—compare figure 614 of the present Memoir. 

Pentalophodon falconeri, sp. nov. Brit. Mus. M.2877 

Tatrot?, Upper Pliocene R.M* 

Ridge-crestei ve 5.8 ashes 5 plus “‘complicated heel 

series’ Fale. [=7}4] 

U2) 011] Ceca A RAO i cab ue cee 7.8 in. or 200 mm. 

Breadthi-scos'. ot shed an wales 3.3 or 84 

INGORE ica rate seoias 42 

CATISCORCHES Aunt cretion arate 27 est. 

Speciric CHARACTERS.—Osborn observes that the grinding 

teeth, M%, in this cranium are highly chcerodont, that the inter- 

mediate conelets are very large and ptychoid or folded, and that the 

relatively broad proportions of the teeth differ from the narrow 

proportions of the relatively low-crowned type molar of “Masto- 

don’ [Pentalophodon| sivalensis (Fig. 616). As shown in Falconer’s 

figures of the third superior grinders enlarged and in the diagram of 

the type (Fig. 614), the grinders consist of 7}s ridge-crests composed 

of closely compacted cones and conelets, in which the middle cone- 

lets appear to be the largest, while in the type of P. sivalensis (Fig. 

615, left) the middle conelets are relatively small. In the type of 

P. falconeri the estimated aristogenes are twenty-seven, whereas 

in the type and referred P. sivalensis there are only twenty-two 
aristogenes. In every way P. falconeri is very much more progres- 

sive than P. sivalensis and represents a much more advanced stage 

of evolution. 

TrreLe Paya oF THE EurAsIATIC BREVIROSTRINES 

SYNCONOLOPHUS DHOKPATHANENSIS 
INDIA 2642mm,8’6" e 

SYNCONOLOPHUS CORRUGATUS 2550MM,844s" e 
INDIA 

Typical Anancus arvernensis of Italy 

is Anancus perimensis of Perim Island - 

Anancus properimensis of India 

Typical Pentalophodon falconeri of India 

Pentalophodon sivalensis of India 
Typical Synconolophus dhokpathanensis of India 

Synconolophus corrugatus of India 
ANANCUS PROPERIMENSI!S 2000MM., 6634" e 

INDIA 
Synconolophus hasnoti of India SYNCONOLOPHUS HASNOT! 

INDIA 
2400MM., 710%" e 



3. THE MIOCENE AND MIDDLE PLIOCENE SYNCONOLOPHUS; CHARACTERS OF THE 

GENUS AND OF FOUR SPECIES 

Genus: SYNCONOLOPHUS Osborn, 1929 

Generic reference: Amer. Mus. Novitates, No. 393, December 24, 1929, pp. 9, 10 (Osborn, 1929.797). 

Genotypic species: Synconolophus dhokpathanensis Osborn from the Dhok Pathan horizon, Middle Siwaliks, India. See 
also Synconolophus propathanensis from the Dhok Pathan and S. ptychodus from the Lower Chinji horizon, Lower Siwaliks, 

India. 

Compare figures of Mastodon (Trilophodon) pandionis ref., Lydekker, 1880, Pl. xxxv, fig. 4=the type of ‘Tetrabelodon’ 

corrugatus Pilgrim, 1913; also Mastodon (Tetralophodon) sivalensis ref., Lydekker, 1880, Pl. xu1v, fig. 3=the type of ‘Mastodon’ 

hasnoti Pilgrim, 1913. The specimens shown in these figures appear to be referable to Synconolophus. 

GENERIC CHARACTERS.—Skull somewhat more elongate than in Anancus, Pentalophodon, or Stego- 
mastodon. Basicranium elongate, also palate. Postnarial opening far back of grinders (Synconolophus 
dhokpathanensis). Tusks large, upturned, without enamel. Intermediate molars, Dp 4—M 2, with tri- 
lophodont ridge formula and small rudimentary half ridge-crests, representing pro-protoloph and 
tetartoloph. Grinders with ridge-crests strongly arched or dislocated. Valleys blocked with warped, 
compacted conelets and conules, giving on wear a strongly chcerodont, ptychoid, crowded, compressed, 
enamel-bordered appearance, as implied in the generic name Synconolophus; no trefoils. Ridge formula: 
Dp4** M1“ M2*** M33. Mandibular rostrum broad, trough shaped, concave superiorly (S. 
propathanensis, Fig. 633); tusks reduced or absent; large, fleshy lower lip. 

History.—We do not recognize in Falconer’s plates (1845-1847) or descriptions grinding teeth referable to 

this peculiar genus Synconolophus; all the specimens he figures and describes appear to be referable to either 

Anancus or Pentalophodon. But in Lydekker’s Memoir of 1880, “Siwalik and Narbada Proboscidia,” we observe 

numerous examples of grinding teeth referable to Synconolophus, namely : 

Plate XXXIV, Mastodon (Trilophodon) pandionis Falc., figs. 1, 2, second and third right lower true molars, 

iPal bets «eo 2:0, 0 6 SiG WICid CERES LEB ORE Soe CON CRE te geo eR arene a te = Synconolophus (?) sp. 

Plate XX XV, Mastodon (Trilophodon) pandionis Falc., figs. 1-3; also fig. 4, third right lower true molar = type 

Hieaehemoronon. corrugaius Pilgrim, TOU. Sf. Sona See see nes = Synconolophus corrugatus. 

Plate XXXV A, Mastodon (Trilophodon) pandionis Fale., second and third left upper true molars, 1.M?* 

= Synconolophus (?) sp. 

Plate XXXVI, fig. 1, elongated symphysis, said to have been found with the type r.M; of ‘Tetrabelodon’ 

corrugatus Pilgrim, 1913 (see Lydekker, op. cit., Pl. xxxv, fig. 4). Possibly erroneous association. 

Plate XLI, Mastodon (Tetralophodon) sivalens’s and M. (T.) perimensis F. & C., figs. 2, 4 

=Synconolophus (?) sp. 

Plate XLIV, Mastodon (Tetralophodon) sivalensis F. & C., fig. 2, anr.Dp3; fig. 3, third right lower true molar, 

r.M;, from a nearly complete jaw =type of ‘Mastodon’ hasnoti Pilgrim, 1913. =Synconolophus hasnott. 

654 
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Referred TmMmg 
Synconolophus dhokpathanensis Osborn /925 

Type r.mz 
Tetrabelodon corrugatus Pilgrim /H/3 

external face 

lype rz 
Mastodon fasnoti Pilgrim 19/3 

Fig. 622. Comparison of third right inferior type and referred molars of 
Synconolophus, about one-half natural size. Observe alternation and disloca- 

tion. Compare fig. 581, p. 613. 

(Upper) Referred right third inferior molar, r.M3, of Synconolophus 

dhokpathanensis (compare Fig. 632). Amer. Mus. 19485c. 
(Middle) Type right third inferior molar, r.Mg, of ‘Tetrabelodon’ corrugatus 

Pilgrim, 1913, after Lydekker, 1880, Pl. xxxv, fig. 4 (compare Fig. 626). 

(Lower) Type right third inferior molar, r.M3, of ‘Mastodon’ hasnoti 
Pilgrim, 1913, after Lydekker, 1880, Pl. xxrv, fig. 3 (compare Fig. 627). 

Observe (1) protolophid, (2) metalophid, (3) tritolophid, (4) tetartolo- 

phid, (5) pentalophid, and (5) hexalophid rudiment; also lateral compression 

of ridge-crests and alternation of internal and external cones, internal cones 

(1-5) warped anteriorly, external cones (le-5e) warped posteriorly; the lateral 
compression of the cones of each transverse ridge-crest (3-3e) is forwardly 
arched, the middle cones being crowded anteriorly (dotted lines). There can 
be no doubt as to the generic relationship of these three forms, but we cannot 
determine positively the specific relationship until the original specimens, or 
casts, are placed side by side. See also irregular median conules or trefoils. 

SYNCONOLOPHUS 655 

Speciric Reviston.— According to the above 
review of Lydekker’s determinations he erroneously 
referred all these complex, ptychoid grinding teeth of 
Synconolophus to species treated in this Memoir as 
Pentalophodon  sivalensis, Anancus perimensis, and 
Trilophodon pandionis, the latter a species from the 
Larkana District of Sind, originally described by Fal- 
coner, to which subsequently Lydekker erroneously re- 

ferred many teeth now found to be referable to Syn- 
conolophus ?sp. The type specimen of ‘Mastodon’ 
[=Trilophodon| pandionis was compared by Lydekker 
(1886.2, pp. 37, 38) with the milk dentition of Mastodon 

pentelicus (compare this Memoir, pp. 261 to 266). 

Pilgrim rightly removed two of these specimens, 
renaming them ‘Tetrabelodon’ corrugatus and ‘Mastodon’ 

hasnoti. With the aid of Barnum Brown’s discovery of 

a cranium (Fig. 630), Osborn rightly groups all these spe- 

cies under the genus Synconolophus; their close affinity 

is revealed in the structure of the third inferior molar 

teeth, as shown in the accompanying figure 622. 

DISCOVERY OF THE SYNCONOLOPHUS CRANIUM 

The discovery by Barnum Brown in 1922 of a skull 

(Figs. 629, 630) of the hitherto unrecognized Syncono- 

lophus, a generic phylum extending from the Lower 

Chinji into the Dhok Pathan horizon, is one of the 

most interesting and important additions which this 

great explorer has made to the history of palzontology. 

The present author first examined the giant Dhok 

Pathan cranium (Amer. Mus. 19673—Figs. 629, 630) 

and was much puzzled especially by the curious strue- 

ture of the superior molar teeth (Fig. 630 Al), broad, 

short, with the internal cones displaced and apparently 

only four ridge-crests. The three-ridged second molar, 

M?’, suggested comparison with Trilophodon, but the 

broad four-ridged third molar, M*, differed from that 

of Trilophodon and also from that of Tetralophodon 

punjabiensis (Fig. 324) which occurs in the same geo- 

logic horizon. It was not until perfect superior molars 

of Synconolophus were found, such as the paratype third right superior molar (Amer. Mus. 19720—Fig. 

631) and from the same horizon a pair of referred superior and inferior molars (Amer. Mus. 19485a-d—Fig. 

632) that the structural and phyletic key to this very aberrant genus could be determined. 
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It becomes clear that the warping or dislocation of the cones and crests in the superior and inferior molars is 

much more extreme than in Anancus (Fig. 596) or in Stegomastodon (Fig. 643), also that the multiplication of 

separate intermediate conelets, originally springing from the trefoils, is quite distinct from the regular single 

or double trefoils of Stegomastodon. In the paratype superior molar of Synconolophus dhokpathanensis (Amer. Mus. 

19720) from 41 to 44 of these cones and conelets may be counted. Consequently the whole surface of the crown 

(Figs. 623, 631, 632) becomes crowded with a labyrinthine pattern of cones, conelets, and more or less separate 

intermediate conelets, with warped or dislocated ridge-crests in apparent disorder, giving the appearance best 

s PTYCHODUS S. DHOKPATHANENSIS S. DHOKPATHANENSIS 

AIM 19595 ref A.M 19485 a ref A./7 19720 Paratype 
Dee Ss 1m? (characters from rmiren) r:m lrev.) - 

SYNCONOLOPHUS PIYCHODUS ns \, 

A.M. 19442 Type 

\  exzerzal ylew 
gy ratural seze 

| 
| 
I 
| 

\ 1 I 1 Js 1 t aff rf | 
et Trit Tet. Pent pro-prot Prot Met. Trit. Tet. Pent. 

\ \ ! } rg t ous H 

aS 

internal side 

Fig. 623. SyncoNoLopHus prycHopus (Lower CHINJI) AND S. DHOKPATHANENSIS (DHOK PaTHAN) 

All figures one-fourth natural size 

Lower CHINJI HORIZON, 800 feet above base of Lower Siwaliks, India. 

Synconolophus ptychodus Osborn, type (Amer. Mus. 19442). Fragment of juvenile left maxilla containing l.Dp‘, 1.M'. Compare figure 624, crown 

view of same type molar, 1.M!. 

Lower CHINJ1I HORIZON, 2,000 feet above base of Lower Siwaliks, India. 

Synconolophus ptychodus ref. (Amer. Mus. 19595). A second superior molar of the left side, 1.M?. Compare figure 625 for crown view of same 
referred molar, 1.M”. 

Duok PaTHAN HORIZON, 500 feet below top of Middle Siwaliks, India. 

Synconolophus dhokpathanensis ref. (Amer. Mus. 19485d). Composite drawing of third superior molar, 1.M*. (Upper) external aspect; 

(lower) crown aspect, exhibiting the pro-protoloph (pro-prot.), the proto-, meta-, trito-, tetarto-, and pentalophs. 

Synconolophus dhokpathanensis paratype (Amer. Mus. 19720). Reversed drawing of unworn third right superior molar, r.M*. (Upper) 

external aspect; (lower) crown aspect. Compare figure 631 for crown view of same grinding tooth. 

expressed in the Greek generic term Synconolophus. The specific name dhokpathanensis refers to the great Dhok 

Pathan horizon of the Middle Pliocene, Middle Siwaliks, which is regarded as subsequent to the geologic age of 

Pikermi and Eppelsheim. 

PROGRESSIVE STaAGE.—The giant Synconolophus dhokpathanensis of Middle Pliocene age is a very progressive 

species which possibly represents the end of this generic phylum; it is represented in the American Museum col- 

lection by a complete type cranium (Figs. 629, 630), by a paratype (Figs. 623, 631), and by referred specimens 

(Fig. 632) which display the characters of the grinding teeth, also by fragmentary remains of other grinders, all of 

which show the same extreme characters and are totally unlike any other mastodont teeth hitherto discovered. 
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PRIMITIVE StTaGE.—The much smaller Synconolophus plychodus Osborn is of Mio-Pliocene age. Fortu- 

nately in the much older Lower Chinji horizon, extending from the low level of 400 feet above the base of the 

Lower Siwaliks, near Chinji Bungalow, to 2,000 feet above the base, was found a series of progressive stages or 

ascending mutations in the specific stage Synconolophus ptychodus, of much smaller, more primitive, and simpler 

character. The specific name ptychodus refers to the grooving (Fig. 623) on the sides of the type (Amer. Mus. 

19442) and referred (Amer. Mus. 19595) grinding teeth. In the grinders, of which the fourth milk premolar, |.Dp*, 

and the first and second superior molars, 1.M!', 1.M?, are best preserved, the internal and external pairs of cones and 

conelets are seen to be opposite instead of alternate, the crests are nearly transverse instead of warped or dis- 

located; the contrast is very clearly shown in an examination of the contiguous crown of S. plychodus (left) 

and of S. dhokpathanensis (right) in figure 623. 

Synconolophus ptychodus Osborn, 1929 

Figures 623-625 

Lower Chinji horizon, 800 feet above the base of the Lower Siwaliks, 4 

miles west of Chinji Bungalow, India. Mio-Pliocene. 

TyprE AND REFERRED MATERIALS.—The geologic level records 

of the type and four referred specimens are as follows, beginning 

with the lower 400 foot level and rising to the 2,000 foot level and 

even to 1,000 feet below the Bhandar bone bed: 

Lower Mippie PLIocENE 

Lower Middle Siwaliks 

1,000 feet below 

Bhandar bone bed, 

5 m. west of Hasnot 

Mio0-PLIocENE 
Lower Chinji horizon 

2,000 feet above base 

of Lower Siwaliks, 3 

m. west of Chinji 

Bungalow 

Lower Chinji horizon 

800 feet above base 
of Lower Siwaliks, 4 

Amer. Mus. 19533 ref. Posterior 

half of 1.M; with tetarto- and penta- 

lophids, hexalophid rudimentary. 

ss Fig. 624. Synconolophus ptychodus Osborn, type (Amer. Mus. 19442 
Amer. Mus. 19595 ref. Left second S lai ibid sac aia sabe hte z 

superior molar, 1.M®. Figure 623 

shows lateral and crown aspects. 

Crown view of first superior molar of the left side, |,.M'‘, reproduced natural 

size. Compare figure 623 for type maxilla. 

Amer. Mus. 19442 type. Frag- 

ment of left maxilla with 1. Dp‘, 1.M'. 

The type figure (Fig. 623) displays 

m. west of Chinji 

Bungalow 
Lower Chinji horizon 

400 feet above base 

of Lower Siwaliks, 4 

m. northeast of 

Chinji Bungalow 
Lower Chinji horizon 

400 feet above base 

of Lower Siwaliks, 

2 m. west of Chinji 

lateral and crown aspects of |.Dp* 

and |.M!. 
Amer. Mus. 19638a ref. 

inferior molar, 1.M:. 

Left first 

Amer. Mus. 19638b ref. Right 

first inferior molar, r.M,. 

Amer. Mus. 19628 ref. Posterior 

half of 1.Ms, with trito-, tetarto-, 

and pentalophids, hexalophid rudi- 

ment lacking. 

Bungalow 

Sprciric CHARACTERS.—(F is. 623, 624).—Three ridge-crests 

of the first superior molar, 1.M', with strong cingulate pro-protoloph 

and half rudiment of tetartoloph; internal and external cones 

ptychoid on outer faces and on inner worn surfaces; internal 

cones slightly anterior to external cones, not directly opposite ; 

median anterior and posterior trefoil conelets on either side of 

internal cones, less prominent trefoil conelets on either side of 

external cones, summits of transverse crests divided into four to 

five separate conelets. 

Referred Synconolophus ptychodus (Amer. Mus. 19595). A 

second superior molar of the left side, 1.M®, reduced to four-fifths natural size. 
Fig. 625. 

Compare figure 623. 

The juvenile dentition of Synconolophus ptychodus and S. 

dhokpathanensis, including |.Dp‘, is described and figured in detail 

above (Fig. 623), showing that these molars are highly choerodont, 

that is, covered with closely compacted cones, conules, and conelets. 

REFERRED Mutations.—These type molars of the Lower 

Chinji horizon, 800 feet above the base of the Lower Siwaliks, 

display in larger size and to an exaggerated degree the characters 

observed in the more primitive Synconolophus ptychodus ref. 

(Amer. Mus. 19638a, 1.M,, and Amer. Mus. 19638b, r.M,) found 
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400 feet above the base of the Lower Siwaliks, also of the Lower 

Chinji horizon. 

Of larger size is the Synconolophus ptychodus ref., a second 

superior molar, 1.M? (Amer. Mus. 19595—Figs. 623, 625); in this 

grinder (ap. 121 mm., tr. 68 mm., height of metaloph 52 mm.) the 

specific characters of S. ptychodus are still more pronounced, namely, 

strong pro-protoloph, more prominent rudimentary tetartoloph, 

proto-, meta-, and tritolophs strongly ptychoid on outer faces, 

with strong internal trefoil conelets and low external trefoil conelets; 

these internal and external trefoil conelets are ancestral to the five 

trefoil conelets compressed between the transverse crests of 

Synconolophus dhokpathanensis ref. (Amer. Mus. 19485d—Fig. 

623), also in the paratype (Amer. Mus. 19720—Fig. 623). Con- 

sequently the S. ptychodus superior and inferior molar crowns are 

ancestral to the S. dhokpathanensis superior and inferior molar 

crowns; they are much more primitive and simple, because they 

do not exhibit the marked warping or dislocation of the transverse 

crests which characterize the larger and more recent species S. dhok- 

pathanensis. 

GENERAL CHARACTERS.—(1) Synconolophus ptychodus is 

smaller, more primitive, with more transversely placed cones and 

fewer intermediate trefoil conelets in the valleys than in its highly 
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type of ‘Tetrabelodon’ corrugatus Pilgrim is generically related to 

the type of ‘Mastodon’ hasnoti Pilgrim and to the type of Syn- 

conolophus dhokpathanensis Osborn. Pending further close com- 

parison and research, the uncertainty as to the structure of the 

lower jaw (Fig. 626) and apparent differences in the third inferior 

grinders (Fig. 622) appear to separate these three types specifi- 

cally. The following successive observations (1-4) during the 

preparation of this Memoir were made by the present author. 

Hisrory.—(1) A comparison of the types of Tetrabelodon 

corrugatus Pilgrim, 1913, and Mastodon hasnoti Pilgrim, 1913, 

shows that these molars are wholly unlike the type of Mastodon 

brevirostris Gervais and de Serres, 1846 (Fig. 597); 7’. corrugatus 

and M. hasnoti bear more resemblance to the grinding teeth of 

Stegomastodon (Fig. 645) and of Synconolophus (Fig. 632). (2) 

The type grinding tooth (Fig. 626) to which Pilgrim applied the 

name ‘Tetrabelodon’ corrugatus is from the same Dhok Pathan 

horizon as the type of ‘Mastodon’ hasnoti, described in the same 

paper immediately thereafter. It belongs to the Brevirostrines, 

either to the phylum Synconolophus or to the phylum Anancus, 

as is evident from the extreme alternation of the cones and the 

obliquity of the ridge-crests; ridge-crest formula M 3 =. (3) 

The corrugation of the type cones and ridges resembles that of the 

Type AND REFERRED SYNCONOLOPHUS PTYCHODUS COMPARATIVE M&ASUREMENTS IN MILLIMETERS 

Dp 4 

Superior Molars ap. tr. I. ap. 

Amer. Mus. 19442 type, left 12 44 61 93 

Amer. Mus. 19595 ref., left 

Inferior Molars 

Amer. Mus. 19628 _ ref., left 

Amer. Mus. 19533 ref., left 

Amer. Mus. 19638a, ref., left 78 

Amer. Mus. 19638b, ref., right 73 

specialized successor S. dhokpathanensis; (2) included for the 

present within this single species are three ascending mutations, 

namely, two very small and simple molars (Amer. Mus. 19638a, 

b), from 400 feet above the base of the Lower Siwaliks, the larger 

and more complex type molars (Amer. Mus. 19442) from 800 

feet above the base of the Lower Siwaliks, and finally the still 

more progressive molar, an ].M? (Amer. Mus. 19595), from 2,000 

feet above the base of the Lower Siwaliks, all from the Lower 

Chinji level of Pilgrim. (3) Referable to this smaller stage, but also 

recorded as having been found 400 feet above the base of the Lower 

Siwaliks, is an 1.M; (Amer. Mus. 19628). From a still higher level 

than the Lower Chinji horizon, 1,000 feet below the Bhandar bone 

bed, is another 1.M; (Amer. Mus. 19533). 

Synconolophus corrugatus Pilgrim, 1913 

Figures 581, 598, 621, 622, and 626 

From Hasnot, India, Dhok Pathan horizon, Middle Pliocene, post- 

Pikermi age. 
Compare Mastodon (Trilophodon) pandionis ref., Lydekker, 1880, Pl. 

XXkV, fig. 4. 

As shown in the diagrammatic comparison (Fig. 622), the 

M 1 M 2 M3 _ Height 

tr. I. ap. tr. I. tr. Metaloph 

59 63 
121 68 56 52 

Tetartolophid 
74 49 
68 46 

44e 56e 

37 51 

’ outer surface of the upper milk teeth (Fig. 587) of ‘Mastodon 

[=Anancus] arvernensis [=falconeri| from the Norwich Crag, also 

of the milk teeth (Fig. 596) of the ‘M.’ [=Anancus] arvernensis 

type. It will be observed, however, that the grooves of the enamel 

ridges are becoming deeply infolded or ptychoid and that the crown 

begins to suggest the labyrinthine foldings of the Stegomastodon 

molar. (4) This 5% crested grinding tooth of Synconolophus cor- 

rugatus should also be compared with the 4+crested paratype 

grinding tooth of S. dhokpathanensis (Fig. 631) and of the referred 

S. ptychodus (Fig. 623). 
Tetrabelodon corrugatus Pilgrim, 1913. ‘‘The Correlation of 

the Siwaliks with Mammal Horizons of Europe.” Rec. Geol. 

Surv. India, Vol. XLIII, Pt. 4, p. 293. Typr.—(Lydekker, 

1880, Pl. xxxv, fig. 4): ‘The third right lower true molar: from 

the Punjab.”’ (Lydekker, 1885, p. 100): Ind. Mus. “A.98. Sym- 

physis and part of the right ramus of the mandible; from Asnot. 

The last true molar is in situ and is figured [as Mastodon ( Trilophodon) 

pandionis] in the ‘Pal. Ind.’ op. cit. [1880] vol. i., pl. xxxv., fig. 4; 

the symphysis (which is tuskless) being figured in pl. xxxvi., fig. 1. 

Collected by Mr. Theobald.” Horizon anp Locauiry.—Has- 

not, India, Dhok Pathan horizon, Middle Pliocene. TYPE 
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Ficure.—Figured by Lydekker (1880, Pl. xxxv, fig. 4) as 
“Mastodon (Trilophodon) pandionis.”” See also Lydekker, 1880, 
Pl. xxxv1, fig. 1. 

LYDEKKER (1880), PivGrim (1913).—The type specimens 
refigured below were originally referred by Lydekker (1880, Pl. 
XXXVI, fig. 1, and Pl. xxxv, fig. 4) to Mastodon pandionis; they 
were selected for type description by Pilgrim (1913, pp. 292, 293) 
as follows: 

Type Description (PiuGrm™, 1913, pr. 292, 293).—In his 
original description of this species [i.e., ‘Tetrabelodon’ corrugatus], 
Pilgrim (1913, p. 292) observed: “In the Dhok Pathan zone its 
existence is clearly proved by the beautiful specimen of a 

mandible from Hasnot, which R. Lydekker figured [erroneously] 

with its extended symphysis under the name of Mastodon pandionis. 

That the specimen |i.e., the type of 7. corrugatus] is of 
very much greater age than anything in the Middle Siwaliks is 

indicated by its strong resemblance, though in a more advanced 

stage of development to specimens obtained from the upper aqui- 
tanian of the Bugti Hills by C. Forster Cooper. Further, the first 

widely differing from that in Anancus 

Ridge-crest formula, M 3 <q, similar to that of 
primitive species of Stegomastodon. 

dentition of Anancus; 
arvernensis. 

Two or three of the internal 

cones and conelets slope obliquely backwards, intermediate conelets 

behind tritolophid. 

From the above definition and from a comparison of the type 

of ‘Tetrabelodon’ corrugatus with the type of Synconolophus dhok- 

pathanensis, it appears certain that this Indian species belongs to the 

Synconolophus phylum. 

Synconolophus hasnoti Pilgrim, 1913 

Figures 581, 621, 622, 627, and 628 

From near Bhimbar, northwest of Jammu, India, Dhok Pathan horizon, 

Middle Pliocene, post-Pikermi age. 

The type of Synconolophus hasnoti (Figs. 622, 627) is readily 

interpreted by means of a comparison with the type of S. corrugatus 

(Figs. 622, 626) and with a referred specimen of S. dhokpathanensis 

INFERIOR GRINDER OF SYNCONOLOPHUS CoRRUGATUS Typr, Hasnot, Daok PatHan Horizon, Mippite PLiocene 

Fig. 626. Type corrugated grinding tooth of Tetrabelodon corrugatus Pilgrim, 1913, described as follows by Lydekker (1885, 
p. 100): Ind. Mus. ‘A.98. Symphysis and part of the right ramus of the mandible; from Asnot. The last true molar [r.Mg] 

is in situ and is figured [as Mastodon (Trilophodon) pandionis] in the ‘Pal. Ind.’ op. cit. [1880] vol. i., pl. xxxv., fig. 4; the symphysis 
(which is tuskless) being figured in pl. xxxvi., fig. 1. Collected by Mr. Theobald.” The type grinder (right) is figured one-third 
natural size (206 mm. =8.1 in. X91 mm. =3.6 in); the symphysis one-sixth natural size. 

The fractured longirostrine symphysis (left) is not of the brevirostrine form which we should expect to find with the cranium 

of Synconolophus (Figs. 629, 630); this may be a case of erroneous field association; see, however, trough-shaped symphysis of 
Synconolophus propathanensis (Fig. 633), of Anancus perimensis (Fig. 610). 

and second molars of the Dhok Pathan species differ in structure 

from the type of T. pandionis. It is necessary, therefore, that a 

new name should be given to the Dhok Pathan species and as the 

wrinkling of the enamel is a very striking feature I propose for it the 

name of Tetrabelodon corrugatus. This is a trilophodont mastodon, 
like Tetrabelodon pentelici.”’ 

Osborn, 1924: It appears doubtful whether the elongated 

longirostrine symphysis really belongs with this type breviros- 

trine grinding tooth, although Lydekker and Pilgrim associate 

the long, narrow symphysis (Fig. 626, left) and the right grinding 

tooth (Fig. 626, right). Lydekker referred these two specimens to 

Mastodon (i.e., Trilophodon) pandionis. Pilgrim confirmed Lydek- 

ker’s reference by stating: ‘‘This is a trilophodont mastodon, like 

Tetrabelodon pentelici.”” The type molar tooth is five and a half 

crested with closely compacted cones and conelets. Eliminating 

the elongated symphysis, the specific characters displayed in the 

grinding teeth are as follows. 
Speciric CHaracrers.—Ridge-crests in third inferior molar, 

M 3 gy; enamel of cones and conelets deeply corrugated and 

plicated both on inner and outer surfaces; cones and conelets closely 

compressed so as to produce a ‘choerodont’ grinding surface re- 

sembling that in Stegomastodon mirificus also that in the milk 

(Figs. 622, 632); each of the five transverse crests consists of large 

internal and external conelets with smaller intermediate conelets 

pressed forwards; apparently there are supplementary inter- 

mediate conelets on the proto- and metalophids; in all 24 conelets 
may be counted on this crown. 

Histrory.—This species was termed in 1880 Mastodon (Tetra- 

lophodon) sivalensis by Lydekker (1880, Pl. xtrv) and in 1913 was 

distinguished by Pilgrim as ‘‘tetralophodont,’’ with four crested 

intermediate molars, and regarded by him as a direct ancestor of 

‘Mastodon’ arvernensis of the Upper Pliocene. Pilgrim described 

Mastodon hasnoti immediately after his description of Tetrabelodon 

corrugatus, under the impression that it belonged to a distinct 
genus. 

GroLoaic AGr.—Pilgrim placed his type of Mastodon hasnoti 

in the Middle Pliocene Dhok Pathan horizon (see Geologie Tables 

of 1935—Figs. 413, 414 of the present Memoir), but there may be 

some mistake in the record, because Lydekker originally described 

the same type specimen as from the Punjab and later as from near 

Bhimbar, northwest of Jammu. 

Mastodon hasnoti Pilgrim, 1913. ‘‘The Correlation of the 

Siwaliks with Mammal Horizons of Europe.” Ree. Geol. Surv. 

India, XLIII, Pt. 4, p. 293. Typr.—(Lydekker, 1880, Pl. 
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XLIv, fig. 3): ‘Third right lower true molar: from a nearly com- 

plete palate [mandible], collected in the Punjab.” (Lydekker, 

1885, p. 93): Ind. Mus. “A.104. Symphysial portion of the 

mandible, containing the third true molar of either side; from near 

Bhimbar (N. W. of Jamu). The tooth of the right side is figured 

{Footnote: ‘In the description of the plate the word palate is given 

in place of mandible.’| in the ‘Pal. Ind.’ ser. 10, vol. i., pl. xliv., 

fig. 3; it is very like a specimen figured in the ‘F. A.S.’ pl. xxxvii., 

fig. 7, but the ridges are one less in number, and the alternate 

arrangement of the columns is not so strongly marked; the enamel 

is quite smooth. The left side of the specimen is crushed in, and 

SyNCONOLOPHUS HASNOTI TyPE, MippLE PLIOCENE 

Tig. 627. Type figure of Mastodon hasnoti Pilgrim, 1913. After 

Lydekker, 1880, Pl. xnrv, fig. 3: ‘‘ Mastodon (Tetralophodon) sivalensis. 

. . . Third right lower true molar: from a nearly complete palate [man- 

dible], collected in the Punjab.” The species M. hasnoti Pilgrim takes its 

name from Hasnot, Salt Range, Dhok Pathan horizon, India. One-half 

natural size. Ind. Mus. A.104. 

the tooth bent inwards. Collected by Mr. Theobald.” Horizon 

AND Locauity.—From near Bhimbar (northwest of Jammu), 

India, Dhok Pathan horizon, Middle Pliocene. Typr FigurE.— 

Figured by Lydekker (1880, Pl. xuiv, fig. 3) as ‘‘ Mastodon 

(Tetralophodon) sivalensis.” 

Tyre Descrietion.—(Cf. Pilgrim, 1913, p. 293): Side by side 

in the Dhok Pathan zone with Tetrabelodon punjabiensis (cf. T. 

pentelici of Pikermi, 7’. longirostris, and T. corrugatus) occurs the 

EP” 

sinuses 
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type of M. hasnoti which Pilgrim (1913, p. 293) compares with 

‘M.’ arvernensis of the lignites of Casino. “This is the species 

[specimen], which Lydekker has figured in Pal. Ind., ser. 10, 

Vol. I., Plate 44, under the name of Mastodon sivalensis. As 

Lydekker himself has pointed out, the Middle Siwalik species 
differs from Falconer’s M. sivalensis of the Upper Siwaliks (1) by 

being tetralophodont instead of pentalophodont, (2) by having the 

alternation of the columns very slightly marked. I therefore 

propose that the Middle Siwalik species be known as Mastodon 
hasnoti.”’ 

Osborn, 1924: Comparison of this type third lower molar of 

the right side, r.M;, with corresponding teeth of the type of Anan- 

cus arvernensis or of its synonym A. brevirostris in France, does not 

sustain Pilgrim’s observation that this species is a direct ancestor 

of ‘Mastodon’ arvernensis, although it is an undoubted Brevi- 

rostrine. The alternation of the inner and outer cones is well 

marked and there are four conelets on each of the obliquely placed 

transverse ridge-crests, clearly seen in the tritolophid and the 

tetartolophid; the cones and conelets are closely compressed, giving 
the crown a chcerodont grinding character, much more labyrin- 

thine in pattern than that of Anancus arvernensis; in all we 

may count twenty-four cones and conelets on this complicated 
surface, showing that this tooth was entirely given over to grinding 

action. It was figured natural size by Lydekker, and measures 

ap. 185 mm. by tr. 77 mm., with an index of 42. 

PHYLOGENETIC RELATIONSHIPS (OsBoRN, 1928).—While this 

type molar of Synconolophus hasnoti has the same ridge-crest 

formula, namely, M 3 =q, as the type of ‘Tetrabelodon’ corrugatus, 

the corrugation of the cones and conelets is much less pronounced; 

the tooth is also relatively longer and narrower than the type of 
‘T.’ corrugatus. The alternation of the internal and external cones 

thoroughly sustains Pilgrim’s reference of this species to relation- 
ship with ‘Mastodon’ arvernensis. It is not, however, ancestral to 

‘M.’ arvernensis, because the cones and conelets are too closely 

compressed and crowded; it agrees in these characters with ‘ Tetra- 

belodon’ [=Synconolophus] corrugatus and may be regarded as a 

primitive stage or ascending mutation leading up to Synconolophus 
corrugatus and S. dhokpathanensis. 

SYNCONOLOPHUS HASNOTI Fe 

Amer: Mus. 19462 

4, nat. size 

Simuses 

Fig. 628. Juvenile cranium of Synconolophus hasnoti (Amer. Mus. 19462), recorded by Barnum Brown as discovered about 500 feet below top of 
Middle Siwaliks, one-half mile east of Dhok Pathan, India. One-sixth natural size. 
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A synopsis of differences (Figs. 622, 631) appears to be as follows: 

Synconolophus hasnoti type 

Meas. of M;: ap. 185, tr. 77, I. 42. 
Cones simple, not corrugated. 
Single intermediate conelet on proto- 

and metalophids only. Total inferior 
conelets 24. 
Warping of transverse ridge-crests 

relatively slight. 
Ridge formula: M 3 gy. 

Synconolophus corrugatus type 

Meas. of M3: ap. 206, tr. 91, I. 44. 
Cones and conelets grooved ex- 

ternally. 
Intermediate conelets behind trito- 

lophid. Total inferior conelets 24+. 
Warping or alternation of opposite 

cones relatively slight. 
Ridge formula: M 3 5%. 

Synconolophus dhokpathanensis paratype 

Meas. of M?: ap. 200, tr. 106, I. 53. 
Cones deeply grooved. Enamel 

ptychoid. 
Single intermediate conelet on meta- 

loph. Cement strongly developed. 
Total superior conelets 41-44. 

Ridge formula: M 3 4+. 

Fig. 629. 

(Amer. Mus. 19673), discovered in the Dhok Pathan horizon, 500 feet below 

Type cranium of Synconolophus dhokpathanensis Osborn 

the top of the Middle Siwaliks. One-eighth natural size. 
Observe especially (1) in the partly restored molar crowns, M®, M®, the 

strong backward warping or dislocation of the internal cones and conelets, 
whereas the external cones and conelets are in normal position; (2) the pos- 

terior position of the internal narial opening, far behind the posterior border 

of the superior grinders; (3) observe also the ridge-crest formula, namely, 
M2 3% M3 4-4-!§. For the true characters and proportions of the grinding 

teeth, compare figures 623, 631, and 632. For the structure and proportions 

of the cranium as a whole, compare figure 630. For the contrast which this 

palate affords with Tetralophodon punjabiensis, compare figures 305, 306. 

Synconolophus dhokpathanensis Osborn, 1929 

Figs. 583, 621-623, 629-632 

Type skull discovered by Barnum Brown three miles west of Dhok 

Pathan, 500 feet below the top of the Middle Siwaliks, Middle Pliocene, on the 

same level as the Hipparion punjabiense (?) ref. quarry, also on the same level 
as the cranium of T'etralophodon punjabiensis (Amer. Mus. 19686). 

Compare Tetrabelodon corrugatus and Mastodon hasnoti Pilgrim, 1913. 

This species should first be compared (Fig. 622) with the types 

of other Brevirostrines from the same Dhok Pathan horizon, 

namely, ‘Tetrabelodon’ corrugatus Pilgrim, 1913 (Fig. 626) and 

‘ Mastodon’ hasnoti Pilgrim, 1913 (Fig. 627), which present strong 

generic if not specific resemblance in the structure of the third 

inferior molar teeth to Synconolophus dhokpathanensis. 

ap. tr. I. 

Type r.M; of ‘7.’ corrugatus Pilg. 206 91 44 

Type r.M; of ‘M.’ hasnoti Pilg. 185 77 42 

Ref. r.M; of S. dhokpathanensis Osb. 202e 86e 43e 

According to the comparisons herewith, Synconolophus dhok- 

pathanensis is the most progressive species of the Dhok Pathan 

horizon, succeeding the two somewhat simpler stages S. corrugatus 

and S. hasnoti. In case further material should demonstrate 

specific resemblance, S. dhokpathanensis might become a synonym 

of S. corrugatus. 

Synconolophus dhokpathanensis Osborn, 1929.—Amer. Mus. 
Novitates, No. 393, 1929, p. 10. Typr.—Cranium with por- 

tions of right and left superior tusks, and M7’, M®, of both sides 

in situ.”’ Typr AND ParaTyPE FigurEs.—Op. cit., 1929.797, 

figs. 10, 11. 

DESCRIPTION OF TyPE CRANIUM (Fics. 629, 630).—The fully 

adult cranium (Amer. Mus. 19673, Field No. 40) was discovered by 

Barnum Brown 500 feet below the top of the Middle Siwaliks, 

on the same geologic level as the specifically distinct cranium 

known as Tetralophodon punjabiensis (Amer. Mus. 19686). 

Unlike Anancus arvernensis the superior tusks curve sharply 

upwards and outwards, thus agreeing closely in form and curvature 

with the superior tusks of Stegomastodon of Nebraska and Texas, 

a very marked generic distinction from Anancus. The right tusk is 

abnormally curved upwards and backwards. 

Unfortunately the aged grinding teeth of the type are badly 

damaged, so that it is difficult to determine the ridge formula with 

precision. As shown in the type figure (Fig. 630 Al), the ridge 

formula is apparently as follows: r.M 2 **, r.M8 we 

A generic distinction of Synconolophus from Tetralophodon is 

the relatively elongated palate and backwardly placed posterior 

nares: in this character S. dhokpathanensis (Fig. 630 Al) agrees 

closely with Stegomastodon texanus (Fig. 639 A1). Consequently 

this cranium establishes an important new fact, namely, the 

presence of the distinet Synconolophus phylum of the Brevirostri- 

ne in India, contemporaneous with the Tetralophodon phylum. 



SYNCONOLOPHUS DHOKPATHANENSIS 

Amer: /4us. (9673 Type 

me Taz, Sze 

a- pocket in Tone 

&- posterior end of rool of 7:2 (rev) 

SYNCONOLOPHUS DHOKPATHANENSIS 

Amer. (us. 19673 Type 

7e Teal: suze 

Fig. 630. Type cranium and superior dentition of Syncono- 
lophus dhokpathanensis Osborn (Amer. Mus. 19673), one-four- 
teenth natural size. 

A, Left lateral view of cranium and partly restored incisive 
tusks, exhibiting the relatively elongated facial or preorbital 
region. S 

Al, Palatal view of type cranium, giving a key to the crown A 
structure and ridge-crests of the molar teeth, also the posterior 
position of the nares (cf. Fig. 629). 

A2, Cranium and tusks seen from above, showing the Tl y 
relatively elongated facial or preorbital region. Dyin {\y ( 

A3, Occipital aspect, showing the relatively high and broad ] —/ : 
occiput. ne & 4 

A4, Detail of second and third superior molars of the left \ q 
side, 1.M*, 1.M%, showing the insertion of the posterior fangs (b) 
and alternation of the external and internal cones. 
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PRINCIPAL M&®ASUREMENTS OF CRANIUM IN 

(Figs. 629, 630) 
MILLIMETERS but the fluting on the outer surfaces of the cones is not so marked as 

et 4 in the large, highly fluted paratype, r.M* (Amer. Mus. 19720). 
Total zygomatic width 720 
Condyle to extremity of alveolus 1080 
Breadth-length index 67 

Paratype THirD Ricur Superior Moar oF SYNCONOLOPHUS 

DHOKPATHANENSIS (Fics. 623, 631) 

Height of occiput above condyles 850 Superior R.M*.—Paratype crown (Amer. Mus. 19720), 
Width of occiput 740 damaged and restored on sides with plaster. Pro-protoloph, tr. 
Posterior nares behind third molar, 65 mm.; six plus irregular conelets lessening in size externally, 

horizontal 150 large ptychoid internal conelet. Protoloph, tr. 100 mm.; four main 
oblique 250 conelets transversely arranged, three posterior conelets. Metaloph, 

Length of left tusk on outer curve 

Length of right tusk on outer curve 
2311 =7 ft. 7 in. 

1945=6 ft. 4% in. 
tr. 100+mm.; obliquely warped internal pair of ptychoid cone- 

lets, external pair transverse, four large and three small posterior 

Type, ParaType, AND RererreD MoLar M@ASUREMENTS, IN MILLimeTers (Figs. 623, 629-632) 
OF SYNCONOLOPHUS DHOKPATHANENSIS 

Type Paratype Referred 

(Amer. Mus. 19673) (Amer. Mus. 19720) (Amer. Mus. 19485b, d) 

Left M? Right M? Left M® Right M® Right M*® Right M® —_ Left M® 
Anteroposterior 116 119 179 176 200 190e 190e 
Transverse at 

protoloph 88 92 95 100 89e 
metaloph 95 103 103 100+ 94e Sle 

tritoloph 99 91 106 90e 89e 

tetartoloph 89 84 92 79e 79e 

pentaloph 77 

REFERRED THIRD RicHTt AND LEFT SUPERIOR AND INFERIOR 

Mouars OF SYNCONOLOPHUS DHOKPATHANENSIS (AMER. 

Mus. 19485a—p) rrom THE DHoK PATHAN Horizon, 

500 FEET BELOW TOP OF MIDDLE Srwa.iks, INDIA 

Superior L.M? anp R.M?® (Amer. Mus. 194858, p>—F ics. 623, 

632)—Crown partly fractured (Fig. 632), of size intermediate 

between type (Amer. Mus. 19673) and paratype (Amer. Mus. 

19720); pro-protoloph fractured, proto- and metalophs much more 

worn (Fig. 632), exposing large external and internal cones, two 

conelets behind protoloph, four to five conelets behind metaloph; 
internal cones and conelets of meta-, trito-, and tetartolophs 

strongly warped or dislocated backwards as in the type (Amer. 
Mus. 19673) and in the paratype (Amer. Mus. 19720). Diameters 

(ap. 190e mm., tr. 94e mm.) comparable to those of paratype 

(Amer. Mus. 19720). 

Inrerton Mouars (AMER. Mus. 19485 c, a—Fia. 632).— 

This lower pair of relatively long, narrow molars (diameters, ap. 

202e mm., tr. 86e mm.) exhibits five and a half ridge-crests with 

strongly warped external cones and conelets of the four posterior 

crests (2-3-4-5), as shown in the figure of r.M;; the protolophid 

(tr. 74 mm.) is worn off in both molars; the metalophid (tr. 83 

mm.) consists of four large conelets, the inner pair warped, and 

small intermediate conelet; the tritolophid consists of four large 

and separate conelets, the outer pair warped, no intermediate cone- 

lets. The tetartolophid consists of three main conelets, the outer 

two being strongly warped; the pentalophid (fifth crest) consists 

of two main cones; the rudimentary hexalophid (34) consists of a 

single cone. A heavy cement layer surrounds the cones and cone- 
lets of r.M; (Fig. 632), and the anterior crests of r.M® (Fig. 632). 

The heavy enamel of the cones and conelets is ptychoid or fluted, 

conelets compressed at summit. Tritoloph, tr. 106 mm., still 

more strongly warped or dislocated on internal side; internal and 

external pairs of cones transverse, two posterior conelets. Tetar- 

toloph, tr. 92 mm.; narrow, laterally compressed, one internal 

warped cone, two external transversely placed conelets. Penta- 

loph, tr. 77 mm.; transversely crested, nine vertical posterior 

grooves; height 53e mm., as compared with height of tritoloph, 

89e mm. Cones larger and more highly fluted on the sides (Fig. 

623); cement preserved only in the bottom of the valleys, as com- 

pared with the referred specimen (Amer. Mus. 19485c—Fig. 632). 

Fig. 631. Synconolophus dhokpathanenis (Amer. Mus. 

19720) found approximately 500 ft. below top of Middle Siwaliks, same level as 
Paratype of 

Hipparion quarry, Dhok Pathan. A third superior molar of the right side, 

r.M®, reduced to one-half natural size. Compare figure 623. Observe pro- 

protoloph and (1-4) proto-, meta-, trito-, and tetartolophs, also (44) rudimen- 

tary pentaloph. 
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FRAGMENTARY Mo.uars OF OTHER INDIVIDUALS 

FROM SAME LEVEL 

Synconolophus dhokpathanensis Ref. 

(1) Amer. Mus. 19462. Referred juvenile cranium containing 

fractured bases of three superior milk teeth, Dp’, Dp*, Dp‘, and 

crowns of |.M! and r.M!, also embedded crown of r.M? and 1.M?; 

recognized as Synconolophus dhokpathanensis by the strongly 

warped or dislocated internal cones of M', differing by the anterior 

position of the posterior narial opening, in contrast to the pos- 

terior position of the same in the adult type cranium (Amer. Mus. 

19673—Fig. 629). Space occupied by three milk premolars, 

SYNCONOLOPHUS DHOKPATHANENSIS 

AMM 19485 d- h- ref, 

"AM 19485 b- 

OSBORN: THE PROBOSCIDEA 

Dp?, Dp’, Dp*, 145 mm. First molar, 1.M’, ap. 96 mm., tr. 65 mm. 
Ridge-crests: 4-3-3. Internal cones of proto-, meta-, and trito- 

lophs increasingly warped or dislocated; multiple irregular conelets 

crowning each loph, posterior intermediate conelets on proto- 

and metalophs, as in adult paratype M* (Amer. Mus. 19720) 

and referred M* (Amer. Mus. 19485b). (2) Amer. Mus. 19485f, 

outer half of tritoloph, warped tetartoloph, and perfect pentaloph 

of r.M*. (3) Amer. Mus. 19927, warped internal cones of trito- 

loph of 1.M%. 

Stegolophodon stegodontordes Ref. 

Amer. Mus. 19485e. Anterior portion of superior molar crown 

of 1.M3. 

PAM 19485c 

SYNCONOLOPHUS DHOKPATHANENSIS 

A117 19485a- c— ref 

Al] 19485 a 

Fic. 632. Rererrep Superior AND INFERIOR MOLARS OF SYNCONOLOPHUS DHOKPATHANENSIS (AMER. Mus. 19485A—p), ABOUT ONE-HALF NATURAL SIZE, 

rouND 500 FEET BELOW Top or MippLE SIWALIKS, SAME LEVEL AS HippARION Quarry. THE CROWNS APPEAR TO BE SOMEWHAT SIMPLER 

THAN THE CROWN OF THE PARATYPE (AMER. Mus. 19720—FiG. 631). 

Crown aspect of third left and right superior molars (Amer. Mus. 19485 

d, b). 

(Upper) Amer. Mus. 19485d.: Third left superior molar, 1.M*, with inter- 

nal pair of conelets warped or dislocated’posteriorly; external pair normal; 
four external conelets (1-4). (1) Protoloph restored, showing intermediate 

conelet; (2) metaloph showing numerous intermediate conelets; (3) tritoloph 

wanting on internal side; (4) tetartoloph and pentaloph encased in cement. 

(Lower) Amer. Mus. 19485b. Third right superior molar, r.M‘, exhibiting 

pro-protoloph, also (1-2-3-4) proto-, meta-, trito-, and tetartolophs; external 

cones in normal position, internal cones and conelets warped or dislocated 

posteriorly; numerous (5-2) intermediate conelets in the valleys. 

Crown aspect of third right and left inferior molars (Amer. Mus. 19485c, a). 

(Upper) Amer. Mus. 19485c. Third right inferior molar, r.M3. Observe 

(1) worn protolophid, (2) metalophid composed of four main conelets and 

postero-intermediate trefoil conelet, the three external conelets arched or dis- 

located posteriorly, (3) tritolophid composed of four main conelets, (4) tetar- 

tolophid composed of three main conelets, (5) pentalophid of two main conelets; 

(5) valleys choked with cement. 
(Lower) Amer. Mus. 19485a. Third left inferior molar, 1.M3. Main inter- 

nal conelets in normal position; five external conelets (1-2-3-4-5) warped 

or dislocated. The warping or dislocation of the external conelets reverses 

that of the superior molars, in which the internal conelets are displaced. 
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Synconolophus propathanensis Osborn, 1929 

Figures 415A and 633 

Dhok Pathan horizon, 500 feet below top of Middle Siwaliks (=Hip- 

parion quarry level), Middle Pliocene, three miles east of Dhok Pathan, India, 

regarded by Pilgrim as subsequent to Pikermi, Eppelsheim, ete. 

The type mandible of this species (Amer. Mus. 19487), 

originally (Osborn, 1929.797, p. 12) thought to be referable to the 

genus Serridentinus, proved to belong to the genus Synconolophus; 

as the specific name propathanensis indicates, it is more primitive 

than the related species Synconolophus dhokpathanensis (ef. Fig. 

623). 
Synconolophus propathanensis Osborn, 1929. ‘‘New Eurasiatic 

and American Proboscideans, ‘‘Amer. Mus. Novitates, No. 393, 

Dec. 24, 1929, pp. 12, 13. 

Typr.—Amer. Mus. 19487. A large and finely preserved 

tuskless lower jaw containing both pairs of inferior grinders, My-Ms: 

Amer. (us. /9487 Type 

mz  eelh foreshortened ine a : 
ZV fT pe 

— S DP TTAS Ares. < ra 

Amer (us 19487 Type 

Fig. 633. Type of Synconolophus propathanensis Osborn (Amer. 

Mus. 19487), Dhok Pathan horizon, Middle Siwaliks, India. Compare 

figure 415A. 
A, Al, Left lateral and crown views of mandible. 

natural size. 

A2, Crown view of left inferior molars. One-third natural size. 

One-eighth 

: SYNCONOLOPHUS 665 

“Mastodon jaws. Middle Siwaliks. Same level as Quarry 1. 3 

miles east of Dhok Pathan. Brown, 1922. [Field] No. 46.” 

Middle Pliocene. 

Horizon anv Locauity.—Three miles east of Dhok Pathan, 

India. Middle Pliocene. Tyre Figure.—Op. cil., Osborn, 

1929.797, fig. 13, p. 13. 

This superb specimen (Fig. 633) is referred to the genus 

Synconolophus as the type of a new and very aberrant species 

propathanensis, named after the horizon in which it occurs. It is 

referred to this genus because of the highly characteristic pro- 

longed, deflected, trough-shaped superior aspect of the symphysis 

(length 250 mm.), at the extremity of which is a large empty 

single alveolus that may have contained a pair of slightly upturned, 

flattened lower incisive tusks (unfortunately missing in this speci- 

men) without bony septum. A second distinctive character is the 

very large foramen opposite the symphysis on either side, for the 

vascular supply of the fleshy lower lip, also another large foramen 

beneath Mo. 

The type grinders (Fig. 633) resemble those of Synconolophus 

dhokpathanensis ref. (Figs. 622, 632) in cone and conule compres- 

sion but differ in the lesser alternation of the main cones. The 

measurements are as follows: 

Length of jaw, condyle to end of symphysis, 

estimated 900 mm. 

Length of symphysis on the median line 250 

Depth of jaw below Ms 133 
Terminal width of symphyseal trough 137 

Space occupied by grinders, Mo-Ms; 274 

Length of second inferior molar, r.M» 106 

Width of same 65 

Length of third inferior molar, 1.Ms 168 

Maximum width of same at tritolophid 76 

Height of tritolophid, of Ms; 60e 

Ridge-crest formula: 

M, with 3! ridge-crests, 4 conelets on each crest, 

M; with 44—% ridge-crests, 4 conelets on each crest, 

external trefoil conelets on protolophid. 

Sprciric CHaractTers.—(1) Ridge-crests compressed, sub- 

hypsodont; (2) deeply covered with cement; (3) summit of crown 

of M2 wearing into a subptychodont pattern owing to the crowding 

of the ridge-crest conelets and (?)conules into the valleys between 

the main cones; (4) main cones less alternate than in Anancus 

and Stegomastodon, with two median conelets crowding anteriorly 

into the valleys; (5) M2 with 3! ridge-crests, Ms with 4-4-} 

ridge-crests; (6) height of tritolophid of Ms 60e mm.; (7) the sub- 

ptychoid pattern is best seen in the partly worn crown summit of 

M; which exhibits on the tritolophid and rudimentary tetartolophid 

a group of seven closely compressed conelets with crenulate borders; 

were it not for the directly opposite condition of the outer conelets, 

this grinder might readily be mistaken for a typical Anancus. 

Sympuysis.—The broad, trough-shaped rostrum resembles 

that of Anancus perimensis (see Fig. 610) and indicates a large, 

fleshy lower lip for the prehension of herbage. 



MounTED SKELETON OF STEGOMASTODON ARIZONZ GIDLEY 

Fig. 634. Photographic reproduction of type skeleton as mounted in the United States National Museum (Nat. 

Mus. 10707), one-thirtieth natural size, under the direction of J. W. Gidley. Compare Gidley, 1926, Pl. xxx, also 

figure 640 of the present Memoir. 

Fig. 635. STEGOMASTODON ARIZON® GIDLEY, THE CURVED-TUSKED STEGOMASTODONT OF ARIZONA 

Restoration one-fiftieth natural size, drawn under the direction of the author by Margret Flinsch (1933) 

This restoration of a descendant of the classic ‘M.’ mirificus Leidy is based on the complete mounted skeleton (Figs. 634, 640) 

in the National Museum. Of uppermost Pliocene age, this American offshoot of the ‘Mastodon’ humboldtii stock was the companion of 

Plesippus, the horse so near the modern Equus that it was first described by Cope as belonging to the existing genus of horses. It seems 

that other associates were the glyptodont Glyptotherium arizone. The scene is that of a drying water-hole in which the bogged remains 

of some of the animals were trampled upon by new entrants maddened by thirst, asin the Platybelodon grangeri pool of the Gobi Desert 

represented in figure 285. See page 680 below for preliminary list of the fauna of this period of desiccation. The same species is repre- 

sented in figure 648, drawn by Charles R. Knight, under the direction of the author. The life size of this animal is 2648 mm., or 

8 ft. 8% in. 
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IV. THE HUMBOLDTINES OF NORTH AMERICA 

As explained above on the opening page (p. 617) of this chapter, the North American genus Stegomastodon, 
because of a fundamental resemblance of the grinding teeth to those of ‘Mastodon’ humboldtii (see Figs. 578-581, 
Chap. XII) has been removed from the Brevirostrine of Eurasia (Fam. Bunomastodontide) and placed among 
the South American mastodonts, of the subfamily Humboldtinee Osborn, 1934 (Humboldtide fam. nov). This 
genus includes eight species ranging from Nebraska to Texas, seven of which are described in the present chapter. 
The description of the new species (Stegomastodon primitivus) will be found in the Appendix to the present Volume 
I. This section, therefore, rightfully belongs in Chapter XII where the ‘Mastodon’ humboldtii group is treated. 

The geographic distribution of the American species of Humboldtine is clearly illustrated in figure 590 
above. The geologic distribution is still rather uncertain, but according to the progressive characters, the several 
species may be placed in ascending geologic and phylogenetic order as appears on page 683 below, with the ex- 
ception of Stegomastodon priestleyi and S. primitivus. 

1. CHARACTERS OF THE GENUS STEGOMASTODON POHLIG 

FaMILy: HUMBOLDTID fam. nov.' 
SuBFAMILY: HumBoLptTiN# Osborn, 1934. 

Genus: STEGOMASTODON Poblig, 1912 

Original reference: Bull. Soc. belge Géol., XX VI, Procés-verbaux, October, pp. 187-193, text figs. 1, 2 (Pohlig, 1912). 

Genotypic species: Mastodon mirificus Leidy, 1858. 
Syn: Rhabdobunus Hay, 1914. 

GENERIC CHARACTERS.—Palate elongate, postnarial opening far back of grinders (S. ltexanus). 
Skull and jaw abbreviate as in Anancus; less abbreviate than in Pentalophodon; tusks upturned without 
enamel; intermediate molars with trilophodont to tetralophodont ridge formule instead of penta- 
lophodont, M 233; molars with quadruple to multiple trefoils completely blocking the valleys; 
central conules absent; inferior ridge-crests proverted as in inferior ridge-crests of Anancus, 
Pentalophodon, and Synconolophus; crowns of molar teeth ptychodont, labyrinthodont, subhypsodont ; 
posterior molars with progressive ridge formula: M 3 #°*-&882*% Mandibular rostrum progressively 
abbreviated (Fig. 636), Stegomastodon successor to S. texanus (ef. Fig. 553). 

The successive explorations of the late James W. Gidley in Texas have revealed the most remarkable phyletic 

ascending series to the very summit of the Pliocene Plesippus simplicidens life zone, while Stegomastodon aftonix 

carries us into the Lower to Middle Pleistocene life zone of Archidiskodon meridionalis nebrascensis. 

SrEGoMASTODON.—-Pohlig originally selected Leidy’s Mastodon mirificus as the genotypic species of the new 

genus Stegomastodon, characterizing it (1912, pp. 192, 193) as follows: 

... “et cette position importante des Mastodontes américains, . . est encore accentuée par un autre caractére que 
par la présence de quatre défenses sans émail, caractére qui n’avait pas été reconnu jusqu’ici et que je signale aujourd’hui: 
dans des Mastodontes américains, il y avait déjad occasionnellement du cément sur Vémail au fond des tranchées entre les crétes 
transversales postérieures des derniéres molaires; c’est prouvé, notamment, par une superbe dent de Stegomastodon ef. mirificum 
Leidy (prototype de Stegomastodon Pohlig), qui fut vendue par Krantz en 1902. Jusqu’a ce jour, on ne connaissait pas encore 
la présence de cément sur |’émail des molaires dans une espéce du genre Mastodon; et on croyait que l’origine de sa formation 
n’apparaissait que dans les Stégodontes.” 

\For definition of the Humboldtide fam. nov. and of the Humboldtinsze Osborn, 1934, see Appendix to the present Volume I. 
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Although Pohlig was in error in believing that the presence of cement in the transverse valleys distinguished 

this genus from all other mastodonts, we are confident that the name Stegomastodon will stand, as designating the 

brevirostral mastodonts in which chcerodonty arises by the corrugation and final labyrinthine foldings of the 

enamel. 

RuHABDOBUNUS.—In 1914, Hay also selected Mastodon mirificus Leidy as the genotypic species of the new 

genus Rhabdobunus, as follows: 

(Hay, 1914, p. 59): The mastodon remains are described on a future page as Rhabdobunus mirificus. ... |Op. cit., p. 373]: 

Genus Rhabdobunus Hay. Elephantine animals whose upper tusks were probably without an enamel band; inferior tusks 

wanting and the lower jaw much shortened. Hindermost molars of the type species with cross-crests composed each of two 

blunt cones whose enamel is strongly fluted; transverse valleys blocked by contact of the principal cones. 

Cast of Type 

| Bs stecomastonon successor 
Cast of Type 

LM3 

Fig. 636. SreGoMAsTopON MANpbIBULAR ABBREVIATION (B, A, C). RinGE-crEsT INTERNAL PROVERSION 

Left mandibular rami of Stegomastodon successor type (cast Amer. Mus. 14281); S. mirificus type (cast Amer. Mus. 10799), and 

S. teranus ref. (Amer. Mus. 20083); progressive abbreviation of rostrum in front of 1.M3. Observe strong internal proversion of the 546+ 

inferior ridge-crests, as indicated by the white arrows. Compare figure 553 of Chapter XII. 

GENERIC DisTINCTIONS, OsBorN, 1924.—In the course of the present revision of the Proboscidea, Osborn at 

first regarded the Mastodon mirificus of Leidy as belonging to the genus Anancus Aymard, to which it is related by 

many fundamental Brevirostrine characters of the molar teeth, but the discovery of a nearly complete maxillary 

and mandibular dentition, in the explorations by J. W. Gidley during the years 1899-1901 in the Blanco formation, 
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revealed a trilophodont ridge formula of the ‘intermediate molars,’ M 1, M 2, entirely distinct from that of either 
Anancus or Pentalophodon, namely: 

M ?, 3% M 3 44-5 4-54+ Dp 43 M134 2c Ws Wet 
Whereas the prevailing ridge formula of the intermediate molars in A nancus is: Dp 4(?) M 24, and in Penta- 
lophodon, Dp 4 (?) M 2%; in Stegomastodon it is, Dp 4(?)M 2 su; the relative trilophodont simplicity and con- 
servatism of the intermediate molars in Stegomastodon is compensated for by the progressive, labyrinthine, and 
ptychodont enamel folding of the third molars, M3. Another generic character of significance is the short, 
massive, upcurved, outcurved superior tusks of Stegomastodon, in contrast to the long, straight tusks to which 
Aymard applied the name Anancus. 

2. CHARACTERS OF THE SPECIES STEGOMASTODON CHAPMANI HAYS, 1834-1843, AND OF 
S. MIRIFICUS LEIDY, 1858 

Stegomastodon chapmani Hays, 1834, 1843 

Figure 637 

From an unrecorded locality in the United States; type lost or misplaced. 

This, the first Humboldtine described from North America, was 

compared by Hays (1834) to Mastodon arvernensis. Unfortunately 
it is not known whether the type specimen was found in the 

eastern or western part of the United States; it undoubtedly 

belongs to the Humboldtine phylum, and it is extremely interest- 

ing to note that Hays himself observed its resemblance to teeth 

Tue First STEGOMASTODON DescrRIBED FROM 

NortH AMERICA 

Fig. 637. Type of Mastodon Chapmani Hays, 

1834, Pl. xxun, figs. 3 and 4, one-fourth natural 

size. Locality not known. Cabinet of Amer. 

Phil. Soc., Philadelphia. Regarded by Leidy as 
“comprising three divisions, of the last upper 
molar of the right side,” r.M®*. 

from northern Italy which we now know belong to Anancus 

arvernensis. Doctor Hays dedicated it to Doctor Chapman in 1834, 

but the name Mastodon Chapmani was not published until 1843 
(Hays, 1843.2, p. 270) in the Proceedings of the American Philo- 

sophical Society. 
Mastodon Chapmani Hays, 1834, 1843. “Descriptions of the 

Specimens of Inferior Maxillary Bones of Mastodons in the 
Cabinet of the American Philosophical Society, with Remarks on 
the genus Tetracaulodon (Godman), etc.’’ Trans. Amer. Phil. 

Soce., N.S., 1834, Vol. IV, p. 338, and [Motion of Dr. Hays to have 

casts made of tooth of Mastodon Chapmani], Proc. Amer. Phil. 

Soc., 1843, Vol. II, p. 270. Typr.—(Explanation of PI. 

Xxil, figs. 3, 4, Hays, 1834): ‘Two views of a molar tooth, upper 

jaw, of a Mastodon, in the cabinet of the American Philosophical 

Society.” (Leidy, 1869, p. 248): ‘Apparently it consists of the 

fore part, comprising three divisions, of the last upper molar of the 
right side. It is much worn, and the embracing enamel of the first 

division of the crown, together with the greater part of the outer 

lobe of the second division, are broken away.” Horizon AND 

Locatiry.—Not mentioned. (Leidy, 1869, p. 248): “Nothing is 

known in regard to the locality.” Tyre Ficure.—Hays, 
1834, Pl. xx, figs. 3 and 4. 

Type Description.—(Hays, 1834, p. 338): “This tooth 

appears to differ from any hitherto described. It resembles the 

teeth represented in Cuvier, (Ossemens Fossiles, Plate rv. fig. 1,3, 4, 

and 6, Divers Mastodontes) in the enamel being crenulated; but it 

differs from them in the arrangement of the enamel. It is probably 

an undescribed species, and we propose to dedicate it to our esti- 

mable friend, the distinguished professor of the institutes and 

practice of medicine in the University of Pennsylvania, and Vice- 

President of this Society, Dr. Chapman.” 

Osborn, 1924: This type was rightly compared by Hays with 

Cuvier’s figures of similar teeth apparently belonging to ‘M.’ 

arvernensis from northern Italy (Cuvier, Ossemens Fossiles, Plate 

iv, Divers Mastodontes) distinguished by the alternation of the 

inner and outer cones and the extreme brachyodonty. Leidy recog- 

nized M. chapmani in his type description of M. mirificus (Leidy, 

1858.2, p. 10); he correctly stated that it more nearly resembled MV. 

humboldtii. Leidy observed that M. chapmani of Hays and his own 
M. mirificus represented related forms. 

Osborn, 1926: Without examination of the type, it is not 

possible to make a proper comparison, but M. chapmani appears 

to be less hypsodont than Leidy’s type of M. mirificus. 

Stegomastodon mirificus Leidy, 1858 

Figures 553, 636, 638, and 642 

Of Upper Pliocene(?) age,' ‘Loup Fork of Platte River,’’ Nebraska, fide 

Leidy, Osborn. Probably near Seneca, Thomas County, Nebraska (fide 

Hay, 1924, p. 100). 

This is the second Humboldtine described from North America 

and is apparently distinguished by the presence of double trefoils 

on the anterior ridge-crests (see figure 638 after Leidy). This 

species was founded on a lower jaw discovered by F. V. Hayden on 

the “Loup Fork of Platte River,’ Nebraska, and is probably of 

{According to the field determinations of the University of Nebraska Expeditions (see Lugn and Schultz, 1934.1, p. 372), this horizon is definitely Lower 

to Middle Pleistocene, both from geologic and faunal evidence.—Editor.| 
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Upper Pliocene! age, the exact geologic level of the type jaw being 

uncertain. The jaw was compared by Leidy with ‘M”’ sivalensis. 

The specific name mirzficus doubtless refers to the elaborate fold- 

ings of the enamel which are imperfectly represented in Leidy’s 

type figure (Fig. 638); there are apparently two trefoils on the inner 

and two on the outer lobes (cones), making four in all; the alterna- 

tion of the inner and outer lobes is somewhat less marked than in 

certain species of Anancus and Pentalophodon. 

Mastodon mirificus Leidy, 1858.2. ‘‘Remarks on fossils from 

Nebraska.”” [A new species of mastodon and elephant from 

Tyre JAW OF STEGOMASTODON MIRIFICUS 

Fig. 638. Left ramus of type jaw of Mastodon mirificus Leidy, 1858, after Leidy’s original type figure in 

“The Extinct Mammalian Fauna of Dakota and Nebraska,” 1869, Pl. xxv, figs. 1,2. Original lithograph one- 

half natural size; present figure one-third natural size. Nat. Mus. 209; cast Amer. Mus. 10799. 
Observe slight internal proversion of the six ridge-crests. 

Nebraska, Mastodon miirficus, Elephas imperator], Proc. Acad. 

Nat. Sci. Phila., 1858, Vol. X, p. 10. 

Mastodon (Tetralophodon) mirificus Leidy, 1858.4.“ Notice 

of Remains of Extinct Vertebrata, from the Valley of the 

Niobrara River,’ ... Proc. Acad. Nat. Sci. Phila., 1858, Vol. 

X, p. 28. 

Typee.—Part of the left jaw containing the third molar, M;; 

Nat. Mus. 209, cast Amer. Mus. 10799; the right side of the type 

'See footnote on page 669. 
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jaw is in the Philadelphia Academy collection. Horizon 

AND Locauity.—Hayden Expedition of 1857; first attributed to 

valley of Niobrara River, horizon F of Hayden; the type jaw is 

probably from the Loup Fork of Platte River (ef. Leidy, 1873, 

p. 330); it is so inscribed in Leidy’s hand. Tyrr FiGuRE.— 

Leidy, 1869, Pl. xxv, figs. 1, 2. 

Type Derscription.—(Leidy, 1858.2, p. 10): “Dr. Leidy 

directed the attention of the members to some fossils on the table, 

being part of the collection obtained by Dr. F. V. Hayden, in the 

valley of the Niobrara river, Nebraska. One of the specimens was 

the lower jaw of a new species of Mas- 

todon. It belonged to an old individual, 

as the last molar tooth occupies its 

functional position and is considerably 

worn. The jaw indicates a smaller 

animal than the common Mastodon 

(M. Ohioticus.) The tooth resembles 

the corresponding one of M. sivalensis, 

or of M. angustidens, much more nearly 

than that of the common Mastodon. 

The crown has a much greater antero- 

posterior diameter in relation to its 

transverse diameter, than in the latter, 

and it has six transverse rows of 

tubercles, together with a feeble tarsus. 

The tubercles are crowded instead of 

being separated by wide angular val- 

leys asin the common Mastodon. The 

tooth was compared with that from an 

unknown locality, characterized by Dr. 

Hays under the name of M. Chapmani; 

but this more nearly resembles the 

South American species M. Hwmboldti. 

In advance of the tooth, there are no 

traces of an alveolus for the preceding 

tooth, but a sharp ridge proceeds from 

the last molar to the anterior extremity 

of the jaw. Dr. Leidy observed he had 

never seen the jaw of the common 

Mastodon in the same condition, as 

the oldest individuals always presented 

the fifth alveolus filled up, and not 

completely obliterated. The species he 

named Mastodon mirificus.” 
(Leidy, 1858.4, p. 28): “Mastodon 

(Tetralophodon) mirificus, Leidy. One 

of the most interesting discoveries of 

Dr. Hayden in the pliocene deposit of 
the valley of the Niobrara, is the greater 

portion of the lower jaw of a Mastodon, most undoubtedly distinet 

from that species whose remains are so abundantly found in later 

deposits in the United States. The specimen belonged to an old 

individual, as the last molar tooth had protruded and is consider- 

ably worn off at its anterior two-thirds; and it indicates a much 

smaller animal than the M. ohioticus. The form of the jaw is like 

that of the existing Elephant of, India. A single tooth, the last 

molar, occupies each side of it, and resembles the corresponding one 
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of M. angustidens, of Europe, or of M. sivalensis, of the Sivalic Hills, 

of India. The crown measures nine inches antero-posteriorly, and 
three and a half inches transversely, and possesses six transverse rows 

of conical lobes closely crowded. In advance of the sixth molars, 
preserved in the specimen, no traces of alveoli are left for preceding 

teeth, but a sharp sigmoid ridge extends to the front of the 

jaw.” 

Speciric Cuaracters or Type (Lemy, Hay, Osporn).— 

(1) Six cross-crests with rudimentary talon. (2) Crests one to five 

composed of two main cones, subdividing into two conelets with 

indications of reduplicate trefoils, i.e., quadruple trefoils; crest 

six of two primitive cones, not subdivided. (3) Enamel borders less 

labyrinthine and complex than in Stegomastodon chapmani or S. 
arizone. (4) Enamel fluted or ptychoid, especially on the inner 

half of the outer cones and on the outer two-thirds of the inner 

cones, thrown into grooves which run from base to summit. (5) 

Where the tooth is worn down, these folds appear as thick festooned 
bands of enamel; of these folds there are about six on each cone 

of the transverse crests. (6) At the base of the whole six ridge- 

crests is a coat of cement, all ridge-crests probably originally so 

covered; patches of cement in the valleys of the hinder part of the 

tooth. (7) Length of lower molar tooth equals 222 mm., greatest 

width equals 80 mm., breadth-length index equals 36. (8) Osborn 

(1924) observes double trefoils in the type both on the inner and 

outer cones of the anterior crests of the protolophid, the meta- 

lophid, and the tritolophid; these double trefoils are rudimentary 

and are less prominent in the tetartolophid; they do not appear in 

the pentalophid; the hexalophid consists of only two main cones, 
hardly more than a half ridge-crest, when viewed from above. 

PRIMITIVE PHYLOGENETIC PosiTIoN oF TyPE (OsBORN, 

1924).—The type of ‘M.’ mirificus (Fig. 638) is primitive as compared 

with the types of other and far more progressive species recently 

discovered in America. It will be observed that, while seen from 

the side, six ridge-crests may be counted, as seen from above the 

hexalophid is composed of two cones only; it has not yet sub- 

divided into four conelets as in the five anterior crests, consequently 

the ridge formula is M3 =;;. These type teeth, therefore, are in a 
much earlier stage of evolution than those of Stegomastodon 

texanus from the Upper Pliocene Blanco or of S. arizonz from the 

Upper Pliocene San Pedro, and far less progressive than those of S. 

aftoniz of the Lower Pleistocene of Iowa (Aftonian?)', in which the 

formula is M 37%. 
GroLocic AGE or Typr.—(Hay, 1914, p. 374): “‘Rhab- 

dobunus mirificus (Leidy). This species was founded on the 

greater part of a lower jaw which was discovered by F. V. Hayden 

within the present state of Nebraska. . . . On the jaw is printed 

by Leidy’s hand ‘Loup Fork of Platte River.’ Of the type jaw the 

left ramus was figured in Leidy’s work ‘The Extinct Mammalian 

Fauna of Dakota and Nebraska,’ plate xxv, figures 1 and 2. This 

part of the jaw is now in the collection of the National Museum. 
The right side of it is in the Philadelphia Academy’s collection. 

Leidy’s figure shows that the jaw has suffered slight injuries since 

the illustration was made. It has been supposed that this species 

belonged to the Pliocene or even to the Miocene. However, in 

Leidy’s work last cited, on page 251, it is stated that Hayden had 

observed mastodon remains, probably belonging to this species, in 

association with those of Hipparion and Elephas, at the head of the 

Loup Fork branch of Platte river, between that point and Niobrara 

river, and in the course of the latter. This seems to indicate the 

presence of Pleistocene deposits in that region; and, certainly 

Elephas |Parelephas]| columbi is there found.” 
Osborn (1924) does not accept the conclusion of Hay; for 

reasons stated above and below, Osborn regards the type of 

‘M.’ mirificus as of Upper Pliocene age.” 

38. RECENTLY DISCOVERED HUMBOLDTINES OF THE SOUTHWEST, STEGOMASTODON 

SUCCESSOR, 8. TEXANUS, AND 8S. ARIZONA 

Stegomastodon successor Cope, 1892 

Figures 553, 636, 641, 648, and 644 

Upper Pliocene, Blanco formation, Texas. 

Stegomastodon successor is the first Humboltine to be described 

from the Blanco formation. The five and a half crested (+535) 

third inferior molar (Fig. 641) should be compared with the six 
plus (6+) crested third inferior molar of S. mirificus (Figs. 638, 

636) and with the much more complex six and a half plus crested 

molar of S. teranus (Fig. 642 B2). 
This species proves to be more primitive than Mastodon 

[=Stegomastodon] mirificus of Leidy; the type has had a checkered 
history. In 1892 Cope based it upon a lower jaw (Fig. 641) and 

upper tusk from the Blanco beds of Texas and very accurately 

described (1892.4, p. 227) and figured it (1893.1); he erroneously 
designated it, however, as “nearest to the Mastodon andium.” 

Previous to this Cope had described as Dibelodon tropicus a tooth 
actually related to Mastodon andium or M.humboldtii. Accordingly 

in 1893 Cope (1893.1, p. 63) wrote: “On this supposition I 

suspected the animal to represent a species distinct from the M. 

tropicus and named it M. successor, as above cited. This name [i.e., 

Mastodon successor] is now withdrawn.” 

Thus for thirty-one years the specific name Mastodon successor 

Cope has been erroneously listed as a synonym of Dibelodon 

tropicus Cope. Osborn now revives Mastodon successor of the 

Blanco as a well-recognized and distinct species of the genus 

Stegomastodon. 

The type of Mastodon [=Stegomastodon] successor Cope 

(Fig. 641) appears to be more primitive than the type of M. [= Stego- 
mastodon] mirificus Leidy (Fig. 638), because the rostrum of the 

jaw is more elongate; the third inferior molars have five and a 

half plus ridge-crests, namely, M 3 ¢5,, but the rudimentary 
hexalophid in M; is far less developed than the hexalophid in 

S. mirificus. S. successor, therefore, appears to be one of the most 

primitive species of Stegomastodon thus far discovered in America, 

unless the Mastodon [= Stegomastodon] chapmani Hays proves to 

be still more primitive. 

Mastodon successor Cope, 1892. ‘A Contribution to a Knowl- 

edge of the Fauna of the Blanco Beds of Texas.” Proc. Acad. 

Dr. A. L. Lugn and Mr. C. Bertrand Schultz have carefully considered the geological age of the deposit in which the type specimens of Stegomastodon 

afloniz were found and are led to believe that it is of Yarmouth rather than of Aftonian age, that is, Lower to Middle Pleistocene.—Editor.} 

*See footnote on page 669. 



Amer. Mus. 10622 

All 1/8 nat. size 

Type SKULL OF STEGOMASTODON TEXANUS 
Fig. 639. Type skull of Stegomastodon texanus (hexalopho- 

dont+), Amer. Mus. 10622, from the Blanco formation of Texas; 

also shown in figures 642 and 645 D. A, Superior view; Al, 

palatal view; A2, occipital view. One-eighth natural size. 
This type is the first skull found in North America of this interesting Humboldtine phylum. 

Fig. 640. Restoration and sketch by Charles R. Knight of mounted skeleton of Stegomastodon arizone Gidley 

(Nat. Mus. 10707). One-thirtieth natural size. Compare figure 634. 
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Nat. Sci. Phila., Vol. XLIV, pp. 227, 228. Typr.—(Op. cit., 

p. 227): “The most complete specimen is represented by both 
rami of the lower jaw with symphysis complete, but lacking angles 

and condyles; accompanied by a tusk of the upper jaw. The 

latter is without enamel band.” Horizon anp Locauiry.— 

Collected by Professor W. F. Cummins, Blanco beds, Texas. 
Original in Texas Geological Survey Collection, Austin, Texas; 

cast Amer. Mus. 14281. Upper Pliocene (ef. Osborn, 1918.473, p. 

34) the Glyptotherium-Pliohippus simplicidens zone. TYPE 

Ficure.—Cope, 1893.1 (4th Ann. Rept. Geol. Surv., Texas, for 

1892), Pl. xv1, figs. 1, la,and P].xvu, fig. 1. In these plate figures 

the legends erroneously read ‘“Dibelodon tropicus,’’ the species 

founded by Cope upon von Meyer’s type. 

Type JAW OF STEGOMASTODON SUCCESSOR 

Type of Mastodon successor Cope, 1892. Original figure of type 

jaw and left Mos. After Cope, 1893.1, Pl. xvi, figs. 1, la, and Pl. xvm, fig. 1. 
Fig. 641. 

One-sixth natural size. Cummins Collection, Blanco beds, Texas; in the 

Texas Geological Survey Collection. Cast Amer. Mus. 14281. Figured by 
Cope as Dibelodon tropicus; referred by the present writer to Stegomastodon 
successor. 

(Cope, 1892.4, p. 227): “The most complete specimen is represented by 
both rami of the lower jaw with symphysis complete, but lacking angles and 
condyles; accompanied by a tusk of the upper jaw. The latter is without 

enamel band.” 

Typr Derscriprion.—(Compare Cope, op. cil., 1892.4, pp. 

227, 228) (1) The tusk of the upper jaw is without enamel band. 

(2) “The second true molars are in place, showing their patterns, 

and the third molars have only three crests protruded. Besides 

the subsidiary tubercles which form the trefoils of the inner side of 
the molars there are a few other tubercles closing the valleys. The 

second true molars have a narrow fourth cross-crest. Measure- 

ments: Length of left ramus preserved 2.55 feet; length from 
anterior base of coronoid process to apex of snout 1.55 feet; length 

of second true molar .45 feet; width between second molars .35 
feet; total width of ramiat middle of M.3-1.4 feet; width of crown 

of M.3 at front crest .35 feet; diameter of tusk near middle .625 
feet. This species is nearest to the Mastodon andium Laurill., but 
that species, according to Burmeister, has an elongate symphysis, 
although without tusks.” 

SpeciFIC CHARACTERS (OsBoRN, 1924).—(1) Second inferior 

molar, M2, length 114 mm., width 78 mm., index 68, with three and 

a half ridge-crests, (?) single internal trefoils. (2) Third inferior 

molar, Ms, length 1914+ mm., width 80e mm., index 42e, ridge- 
crests M 3 %5-q; double trefoils on proto-, meta-, trito-, and 
tetartolophids; pentalophid consisting of two half-cones without 
trefoils; hexalophid consisting of two primitive conelets. These 
characters, produced from the type cast (Amer. Mus. 14281) in 
which more than half of Ms is still buried in the jaw, demonstrate 

that in respect to dental complication, i.e., cones and trefoils, the 

type of Stegomastodon successor is more primitive than Leidy’s 

type of ‘Mastodon’ mirificus which exhibits quadruple trefoils on 
the proto-, meta-, trito-, and tetartolophids; S. successor appears to 

be more progressive than the type of ‘M.’ mirificus in the vertical 

hypsodonty of the ridge-crests which measure 70 mm. Conse- 
quently Cope’s type of M. successor belongs to the genus Stego- 

mastodon, as refigured in figure 643C, C1, C2. It is seen to be most 

nearly related to Stegomastodon mirificus (pentalophodont-+ ). 

Stegomastodon texanus Osborn, 1924 

Figures 553, 636, 639, 642-645 

Upper Pliocene, Blanco formation, Llano Estacado, Texas. 

The third inferior molar, M3, in the types of Stegomastodon 

mirificus and of S. successor is pentalophodont+; in the present 

species it is hexalophodont+, in fact, a heptalophid and rudiment 

of an octalophid are observed. Consequently S. feranus is much 

more progressive than S. mirificus and certainly more recent in 

geologic time. 

The type of this species is an aged female skull (Amer. Mus. 

10622), originally referred by Gidley and by Osborn to the Masto- 

don mirificus of Leidy but later found to belong to a distinct 

and much more progressive stage. The paratype is a less aged 

adult jaw (Amer. Mus. 10623). The grinders of Stegomastodon 

texanus are much more hypsodont and much more ptychodont, or 

cherodont, than those of the type of M. mirificus. Whereas both 

Mastodon [|= Stegomastodon| mirificus and M. |=Stegomastodon| 

successor have five and a half perfect ridge-crests, the type and 

paratype of S. teranus have six and a half ridge-crests, that is, 

they are hexalophodont+, and thus are much more progressive. 

We observe that in S. teranus (Fig. 642 B2) the tetartolophid, 

pentalophid, and hexalophid have highly ptychoid enamel crests; 

the heptalophid consists of three cones, the octalophid of two low 

cones. 
Stegomastodon texanus Osborn, 1924. ‘Additional Generic 

and Specific Stages in the Evolution of the Proboscidea.’”’ Amer. 
Mus. Novitates, No. 154, December 24, 1924, p. 3. (Osborn, 

1924.634). Type.—Aged female skull and jaws (Amer. Mus. 

10622). ParatyPe.—A less aged lower jaw (Amer. Mus. 

10623). Horizon AND Locairy.—Upper Pliocene, Blanco 

formation, Llano Estacado, Texas. Tyre Ficure.—Figures 

639, 642, 644A, Al, 645D of the present Memoir. PARATYPE 

Figure.—Osborn 1924.634, fig. 2A, Al; figures 643A, Al, and 

644 B, B1, of the present Memoir. 



1/4 nat. size 

Amer. Mus. 10622 

1/8 nat. size 

STEGOMASTODON TEXANUS 2S00MM.7'6%@  STEGOMASTODON AFTONIA. 2042m m.,8’8" 
TEXAS 1OWA 

1/8 nat. size 

STEGOMASTODON ARIZONAE 2648MM.8/84” STEGOMASTODON MIRIFICUS 2550MmM., 8'414"e 
ARIZONA NEBRASKA 

Type SKULL AND DENTITION OF STEGOMASTODON TEXANUS. ALSO RESTORATIONS OF S. MIRIFICUS, S. ARIZON%, S. TEXANUS, AND S. AFTONIZ 

Fig. 642. Type female(?) skull and dentition of Stegomastodon teranus (hexalophodont+), Amer. Mus. 10622, from the Blanco formation of Texas, 

Upper Pliocene; collected by J. W. Gidley, American Museum Expedition of 1900. Also shown in figures 639 and 645 D. 

Al, Front view of type skull. One-eighth natural size. 

A2, Type third right superior molar. One-fourth natural size. 

A, B, Right lateral view of type skull and jaw. One-eighth natural size. 

B1, Superior view of type lower jaw. One-eighth natural size. 

B2, Type third left inferior molar. One-fourth natural size. 

Observe that in this ascending mutation of Stegomastodon texanus as in the paratype jaw (Amer. Mus. 10623—Fig. 648 A, Al), Ms is six and a half plus 

crested, or hexalophodont-+ (i.e., rudimentary heptalophid and octalophid), whereas in Leidy’s type of ‘M.’ mirificus, M3 is five and a half plus (6+) crested or 

pentalophodont + (i.e., five complete crests, a half crest, and a feeble talonid), and in Cope’s type of ‘M.’ successor, M3 is plus five and a half crested or pentalo- 

phodont + (i.e., a half crest, five complete crests, and a half crest). 
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Type AND Paratype.—The type is an aged female skull and 

jaws collected by J. W. Gidley on the American Museum Expedi- 
tion of 1900, in the Blanco formation of Texas. The type is beauti- 
fully illustrated in the following figures of this Memoir, namely, 

figures 639, 642, 644A, Al, 645D. The paratype is a less aged 
jaw (Amer. Mus. 10623), illustrated in figures 643A, Al and 

644B, B1 of this Memoir. 

SPECIFIC CHARACTERS BASED ON Typ, PARATYPE, AND RE- 

FERRED SPECIMENS.—(1) Ridge-crest formula of Stegomastodon 

tecanus: M3 sevens. (2) Tetartolophid, pentalophid, hexalophid, 
with multiple enamel foldings, quadruple at the front of each ridge- 

crest, sextuple at the back of each ridge-crest, as compared with the 
simple condition in the types of S. mirificus and S. successor. (3) 

Third inferior molar, M3, length 223 mm., width 82 mm. index 

37; height of metalophid, second crest of crown, 70 mm. (in re- 

ferred jaw Amer. Mus. 10618). Third superior molar, M®‘, length 

203 mm., width 83 mm., index 41; height of metaloph, second 

crest of crown, 62 mm. (in referred palate Amer. Mus. 10698). 

(4) Ridge-crests of M 2 3 M 333%. The above type, paratype, 

and referred characters are beautifully shown in figtires 639, 642 

to 645. 

ASCENDING MUTATIONS IN THE BLANco.—It follows from the 

above definition that Stegomastodon texanus is a far more progres- | 
sive species than S. successor or S. mirificus and proves that the 

so-called ‘Blanco formation” of Texas includes more than one 

specifie stage. It probably represents a long period of geologic 

time, during which a complete ridge-crest was added, since S. 

texanus is hexalophodont +, while S. successor is pentalophodont 

+, and S. mirificus is pentalophodont with a very primitive hexa- 

lophid and feeble talonid. 

SUPPLEMENTARY CHARACTERS BASED ON Typr, PARATYPE, 

AND REFERRED SpectIMENS.—From the above observations and 

measurements of six progressive specimens which may be reason- 

ably referred to Stegomastodon texanus, we derive the following 

supplementary characters: 

Ridge formula of S. teranus: Dp 4$M 133M 233M3 34. 

Five anterior crests, proto-, meta-, trito-, tetarto-, and penta- 

lophs in superior molars; complex, choerodont, with supplementary 

pericones on the outer sides, rudiments of same on inner sides. 

M? with low rudimentary sixth crest consisting of from four to five 

conelets, rudiment of seventh crest or heptaloph. 

InFERIOR DENTITION OF STEGOMASTODON TEXANUS (A) AND OF 

S. successor (C) 

Fig. 643. Type (C, Cl, C2) of Mastodon [=Stegomastodon| successor 
Cope, compared with paratype (A, Al) of Stegomastodon texanus Osborn; from 

the Blanco, Texas. 
BLANCO A, Paratype adult jaw of S.tezanus (hexalophodon mut.), 

Amer. Mus. 10623, Upper Pliocene, Blanco, Texas. One- 

eighth natural size. 
Al, Enlarged r.Ms; of same jaw (S. lezanus paratype) show- 

ing labyrinthine folds of enamel. One-fourth natural size. 

Bianco C, Cl, C2, Type jaws and teeth of Mastodon (Stegomastodon] 
successor Cope, from the Blanco, Texas. After cast of 

type (Amer. Mus. 14281). Original in Texas Geological 

Survey Collection. Ridge formula: M23y M3y5q. C, Cl 
one-eighth natural size; C2 one-fourth natural size. 
Observe brachyodont or subhypsodont elongation of 

crests; also extreme ptychodonty. 

STEGOMASTOOON TEXANUS Paratype 

STEGOMASTODON 

a ts = 

=: 

V6 nat. size 

Amer. Mus. 10623 
(Bianco, Texas) 

\ir ‘Bae: 

V/4 nat. size a } f L J | 
a Ms ‘y é A . e. 

a. el . Atte © 

STEGOMASTODON TEXANUS PARATYPE 

V8 nat. size 

STEGOMASTODON SUCCESSOR 

Amer. Mus. 14281 

STEGOMASTODON succEssOR TYPE 
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Fig. 644 

ONTOGENETIC AND PROGRESSIVE JAW CHARACTERS AND INFERIOR 

GRINDING TEETH OF STEGOMASTODON 

Fig. 644. Lower jaws of Stegomastodon showing ascending growth and 

evolutionary stages, with progressive changes in the form of the jaw, abbrevia- 

tion of the jaw, and shedding of two anterior lower molars. 

BLANCO A, Al, Type of Stegomastodon texanus; HEXALOPHODONT C. Amer. Mus. 10698 ref. 

Mz, fully adult, M; only in use; symphysis abbre- 

viate; anterior half of teeth greatly worn, posterior 

half partly worn. 

ss B, Bl, Paratype of Stegomastodon texanus; HEXALO- 

pHopont Ms, My only in use; symphysis partly 

abbreviate, ridge-crests still showing labyrintho- 

dont pattern. 

“Loup Fork,” Nes. C, Type of Stegomastodon mirificus Leidy; PENTALO- 

pHopont Mz; ridge-crests small, less hypsodont; 

symphysis relatively more elongate; M3 only in 

use. 

BLANCO D, D1, Juvenile stage of Stegomastodon successor or S. 

texanus; pentalophodont M3; symphysis erect, 

relatively elongate; first and second true molars, 

Mj, Mz, stillin use, Mj embedded in the jaw; the pen- 

talophid is fractured in M3 and the rudimentary 

hexalophid is entirely broken off. 

Supprior GrinpING TEETH, P*_M®, or SrEGOMASTODON TEXANUS 

Fig. 645. Palate and maxillary dentition of type (D) of Stegomastodon 

teranus (Amer. Mus. 10622) and of three referred specimens, from the Blanco 

formation, Upper Pliocene of Texas. American Museum Expeditions of 1900, 

1901. One-sixth natural size. 

C, E, Internal and crown views of referred M2, M* (Amer. Mus. 10698). A, E, Crown and internal views of referred Dp’, 

M! (Amer. Mus. 10697). B, E, Palatal and internal views of referred M? (Amer Mus. 10619). 

The top line is a composition of the dental succession, Dp‘-M%, derived from three referred specimens, namely, Amer. Mus. 10697, 10619, 10698. 

Fig. 645. 
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STEGOMASTODON TEXANUS AND 8. SUCCESSOR 

MUTATIONS OF THE BLANCO, AMERICAN 

The Blanco formation contains a series of ascending mutations 
chiefly embraced within the collective species Stegomastodon 
texanus. Mz; is pentalophodont + to hexalophodont +. 

In descending geologic order the principal specimens of Stego- 

THE HUMBOLDTINAS: STEGOMASTODON 677 

mastodon discovered and collected for the American Museum by 

J. W. Gidley are arranged from Gidley’s field notes. At the 

extreme bottom of the formation was found aspecimen (Amer. Mus. 

10618) with grinding teeth of comparatively simple structure, 

suggesting the type of Stegomastodon successor, while in the upper- 

most level occurs the highly progressive form of Stegomastodon 

texanus (Amer. Mus. 10698). 

MUSEUM COLLECTION 

STEGOMASTODON TEXANUS 

Amer. Mus. 10698 Palate with M?, M® (Fig. 645 C, E), Blanco formation, Amer. Mus. Exped. 1901. M2?, length 104 mm., width 72 mm., 

Upper levels of 

Blanco formation 

Amer. Mus. 10622 

A little above 

middle of Blanco 

formation 

Amer. Mus. 10623 

Found in taking 

out Amer. Mus. 

10622, a little 

above middle of 

Blanco formation 

Amer. Mus. 10619 

Just above mid- 

dle of Blanco for- 

mation 

Amer. Mus. 10697 

Lower levels of 

Blanco formation, 
bottom of white 

beds 

Amer. Mus. 10585 

Bottom of Blan- 

co formation, 

Mulberry Canyon 

Amer. Mus. 10618 

Extreme bottom 

of Blanco forma- 

tion 

index 69, ridges three and a third. M®, length 200 mm., width 78 mm., index 39, ridges 6}:+. This 

third superior molar, M® (Fig. 645 C, E) is extraordinarily complex. While the ridge formula is °*", 

the ridges attain a height of 68 mm.; quadruple trefoils are observed on the proto-, meta-, trito-, 

tetartolophs; the pentaloph is less elevated; the hexaloph consists of four cones; the heptaloph of a 

talon with three relatively low conelets. Prominent external pericones block the spaces between the five 
main crests; similar rudimentary internal cones are observed. It would thus appear that this highly 

chcerodont, ptychoid, labyrinthine, pericone molar belongs to the progressive Stegomastodon texanus stage. 

Type of Stegomastodon texanus (Figs. 639, 642, 644 A, Al, 645D), Blanco formation of Texas, Amer. Mus. Exped. 

1900, J. W. Gidley collector. (See Gidley, Bull. Amer. Mus. Nat. Hist., 1903, Vol. XIX, p. 619): “The 

specimens of most importance found at this locality were a nearly complete skull and lower jaws of 

Dibelodon mirificus (No. 10622, American Museum Collection), and, the following year, a partial skeleton 

of a Glyptodont. . . . Glyptotherium texanum [Osborn].” This unique specimen consists of skull, jaws, 

five cervicals, one dorsal, parts of forelimb. The skull and jaws are fully illustrated in figures 639, 642 

of this Memoir, also in the composite figures 644 A, Al and 645 D. 

Paratype lower jaws of Stegomastodon texanus (Figs. 643 A, Al, 644 B, B1), Blanco formation, Amer. Mus. Exped. 

1900. These half-worn third inferior molar teeth, Ms, measure 225 mm. in length by 83 mm. in width, 

index 37. As shown in figure 643A, they exhibit six ridge-crests of which the five anterior are highly com pli- 

cated, proto-, meta-, trito-, tetarto-, and pentalophids; the hexalophid consists of two prominent cones 

less broad and complicated than the preceding; the heptalophid is more depressed. These teeth appar- 

ently serve as a complement to the much worn type molars, Ms (Amer. Mus. 10622), which measure 

223 mm. in length by 82 mm. in width, index 37. 

Palate with M', M? (Fig. 645 B, E), Blanco formation, Amer. Mus. Exped. 1900. M', length 92 mm., width 66 mm., 

index 72, ridges three and a half. M2, length 123 mm., width 76 mm., index 62, ridges three and a half. 

These unworn teeth are highly complicated, or chcerodont; consequently we may confidently refer them 

to the progressive species Stegomastodon texanus. 

Referred palate with Dp‘, M! (Fig. 645 A, E). Dp‘, length 69 mm., width 46 mm., index 67, three ridges. M', 

length 91 mm., width 61 mm., index 67, ridges three and a third. Amer. Mus. Exped. 1901. 

STEGOMASTODON SUCCESSOR AND 8. TEXANUS REF. 

Three lower teeth, Blanco formation, Amer. Mus. Exped. 1899. 

Lower jaws (Fig. 644 D, D1), Blanco formation, Amer. Mus. Exped. 1900. This jaw contains M,, Mz, and incomplete 

Mz, as represented in figure 644 D, D1. Ms exhibits four perfect ridge-crests with the pentalophid and 

hexalophid broken away. Consequently the correct ridge formula in this specimen is probably: M ly 

M 235 M35¢. Mi: measures 82 mm. in length, 61 mm. in width, index 74. M, measures 122 mm. in 

length, 70 mm. in width, index 57. The ridge-crests in M 3 are 5%, and of comparatively simple 

trefoil structure, suggesting that of the type of Mastodon successor Cope. A distinctive feature of this 

jaw is the presence of an internal pericone in the anterior valley of Mo. 
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Stegomastodon arizone Gidley, 1924, 1926 

Figures 634, 635, 640, 646-649 

San Pedro beds, uppermost Pliocene, Curtis Flats, Cochise County, 

Arizona. 

This specific stage is somewhat more progressive than Stego- 

mastodon texanus of the Blanco of Texas, and much more progres- 

sive than Stegomastodon mirificus of the “Loup Fork of Platte 

River,’ Nebraska. The type and referred specimens of Stego- 

mastodon arizone occur in a horizon which contains primitive 

species of the true horse described by Matthew (1924) as Plesippus, 

as well as species of Hipparion and of Pliohippus. The rich fauna 

of rodents, artiodactyls, carnivores, and edentates, as well as of 

Fig. 646. 
Mus. 10707). 

Gidley (cf. Gidley, 1926, Pl. xxxv, a, b). 

serve delicate and narrow rostrum, also five ridge-crests in Mo. 

M2, 110x 92 mm.; Mg, 230x 98mm. Length of mandible, condyle to symphysis 
740 mm. 

Type mandible of Stegomastodon arizone Gidley, 1926 (Nat. 

After photograph kindly furnished the author by James W. 

About one-sixth natural size. Ob- 

Meas. : 
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Fig. 647. Type cranium of Stegomastodon arizone Gid- 
ley, 1926 (Nat. Mus. 10707), after photographs kindly fur- 

nished the author by James W. Gidley (cf. Gidley, 1926, PI. 

XXxIv, a, b). Observe treble trefoils in the second ridge- 

crest of 1.M%, also posterior position of palatal opening. 

Meas.: M?, 95x86 mm.; M*, 212x97 mm. 
(Right) Anterior view of skull and tusks, about one- 

sixteenth natural size. 

(Left) Palatal view of cranium, about one-eighth nat- 

ural size. 

proboscideans, justifies the conclusion of Gidley that the San Pedro 

beds are “older than Pleistocene but somewhat more recent in 

geologic age than the Blanco.”’ 

Stegomastodon arizone Gidley, 1926. ‘Fossil Proboscidea 
and Edentata of the San Pedro Valley, Arizona.” U.S. Geol. 

Surv. Prof. Paper 140-B, p. 86. First use of the name in Osborn 
(Osborn, 1924.634, p. 4) from Gidley manuscript. 

Tyrr.—(Gidley, p. 86): ‘ Portion of skeleton of a young adult 

male, including the base portion of the skull with tusks and cheek 

teeth in place; the lower jaws; both fore limbs (one with nearly 

complete foot); parts of both hind limbs; the pelvis; and several 
of the more characteristic vertebrae and ribs (catalog No. 10707, 

U. S. National Museum).’’ Horizon AND LocaLity.— 

Curtis Flats, about fourteen miles southeast of Benson, Cochise 

County, Arizona, sec. 25, T. 188., R. 21 E. Type Ficgure.— 

Op. cit., Pls. xxxii—xxxv, Pl. xxxvim, figs. 1-3, Pl. xxxrx, 

figs. 1-3. 

Tyre Description (DraGnosis).—(Op. cit., p. 86): “Skull 

short; rostrum short and bent sharply downward on the plane of 

the palate; lower jaws with short symphysis, spoutlike chin and 

no tusks; a single tooth in each jaw in old individuals, as in Stego- 
mastodon mirificus (Leidy); tusks without enamel, large, stout, 

much curved, and widely spreading so that at the point of exit from 
the skull they diverge at right angles to each other; second 

molars when present, tetralophodont, or nearly so; third molars 
sextalophodont or septalophodont, with heel; lophs when 

unworn relatively high, with summits of main cusps closely 

approached, leaving the shallow longitudinal median valley nearly 

closed; principal cusps of the last lower molar not arranged in 

straight lines antero-posteriorly, as in most species of mastodons, 

but curving outward posteriorly, giving to the tooth crown a 

twisted appearance.” 
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“The cusps of these molars, above and below, arise one above 

the other in the jaw, so that the anterior lobes, appearing much 

earlier, are deeply worn before the more posterior ones come into 

use. These last two are progressive characters which parallel 

or are rather tending toward the condition of tooth replacement 
found in the true elephants and which mark this species of masto- 
don as having advanced, at least in this respect, much beyond the 

better-known later survivor of this great group of Proboscidea, 
Mastodon americanum. The tendency toward elephantlike de- 

velopment of the last molars of Stegomastodon arizonae is an im- 
portant difference to be noted in comparing it with S. mirificus, the 
latter being a less progressive species. In S. mirificus the summits 

of the lophs are more nearly on the same plane and are more evenly 

worn by use, as in Mastodon americanum. This progressive feature 
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SAN PEDRO FORMATION, ARIZONA. 
CHARACTERS 

Post-BLanco, UppermMost PLIOcENE AGE, GIDLEY, 1926.— 

The fossil bearing beds of the San Pedro valley occur in Cochise 

County, Arizona, in a strip forty miles from north to south lying 

on either side of the San Pedro River; they are best exposed at two 

localities known as Benson and Curtis Flats; they are doubtless the 

equivalents of the Gila formation which heretofore has been con- 

GEOLOGIC AND FAUNAL 

sidered as Pleistocene in age. As described geologically by Kirk 

Bryan (‘Geology and Water Resources of San Pedro Valley, 

Ariz.”’ U. 8. Geol. Surv. Water-Supply Paper. Unpublished.) 

and faunistically by J. W. Gidley (‘Preliminary Report on Fossil 

Vertebrates of the San Pedro Valley, Arizona,” U.S. Geol. Sury. 

Prof. Paper 131—-E, 1922, pp. 119-131; “Fossil Proboscidea 

Fig. 648. Restoration of the physiographic and faunal characters of the San Pedro valley of southern Arizona in uppermost Pliocene time, after the 

explorations of Gidley, 1926. Drawn by Charles R. Knight in the year 1926, under the direction of Henry Fairfield Osborn. 

The scene represents the very arid period in which are congregating mammals from three continents, namely, Glyptotherium arizonx from South America, 

a herd of camels (Pliauchenia spatula) and of horses (Plesippus simplicidens) from North America, while a troop of giant Humboldtines (Stegomastodon 

arizone) are drifting in from the northwest. 

is also strongly marked in certain species of Old World mastodons 

and is likewise present, but to a much less degree, in certain other 
American species, as Megabelodon lulli Osborn [Barbour] and 

Tetrabelodon [Tetralophodon| campester Cope.”’ 
REFERRED Materia, U. 8. Nar. Mus.—(Op. cit., p. 86): 

(1) Portions of a skeleton of a moderately old male, including the 

basal portion of the skull with teeth and tusks in place; the lower 

jaws; a fore limb and foot lacking only the proximal end of the 

humerus and the greater portion of the scapular blade; a few ribs 

and vertebr; and the sacrum with parts of the pelvis (catalog No. 

10556, U.S. National Museum). Found at about the same level as 

the type specimen, and about 100 yards distant. (2) A complete 

hind foot and distal end of tibia associated with a lower jaw lacking 

teeth (catalog No. 10917, U.S. National Museum). Found about 
50 feet from No. 10556 and at the same level.” 

The camels, while not listed by Gidley in the San Pedro formation, no doubt belonged to this geologic period. 

and Edentata of the San Pedro Valley, Arizona,” U. 8. Geol. 

Surv. Prof. Paper, 140-B, 1926), they are regarded as older 

than Pleistocene but somewhat more recent in geologic age than the 

Blanco. Near Saint David, Arizona, they consist principally of red 
clays, sands, and soft limestones that were deposited in salt lakes. 

These beds interfinger laterally with arkosie gravels and conglome- 

rates typical of deposition on arid alluvial slopes. The bones 

mostly occur in greenish clays and tufaceous clays deposited in 
springy and swampy areas on the margins of the salt lakes. 

ANcIENT WATER-HOLES.—The character of the clay in which 

the skeletons of Stegomastodon and of Glyptotherium were found and 
the condition and disposition of the bones point to the existence of 

water-holes in these localities. Some of the animal remains were 
buried complete; of others only a single bone was found. Gidley 

points out that the bogged remains of some of the animals were 
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trampled by their contemporaries. The carapace of the superb 

Glyptotherium arizone, according to Gidley, may have been crushed 

in by the feet of a Stegomastodon arizonz; similarly, the skull of the 

type of Stegomastodon arizone was crushed and eroded while 

partially buried in a Pliocene bog hole. The fauna is now regarded 

as slightly more recent than that of the Blanco, but in our opinion 

this cannot be positively determined until the species of horses as 
well as of proboscideans are more closely compared with specimens 

as yet uncollected from other localities. Compare Gidley, 1922.1, 

p. 120, for tentative list; also Gidley, 1926.1, pp. 86-94. 

RODENTIA 

Sciurip#: Citellus (two species). 
Gromy1p&: Geomys (two species); Cratogeomys (one species). 

Hereromyip&: Dipodomys (one species). 

Mouripz: Subfamily Cricetine (four genera, nine species). 

Subfamily Neotomeniz (one genus and one species). 

Subfamily Microteine (Neofiber, one species). 

Leprorip&: Lepus (three species); Sylvilagus or Brachylagus 

(one species). 

PERISSODACTYLA 

Equip: 

Plesippus (near Equus semiplicatus Cope). 

Hipparion Gidley (new species not published). Benson 

locality. 

Pliohippus (new species not published). Benson locality. 

ARTIODACTYLA 

Merycodus sp. near M. necatus. Benson locality. 

Cf. Merycodus near M. osborni. Possibly Capromeryx. Curtis 

Flats locality. 
Cf. Odocoileus n. sp. Curtis Flats locality. 

CARNIVORA 

Canis, of the coyote group in tooth structure but with a primi- 

tive Miocene limb structure. Curtis Flats locality. 

Canid, large species, possibly Tephrocyon. Benson locality. 

Felid, large species. Benson locality. 

Mustelid, small. Curtis Flats locality. 

Mustelid, small species, Benson locality (Amer. Mus. Coll.). 

EDENTATA 

Glyptotherium arizone Gidley, type specimen including (a) 

twelve caudal vertebre as compared with the thirteen 

caudals preserved in Glyptotherium tecanum Osborn from 

the Blanco, (b) fore- and hindlimbs complete, (c) lower 

jaw with teeth, nearest to Glyptotherium texanum, (d) 

tail armature with eight free osseous rings, three osseous 

rings coalesced in a terminal cone. 

PROBOSCIDEA 

Stegomastodon arizone Gidley, type specimen a young adult, 

nearly complete animal (Nat. Mus. 10707), Cochise 

County, Arizona, found in a bed of greenish brown clay, 

probably a swampy area in the vicinity of a salt lake. Old 

adult skull, jaws, and parts of the skeleton (Nat. Mus. 

OSBORN: THE PROBOSCIDEA 

10556) referred to Stegomastodon arizone found 100 yards 
distant. Curtis Flats locality. 

Anancus bensonensis Gidley, type specimen the greater part 

of the base portion of a skull (Nat. Mus. 10538). Benson 

locality. [=Cordillerion bensonensis.] 

Upprrmost PLioceNE. SuMMARY (GIDLEY, 1922, p. 121, cr. 

1926).—“ The facts that there are here two or three species of true 

horse (Equus [= Plesippus]) and that the rodents are all referable 

to modern genera, some of which are found living in this general 

region, may suggest Pleistocene age. But to offset this evidence 

of a seemingly more modern fauna, the mastodons and glyptodonts 

are of distinctly Pliocene types, and one of the canids, though 

modern in skull and dental modifications, has the type of humerus 

belonging to the Miocene and Pliocene canids, in that the entepi- 
condylar foramen is prominently present. This feature and the 

presence of Hipparion, Pliohippus, and Merycodus, together with 

the fact that the 15 or more species of rodents include no living 
species, constitute rather conclusive evidence of a faunal assemblage 
that is older than Pleistocene.” 

(Gidley, letter, April 18, 1924): “Curtis Flats Locality. We 
[Dr. Kirk Bryan and Dr. J. W. Gidley] are both of the opinion that 

there can be no question of the association of a primitive Equus 

[=Plesippus Matthew] with the Stegomastodon arizone, Glypto- 
therium, ete. The skull came from abut 20 feet higher than did the 

Stegomastodon skeletons of three years ago, but three of the Glypto- 
therium specimens including the one I got this year came from 

practically the same level as the horse skull. There also seems now 

to be no doubt that, although a single geological unit, there is a 

slight difference in age between the beds of the Benson locality and 
the Curtis Flats locality.” 

MATERIALS OF STEGOMASTODON ARIZON® IN NATIONAL 

Musrum.—The type (Nat. Mus. 10707), a relatively young 

animal, consisting of skull, jaws, and greater part of the skeleton, 

now mounted in the United States National Museum (Fig. 634); 

it was discovered in the San Pedro beds, Arizona, associated with 

the remains of Glyptotheriwm arizone. 

Referred old adult male (Nat. Mus. 10556), found about one 

hundred yards distant from the type skeleton on the same geologic 

level; distinguished (1) by subquadrangular tusks, grooved on the 
outer superior surface; (2) by the obliquity of the superior cusps; 

(8) by the deep channel in the symphysis, also by the deep cavity 
and channel in the palate. 

SKELETAL CHARACTERS OF STEGOMASTODON ARIZONA 

The superb type and referred skulls of this animal as de- 

scribed by Gidley were found associated with a nearly complete 

skeleton (Figs. 634, 640) and afford for the first time a com- 

plete knowledge of this remarkable migrant from Asia and west- 
ern Europe in the form in which it reached the semi-arid plains of 
Texas and Arizona. 

This skeleton of the Stegomastodon arizone type (Nat. 

Mus. 10707) was collected for the U.S. National Museum by James 

W. Gidley in 1921 and mounted under his direction in 1922. The 

principal measurements by Gidley are as follows: 
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Mm. 

Total length of skeleton as restored............. 3605 

Height of tallest dorsal spine (D4).............. 425 
Length of presacral column, (mostly restored)..... 2035 

Basal length of skull (condylar notch to extremity 

Oi PREMAK.) Aten meres soe. Fas. uae et 820 

Length of last two dorsals and the three lumbars 

(preserved in articulated sequence).......... 465 

Length of Ist rib (estimated).................... 600 

oD: peace ri Da ATOUNCCULVE) serials x o:s ere’ele 950 

DMM CANIS ap creas 7) cdayshors496 4 theueie a) cite ainaiee 765 
MRS BUNALOOTUIS 9 cry sores Ac cihedle ate are svdiesjo sore 850 

oe PORTAL IIS ect tues satotegars) acs ole hgttamieys inn OBO 

sf “forefoot; (articulated)... ...-.0.en+- > 280 

Total length of forefoot and limb (as mounted).. 2485 

IGIGAPECS UAW IGHOL PELVIS; «sii. » 04 ste wv: mele wey. 1475 
External point of ilium to acetabulum............. 440 

Acetabulum to distal end of ischium............ 345 
Height, top of spine of sacrum to floor.......... 2265 

“top of tallest dorsal spine to floor......... 2420 
Center of acetabulum to ant. border of Ist rib.... 1985 

[LORg ND 017 (TS Ben ioc GOURD areeiae an el: 1010 

SMGRULD Le Sart ater es ecnstats traces. s opsie eiccag Glare’ se 645 
Total length of hindlimb and foot................. 1890 

These measurements are all taken from the actual bones; 

restored bones are eliminated. 
Proportions.—The estimated height of the skeleton at the 

shoulder is 8 ft. 3 in. Recalling the fact that this is a relatively 
young animal, we should expect the adult to attain fully the height 
of 9 ft. shown by the Warren Mastodon skeleton of M. ameri- 
canus. Fortunately the anterior dorsal spines are finely preserved 
opposite the scapule and enable us to estimate the height very 
correctly. Some of the relative measurements of this skeleton and 

that of the Warren Mastodon in the American Museum are 

interesting for comparison: 

Length: 
iBaseror tuske'to drop'of tallies: i Joes P70 on to ce came « 

Moatalelenpthnvorteldunrs.6cce-co-ue [oes aeels hee ean eee uate ee 
. SSE OC NIMGIUS: no Che es ee ee ee. 

se ‘CR Of CErViICAl VELLeDIie. fee se een hes aoa ene 

i ceS+r igh dorsal vertebrae. fee tae ee Oe oe ee 

o CERG APCS TIATNUS! ots oo covet aa mT eee etal eee 

Ra SOLDER ks Bis. syeet sta cass aes ee a ala ete se 

Height: 
Motalbhereht OL SCADA. aaiascciswcrrswies 0's) Sawadlerdaele beetles 

OF Pel VIRLs cwecas'cdetsh oooh Mes repeats “ce “cc 

Estimated height of shoulder... .................. 

“ “ee 

Width: 

Bhotale width: OF pel yideerc: cwsece »<s-is/ara 9-21 eke ele eo moa 

Ol POLWIR ts,-oc.0.5..5 sv srteenqalurey eens igtmeres 3/508 
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SKELETAL CHARACTERS.—Several characters of the Stego- 

mastodon arizone observed by Gidley in the type skeleton are those 

common also to other Proboscidea, namely: (1) The distal cross 

axis of the humerus is twisted inwardly so as to throw the foot in- 

wards; (2) the anterior thoracic ribs opposite the scapule are 

flattened or incurved opposite the junction of the head of the 

humerus and the scapule, thus accommodating themselves to the 

combined expansion for the head of the humerus and distal portion 

of the scapula opposite the scapulo-humeral joint. (3) In skeletal 

proportion the Stegomastodon skeleton is more elephant-like, that is, 
taller and shorter than the excessively long, low-bodied Mastodon 

americanus type. 

SkvuLL Cuaracters.—Special features of the S. arizone type 

skull are the following: (1) A deep channel in the center of the 

mandibular symphysis, also (2) a deep channel and cavity at 

the roof of the palate; (3) the incisive alveoli are widely split 

apart at the base so that the maxille# are excessively broad; (4) 

the tusks are short, very massive, widely split apart at the 

base, but they rapidly incurve so that as in Mastodon and 

Elephas they tend to come together; (5) the tusks are not circu- 

lar in section as in Mastodon, but subquadrangular and grooved on 

the outer superior surface. 
Tyre Grinpinc TeeTH.—The superior and inferior grinding 

teeth of the type specimen (Nat. Mus. 10707), a relatively young 

animal, and those of the referred specimen (Nat. Mus. 10556), 

an elderly adult animal, afford a means of clear and close compari- 
son with various specimens referred to Stegomastodon teranus in a 
collection made in the Blanco by J. W. Gidley in 1899-1901. It 

appears that the type (Nat. Mus. 10707) and the referred skull 

(Nat. Mus. 10556) belong to the same species. They are in the 

seven and a half crested stage, as in Stegomastodon texanus (hexa- 

lophodont mut.) of Osborn, and might be termed heptalophodont 

or seven crested. There is in M; also a rudimentary anterior crest 

(pro-protolophid) forming in front of the protolophid and a rudi- 

mentary crest (?octalophid) forming behind the heptalophid; thus 

the teeth may be described as heptalophodont progressing towards a 

supplementary crest formation both at the front and the back. 

Warren Mastodon 
(Amer. Mus. 9951) 

Stegomastodon arizonz 
Type Skeleton 

(Nat. Mus. 10707) 

4550 mm. (14 ft. ll in.) 3605 (11 ft. 9% in.) 

1060 (right) 1010 
oe 950 (right) 850 
AAS 510 450 (restored) 

1875 1445 (restored in part) 

281 280 
210 (taken from 

Nat. Mus. 10917) 
212 (right) 

ss 900 765 
ee LTLS 1000 (post. end of pub. 

to spine of ilium) 
es 2518 (from base to 

upper tip of scapula) 2520 

2668 2240 

1800 1475 
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The accompanying diagram (Fig. 649) from a pencil sketch by 

Osborn of a referred third right inferior molar, r.M;, of Stego- 

mastodon arizone (Nat. Mus. 10556) exhibits very clearly a seven 

and a half crested stage, as compared with the five and a half 

plus (6+) crested condition of Stegomastodon mirificus. 

NAT. ATUS. /O556 7 INF 

/ : 
Ys nal. Size 

REFERRED THIRD Riagut INFERIOR MOLAR OF STEGOMASTODON 

ARIZON 

Fig. 649. A referred third right inferior molar, r.M3, of Stego- 

mastodon arizone (Nat. Mus. 10556, cast Amer. Mus. 21923), one- 

third natural size. 

This seven and a half crested molar, with double trefoils and 

cement, is highly progressive. Observe that it is somewhat more 

progressive than the S. texanus type (Fig. 642), but less progressive 

than the S. aftoniz type (Fig. 650). 

The reader is referred to the very important second paper of 

Gidley entitled “Fossil Proboscidea and Edentata of the San 

Pedro Valley, Arizona,” U. 8. Geol. Surv., Prof. Paper 140—B, 

published in the year 1926, in which detailed measurements are 

given of several of the members of the remarkable San Pedro 

uppermost Pliocene fauna. 

COMPARISON WITH MASTODON AMERICANUS (GIpLEY, 1926, 

pp. 89, 90). —‘‘In the Indiana specimen [Mastodon americanus] 
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the spine of the first dorsal approaches in height those of the second 

and third, which are equal and the highest of the series. In the 

Arizona specimen [Stegomastodon arizonx| the fourth dorsal spine 

is the highest, the second is next, the third a little shorter, and the 

first still shorter, being relatively much shorter than the cor- 

responding one of the Indiana [true] mastodon.”’ 

“General features of the skeleton as mounted.—In addition to 

the characteristics pointed out in the above detailed description, 

a few features worthy of note are presented in the general skeletal 

structure of Stegomastodon arizonae as restored and mounted. 

The general proportions of the skeleton are in part conjectural. 

However, the length of the back, computed from the few character- 

istic vertebrae preserved, and the definitely known features of the 

skull indicate rather clearly that S. arizonae was relatively higher 

and shorter than Mastodon americanum; both the pelvis and the 

skull are more elephantlike in general form, but the tusks are much 

more divergent than is usual in any proboscidean.”’ 

Besides the type skeleton there are considerable portions of a 

referred skeleton (Nat. Mus. 10556) provisionally referred to 

Stegomastodon arizone; this differs from the type in the following 

respects (Gidley, 1926, p. 90): “‘(1) It represents a larger individual 

(see table of comparative measurements, p. 87); (2) the cheek teeth 

are reduced to a single one (m*) in each jaw; (3) m* [m3], both upper 

and lower, is relatively and actually narrower than that of the type, 

and, although much worn, indicates clearly that the homologous 

lophs are relatively less elevated and the valleys correspondingly 

less open; (4) the tusks are notably larger and less cylindrical, being 

subquadrate in cross section; (5) the symphysis of the lower jaw is 

deeper; and (6) the palate is deeply arched and about twice the 

width of that of the type skull.” 

4. THE PLEISTOCENE HUMBOLDTINE STEGOMASTODON AFTONLE OSBORN, 1924, 

AND THE MORE ANCIENT 8. PRIESTLEYI HAY AND COOK, 1930 

Stegomastodon aftoniz Osborn, 1924 
Figures 580, 650 

Lower Pleistocene, Aftonian of Iowa,! fide Calvin, Shimek, and Hay. 

About two miles east of Akron, Plymouth Co., Iowa. 

The types of this most progressive and geologically recent 

species were described by Calvin (1909, p. 355) and compared with 

Leidy’s Mastodon mirificus; he published (Pl. xxvi) the figure of 

the third right superior molar, r.M*. The locality was a well, 

sunken probably to the Nebraskan drift, in which were found at a 

depth of twenty feet some fragments of tusks, some cranial bones, 

and two grinding teeth which Osborn (1924.634) made the types 

of his new species Stegomastodon aftonix, in reference to the sup- 

posed Aftonian or /st Interglacial age of this progressive species. 

Shimek (Bull. Geol. Soc. Amer., Vol. X XI, pp. 125-127) regarded 

the deposits containing the types as of Aftonian age; this opinion 

was accepted by Hay (1914, p. 377), who refigured one of the type 

teeth, referring it to Rhabdobunus mirificus, and consequently re- 

garding it as establishing the Lower Pleistocene age of Leidy’s 

type of Mastodon mirificus.? Stegomastodon aftonix, however, 

proves to be far more progressive than S. mirificus, as shown in the 

following comparison made by Osborn (1924.634, pp. 3, 4): 

“3. Stegomastodon aftoniex, Osborn’s type of Iowa, M%, seven 

ridge-crests plus well-developed talon; highly labyrintho- 

dont double trefoils on proto-, meta-, trito-, tetarto-, 

and ?pentalophs; hexaloph, two simple, widely separated 

cones; heptaloph, two rudimentary cones closely con- 

joined. Since the inferior molars of Stegomastodon are 

much more progressive than the superior molars, we 

should expect to find M;in the Aftonian stage with nearly 

eight ridge-crests. M3; (?) octalophodont.” 

“2. Stegomastodon arizonae, Gidley’s type of Curtis Flats, Arizona, 

Ms, seven and a half ridge-crests. M3 heptalophodont.” 

“1. Mastodon mirificus, Leidy’s type of Nebraska, six [54+] 

ridge-crests plus a very rudimentary talon; double 

cones and incipient double trefoils on proto-, meta-, trito- 

lophids. Ms; hexalophodont.” 

Osborn does not consider that this geologic age is fully estab- 

lished but regards the specimens themselves as demonstrating the 

probability of their Pleistocene and perhaps Aftonian age; the 

geologic age of the types, however, awaits further verification." 

Stegomastodon aftonix Osborn, 1924. ‘Additional Generic 

and Specific Stages in the Evolution of the Proboscidea.”” Amer. 

'[Determined by Messrs. Lugn and Schultz as of Yarmouth rather than of Aftonian age, that is, Lower to Middle Pleistocene (see footnote on p. 671 

above).—Hditor.] 

*{Lower to Middle Pleistocene age (Lugn and Schultz, 1934.1, p. 372).—Editor.] 
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Mus. Novitates, No. 154, December 24, 1924, p. 3. TYPE. 
“A third right superior molar, r.M* (Univ. Iowa Coll. 213, cast 

Amer. Mus. 2573), and a left superior molar, |.M* (Univ. Iowa Coll. 

22). Horizon anp Locatiry.—‘‘About two miles east of 

Akron, Plymouth County, Iowa, section 33, township 93 north, 

range 48 west, twenty feet below the surface.’’ Lower Pleistocene, 

Aftonian of Iowa, fide Calvin, Shimek, and Hay.! 

Fiaure.—Figure 650 of the present Memoir. 

Catvin (1909, pp. 355, 356).—Calvin’s description of the type 

teeth and figure of the right superior molar, r.M‘, is to be found in 

TYPE 

Mortars OF STEGOMASTODON AFTONL® 

ALL FIGURES ONE-THIRD NATURAL SI’E 

Fig. 650. Type superior molars of Stegomastodon 

aflonix Osborn (Univ. Iowa Coll. 213, 212), discovered about 

two miles east of Akron, Plymouth County, Iowa, section 33, 
township 93 north, range 48 west, twenty feet below the 

surface. After original photographs by Samuel Calvin, 

received through the courtesy of Dr. George F. Kay. 

SUPERIOR TYPE 

A, Crown view of right superior molar, r-M* (Univ. Towa 

Coll. 213, cast Amer. Mus. 2573), originally figured by 

Calvin, 1909, Pl. xxvu, as follows: ‘Grinding surface of the 

last superior right molar of Mammut mirificum Leidy, from 

Aftonian gravel penetrated in digging a well near Akron, 

Towa.”’ It was refigured by Hay, 1914, PI. 1. 

Al, Inner face of same tooth as above, namely, right 

superior molar, r.M® (cf. Hay, 1914, Pl. xvrx, fig. 2). 

B, Crown view of left superior molar, 1.M* (Univ. lowa 

Coll. 212). 

'See footnote 1 on previous page. 
9 . 

*See footnote 2 on previous page. 
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the Bulletin of the Geological Society of America, Vol. 20, 1909, pp. 

355, 356, Pl. 27: ‘Probably the most important of the recent 

additions to our knowledge of the Aftonian mammals comes in the 

form of two molars of Mammut mirificum, or Mastodon mirificus 

Leidy. These teeth were found in Aftonian gravel which was 

penetrated in digging a farm well near Akron, in Plymouth county, 

Iowa. They are well worn down by use, and show the character- 

istic features of this remarkable species unusually well (plate 27). 

The teeth are the last of the upper molar series 

left. 

number of pieces of the cavernous cranial bones. 

maxillary still adheres to the left molar. 

one right, one 

With them were found portions of the tusks and a large 

A part of the 

The left tooth measures 

8% inches [=230 mm., Hay] long and 3% inches wide across the 

second ridge [83 mm.]. The right tooth is slightly smaller, 8% 

inches [=216 mm., Hay] long, and the corresponding widths are 

also somewhat less.” 

Specific CHaracters.—The length of the right tooth (Vig. 

650, A, Al) as measured by Calvin is 216 mm., of the left tooth 

(Fig. 650, B) is 222 mm. by 83 mm. at the second cross-crest. As 

measured by Hay, the length of the left tooth (B) is 230mm. In 

both right and left teeth the ridge-crest formula is M 32%. 

The five anterior crests, proto- to pentalophs inclusive, are more 

complex; the hexaloph consists of two double cones less complex, 

the heptaloph consists of two double cones widely separated, the 

octaloph consists of two rudimentary cones constituting a clearly 

defined talonid in B. The labyrinthine enamel foldings, especially 

of the protoloph to the tetartoloph, reveal double trefoils both 

on the inner and outer cones; consequently the deep infoldings of 

the enamel are quadruple to quintuple, as clearly shown in the 

tetartoloph of B. 

pattern produced by these elaborate and deep enamel foldings. 

The crown as a whole presents a labyrinthine 

The species of Stegomastodon appear to be arranged in ascend- 

ing geologic order as follows: 

PLiocENE, Locauiry (?) 

Stegomastodon chapmani Hays. Ridge-crest formula: M 3 

unknown, single trefoils, slight enamel infoldings. Cones 

alternating. 

Upper Piiocenr, BLanco, Lower LEVELS 

Stegomastodon successor Cope. Ridge-crest formula: M 3 ie 

Pentalophid simple, biconed; hexalophid rudimentary. 

Double trefoils. Elongate, pointed rostrum (Fig. 641). 

Upper PLIocENE? OF NEBRASKA 

Stegomastodon mirificus Leidy. Ridge-crest formula: M3sqsses)- 

Each ridge-crest composed of two main cones divided 

Double trefoils. 

Rostrum of jaw 
by shallow grooves into two conelets. 

Enamel infolded, relatively simple. 

relatively prominent. 

Upper PLIoceNnr, SAN PEDRO 

Stegomastodon arizone Gidley. Ridge-crest formula: M 3 Fy, 

incipient quadruple trefoils, enamel less deeply infolded. 

Upper Piiocenr, BLanco, Mippie anp Uprer Levens 

Stegomastodon Ridge-crest 

M 3 3° quadruple trefoils, enamel infolded. 
teranus Osborn. formula: 

PLEISTOCENE, AFTONIAN(?)! 
> : 9 7¥ 

Stegomastodon aftoni# Osborn. Ridge-crest formula: M 3=%, 

quadruple trefoils, enamel deeply infolded. 
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Stegomastodon priestleyi Hay and Cook, 1930 

Figure 651 

Lower levels of gravel pit near Frederick, Tillman County, Oklahoma. 

The gravel pit, lower levels, belonging to Mr. A. H. Holloman 

near Frederick, Oklahoma, yields material from both the Upper 

Pliocene (e.g., Stegomastodon) and the Lower Pleistocene (e.g., 

Archidiskodon haroldcooki), indicating that the molar type frag- 

ment of Gomphotherium priestleyi is a washout or remanié speci- 

men from an older horizon or survival into the Lower Pleistocene. 

Gomphotherium priestleyi Hay and Cook, 1930. ‘Fossil Verte- 

brates Collected Near, or in Association With, Human Artifacts 

at Localities Near Colorado, Texas; Frederick, Oklahoma; and 

Folsom, New Mexico,” Proc. Colo. Mus. Nat. Hist., Vol. EX, No. 2, 

Oct. 20, 1930, pp. 31, 32. Typn.—(Op. cit., p. 31): “The 

tooth is taken to be the lower right second molar. All that is 

preserved is the large hind talon, the hindmost crest, and the rear 

half of the penultimate crest. There were probably originally three 

crests.” Colo. Mus. 1062. Horizon anv Locauiry.—About 

one mile north of Frederick, Tillman County, Oklahoma, from a 

commercial sand and gravel pit operated by Mr. A. H. Holloman. 

The pit is situated in the top of the highest ridge of the vicinity. 

Tyrr Ficurr.—Op. cit., Hay and Cook, 1930, Pl. xn, figs. 1, 2. 

OSBORN: THE PROBOSCIDEA 

Osborn, 1933: The type is certainly not referable to Gompho- 

therium |= Trilophodon] because of its large double trefoils; it is 

comparable rather to a fragment of a right second inferior molar of 

a member of the Stegomastodon mirificus phylum, retaining the 

third ridge-crest and biconed talonid. 

TYPE OF STEGOMASTODON PRIESTLEYI 

Type second right inferior molar of Gomphotherium priestleyi Hay and 

Cook, 1930, PI. x11, figs. 1, 2. One-half natural size. 

Fig. 651. 

Stegomastodon primitivus sp. nov. 

From northeast of Ainsworth, Nebraska 

For description and figures of this new species, see Appendix 

to the present Volume I. 
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IX. 

Puate X. PHyLoGEeny OF Ma@riTHERIOIDEA, DeiNoTHERIOIDEA, Mastoponroiwra, 1934 
The accompanying key is essentially the same as the list of species appearing on pages 276 to 283. Type descriptions and figures of the new species mentioned in this list, namely, Rhynchotherium browni, Tetralophodon fricki, Pen: talophodon This chart was published in August of 1934 (Osborn, 1934.926, fig. 3). 

‘Anancus properimensis, will be found in the present Memoir. Yor Osborn’s final diagram, see Plate x1 opposite. falconeri, and 

xlon 
Pentalophodon falomen « Pentalophodon salen" 

Anancus falconer{ 
{nancus Grvernensis Anancus perimensis 
Anancus pro} Properimensis sp 

Synconolophus 
Synconolophus dhokpathany, Synconolophus hasot, Synconolophus corrugatus 

eronius, Eubelodon 
Cuvieronius superbug 
Cuvieronius platensis 
Eubelodon morrilli 

Cuvieronius 
Cuvieronius postremus 
Cuvieronius ayore 

Stegomastodon 
Slegomastodon aftoniz 
Stegomastodon arizonz 
Stegomastodon tezanus 
Stegomastodon mirificus 

Cordillerion 
Cordillerion andium 
Cordillerion edensis 

Notiomastodon (Incertz sedis) 

- , a c é Phi . ‘Shovel-tuskers’ XIV. Tetralophodon, Eurasia XVI. Serbelodon, Trobelodon XVIII. Serridentinus serridens Group x 7 Marithersumn BT ocr ora Lar ya este aA 6. Tetralophodon grandincisivus 3. Serbelodon burnhami (Cam Nerricienketus\orecurtor XT, Petal 5. Maritherium andrewsi 12. e roponn Ceci shins 7. Amebelodon (T'ril.) hicksi 5. Tetralophodon punjabiensis 2. Serbelodon barbourensis 5. Serridentinus cimarronis 4 4. Maritherium trigodon 11. Trilop) ph i (EB 6. Amebelodon (Tril.) paladentatus 4, Tetralophodon (Lydekkeria) falconeri 1, Trobelodon taoensis 4. Serridentinus anguirivalis ; 3. Maritherium lyonsi 10. feral ic Ht adie ip Ba PKiamua ostornt 3. Tetralophodon bumiajuensis XVII. Serridentinus productus Group 3. Serridentinus serridens 0 2. Maritherium gracile Tritophodon austro-germanicus Bp eC co 2. Tetralophodon longirostris 8. Serridentinus guatemalensis 2. Serridentinus proavus XXII. Ananey 1, Mariherium anceatrale PL ta fale 2. Piomia swintons 1, Tetralophodon (LydekKeria) sinensis 7. Serridentinus progressus Ti Seqiidenisnilel hirgizneta 4 
an CSoanadans rion islenietere 1. Phiomia minor XV. Tetralophodon, America 6. Serridentinus hasnotensis XIX. Ocalientinus 3 
eee pear Ciena Trilovh odor ee eri 5. Tetralophodon (Morrillia) barbouri 5. Serridentinus productus 5. Ocalientinus (Ser.) florescens 2 4. Deinotherium giganteum A Piincoaimene 4. Tetralophodon brazosius 4. Serridentinus gobiensis 4. Ocalientinus (Ser.) obliquidens 1 
Si Derik reac XI. Trilophodon (Tatabelodon). ‘Oblique- 3. Tetralophodon elegans 3. Serridentinus metachinjiensis 3. Ocalientinus (Ser.) floridanus 3. Deinotherium hungaricum SO MCLE: 2 2 2. Tetralophodon campester 2. Serridentinus prochinjie 2; Ocalientinus (Ser.)republicanus XXIV. 

Rhy re eatin oe 8 Trilophodon giganteus 1. Tetralophodon fricki sp. nov. 1. Serridentinus sublapiroideus 1. Ocalientinus ojocalie Nis ; 3. SR  pacoer ft Teabioden tga XX. Seridntinua brownt Group ; 4. Rhynchotherium shepardi edense 6. Trilophodon (Tatabelodon) gregorii Bile Sexrsdenitentia Brows 1 
3. Rhynchotherium browni sp. nov 5. Trilophodon (Tatabelodon) 2. Serridentinus mongoliensis Eish: 2. Rhynchotherium tlascale riograndensis 5 1. Serridentinus annectens XXV Cui 1. Rhynchotherium spenceri XII. Trilophodon, Phiomia. ‘Prod-tuskers XXI. Platybelodon 7 

Blickotherium 9. Trilophodon (Megabelodon) lulli St /Platybelodon barnumBrowns 5 
2. Blickotherium blicki 8. Trilophodon abeli ‘ 2. Platybelodon grangeri 1 1, Blickotherium euhypodon 7. Trilophodon pojoaquensis 1. Platybelodon danovi Aybelodon 6. Trilophodon (Genomastodon) XXVI. 3. Aybelodon hondurensis osborni 

Zygolophodon 5. Trilophodon cruziensis 
5. Zygolophodon borsoni Trilophodon fricki 

Turicius en 6. Turicius wahtheimensis 
* 

5. Turicius virgatidens 
4 

4. Turicius atticus 
3. 3. Turicius turicensis 2. 2. Turicius simorrensis 1 1. Turicius lapiroides 

Mastodon, Miomastodon, Paleo- SSRs mastodon x} de 6. Mastodon americanus as “ 4. Miomastodon merriami & 
3. Palxomastodon beadnelli 
2. Palzomastodon intermedius ) XXIx 1. Paleomastodon parvus SS lA 2 Pliomastodon 
5. Pliomastodon verillarius 

Restorations by MFLinscH 

a 
as EEE Pe Moerithe 

[MIOCENE JOLIGOCENE[UPPER EOCENE| 
Adaptive Radiation of Tuenty-Nine 
MoeERITHERIOIDEA DEINOTHERIOIDEA 

JUPPER EOCENE|OLIGOCENE| 

Generic Phyla of Proboscidea 
MASTODONTOIDEA 

————————n’ 

MIOCENE 

Notlomastodon 

Cordillerion. 

PLIOCENE _ PLEISTOCENE 
Orauin. by ABROWN 1934 

OsBorn 1934 

1 

ZOUPSOIOON 

Notiomastodon ornatus 
Notiomastodon argentinus 
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APPENDIX TO VOLUME I 

ADAPTIVE RADIATION OF THE MASTODONTOIDEA AS 
DISCOVERED AND ANALYZED UP TO AND INCLUDING THE YEAR 1935 
SEPARATION OF THE CLASSIC GENUS MASTODON INTO FOUR FAMILIES, FIFTEEN SUBFAMILIES, AND THIRTY-ONE 

GENERA. GENERIC CLASSIFICATION BY PROGRESSIVE DIVERGENT ADAPTATIONS IN THE GRINDING TEETH AND THE 
TUSKS. FAMILY CLASSIFICATION BY FUNDAMENTAL PATTERN, PRIMITIVE AND PROGRESSIVE, OF GRINDING TEETH. 
SUBFAMILY CLASSIFICATION BY ELONGATION OR ABBREVIATION OF THE MANDIBLE AND DIVERGENT ADAPTATIONS 
OF THE INFERIOR INCISORS. NEW OR INCOMPLETELY DESCRIBED FAMILIES, SUBFAMILIES, GENERA, AND SPECIES TO 
1935 INCLUSIVE. FINAL SUMMARY AND CLASSIFICATION OF KNOWN GENERA AND SPECIES IN PHYLOGENETIC 
ORDER. GEOLOGIC AND FAUNISTIC SUCCESSION OF THE PROBOSCIDEANS IN MIOCENE, PLIOCENE, AND 
PLEISTOCENE TIMES, WITH CHARTS. 

Grnera.—The most revolutionary general result is the adaptive radiation of the genus Mastodon, as under- 
stood by Cuvier, Darwin, and other eminent zoologists even up to the present time, into four families embracing 
Jifteen subfamilies, which in turn embrace thirty or more genera! This astounding expansion of the Cuvier-Darwin 
genus Mastodon is the result of three lines of research and exploration: 

First, of our more intensive study and analysis of the classic types of mastodonts reviewed in the British 
Museum Catalogue of 1886 by Richard Lydekker, the last representative of the old conservative school of pala- 

ontologists. 

Second, of our more extended knowledge of species and genera known only by their grinding teeth, as analyzed 

by Hugh Falconer prior to our modern recognition of the all-pervading principles of parallelism and convergence. 

Third, of the world-wide and intensive exploration in the continental masses of Africa, Eurasia, and North 

and South America, leading to the discovery of the Fayim fauna of Egypt, to new explorations in the Siwaliks 

of India, to epoch-making discoveries in the central Gobi Desert of Mongolia, to unheralded new proboscideans 

found in the Miocene to Pleistocene Tertiaries of North America. 

A genus like Cuvier’s Mastodon may long be known by a single species to which in time may be added a 

Pliocene phase (e. g., Pliomastodon) and then a Miocene phase (e. g., Miomastodon) with the certainty that an 

Eocene phase in time will be discovered. Another genus, the shovel-tusker Amebelodon, by a prolonged period 

of research and exploration has been traced back (Pls. v, v1) to its remote but absolutely direct Oligocene 

ancestor Phiomia. 

The two classic genera of South America, Cordillerion and Cuvieronius, were long associated simply because 

of their occurrence together in the South American continent but are now found to be absolutely distinet, Cordil- 

lerion tracing its descent to direct ancestors in California, while recent exploration has not only revealed primitive 

forms of Cuvieronius in Ecuador but its more remote ancestor Eubelodon in Nebraska. We may be certain that 

at some future time we may trace this last-named form back to northern or central Asia and ultimately perhaps 

to Africa. Of Humboldtine family relationship is Stegomastodon of which we are still without knowledge concern- 

ing its Asiatic and possibly African forbears. Still more isolated is the recently recognized Notiomastodon 

which is unquestionably related to the Serridentines of Eurasia and widely remote from either the Cuvieronius 

or Cordillerion stocks. 
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The classic Trilophodon angustidens of the Middle Miocene of France is now traced to the Trilophodon 

angustidens libycus of North Africa through the very primitive Trilophodon pontileviensis of the Lower Miocene 

of France and T'rilophodon cooperi of the Lower Miocene of Baluchistan with great progeny of eighteen species in 

Eurasia and seventeen species in America differentiated into 4-5 subgeneric groups in which the grinding tooth 

pattern remains relatively the same with parallel evolution and complication of the ridge-crests and divergent 

adaptations of the inferior incisors. T'rilophodon is thus the most thoroughly known as to specifie differentiation 

of any genus; given time, each of the subgeneric branches would obtain generic rank. T'rilophodon is a polyphy- 

letic genus in contrast to such monophyletic genera as Deinotherium and Amebelodon. A genus, accordingly, 

may be monophyletic or polyphyletic. 

The separation of one genus from another in different subfamilies is an expression of the length of geologic 

time elapsing since the primitive divergence from a common stock, as, for example, the divergence from the funda- 

mental pattern in the third superior molar of Gnathabelodon thorpei as contrasted with a separate divergence from 

that pattern in the third superior molar of Megabelodon lulli. It is the recognition of these varied degrees of more 

or less wide divergence in one or more organs which forms the basis of the generic phylogeny of the Mastodontoidea. 

Redefined by closer analysis of Due to more extended knowledge Due to discovery of entirely 
classic forms of classic forms new forms 

Mastodon Cuvier Miomastodon Osborn Palzomastodon Andrews 
Trilophodon Falconer Pliomastodon Osborn Blickotherium Frick 
Tetralophodon Falconer Rhynchotheriuwm Falconer Aypbelodon Frick 
Zygolophodon Vacek Stegomastodon Pohlig Megabelodon Barbour 
Turicius Osborn Phiomia Andrews and Beadnell 
Stegolophodon Schlesinger Amebelodon Barbour 
Cordillerion Osborn Gnathabelodon Barbour and Sternberg 
Anancus Aymard Morrillia Osborn 
Pentalophodon Falconer Synconolophus Osborn 
Cuvieronius Osborn Eubelodon Barbour 
Serridentinus Osborn Ocalientinus Frick 

Trobelodon Frick 
Serbelodon Frick 
Platybelodon Borissiak 
Torynobelodon Barbour 
Notiomastodon Cabrera 

Famities.—The four families of MASTODONTOIDEA shown in the classifications above and below stand 

apart very widely; their adaptive radiation probably dates back to Eocene time. Certain generic phyla embraced 

within them extend far back in the history of the Mastodontoidea, e. g., the adaptive separation of the 

Mastodontide and the Bunomastodontide. 

The MASTODONTIDA, typified by the grinders of Mastodon, are transversely crested (lophodont); the 

four primary cones are transversely extended and divided into conelets (2-4—8-16-32) ; the valleys remain open; 

the progressively acute superior and inferior crests interlock for a cutting or chopping action; trefoil spurs are 

rudimentary or wanting. The Mastodontide divide into four subfamilies separated by different stages in 

the binary fission of the grinders and united by the progressive abbreviation of the mandible terminating in 

rounded or rodlike lower incisors. 

The BUNOMASTODONTID develop a crushing and grinding molar with valleys progressively closed by 

‘central conules’ and mesotrefoil spurs which invariably spring from the median (meso-) conelets. This is a grind- 

ing rather than cutting molar. ‘Central conules’ are invariably separate in primitive stages (Phiomia) and unite 

as trefoils or multiply by fission. The seven subfamilies of the Bunomastodontide are united by similar 
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primitive molar patterns with ‘central conules’ and single mesotrefoils which progressively double in final stages. 

It is thus very difficult to distinguish genera within these subfamilies by the grinding teeth only. 

The HUMBOLDTID& are distinguished by extreme complication and plication of single, double, and multiple 

trefoils; ‘central conules’ present (Cuvieronius postremus); a highly perfected hyperptychodont grinding tooth 

evolves adapted to a rotary motion in the comminution of food. 

The SERRIDENTID& are readily distinguished from the BUNOMASTODONTID by the fact that the trefoil 

spurs arise from the ectoconelets in the lower molars and from the entoconelets in the upper molars; thus, as 

the trefoil spurs become more and more prominent, the adjacent mesoconelet tends to disappear; the crests by 

binary fission divide into 4-8 conelets; there are no central conules. The center of the valleys remains open. 

The Serridentide include three subfamilies united by this highly distinctive molar pattern, but widely sepa- 

rated by the divergent adaptations of the jaws into such extremely dissimilar forms as the medium-jawed 

Serridentinus, the long-jawed flat-tusker Platybelodon, and the short-jawed Notiomastodon. 

Fig. 652. Molar diagrams showing typical crown pattern of Ms of each of the four families (geologic range, Oligocene to late Pleistocene) of the Masto- 

dontoidea. All figures reduced to a uniform one-half scale. 

MAstopontTip2&: A, Mastodon americanus ref. (Amer. Mus. 14294), from Fulton, Indiana. Ridge-crests 4%; distinct median sulcus. Pleistocene. 

See figure 134 B of the present Memoir. 

BunomastopontTip#: B, Trilophodon palxindicus type (Ind. Mus. A.426; cast Amer. Mus. 9905), from northern Punjab, India. Ridge-crests 4‘; 

prominent central conules. Middle Miocene. See figure 211 of the present Memoir. 

Houmpouprip®: C, Cuvieronius superbus ref. (Buenos Aires Mus. 44; cast Amer. Mus. 27796). Ridge-crests 44+, double trefoils; highly 

plicated. Probably Upper Pleistocene. See figure 672 of the present Memoir. 

SERRIDENTID: D, Serridentinus productus ref. (Amer. Mus. 10582), from the Clarendon beds of Texas. Ridge-crests 445; serrated crests or 

spurs springing from the ectoconelets. Lower Pliocene. See figure 369 C of the present Memoir. 
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SUBFAMILIES.—Within the four families as herein defined the fifteen subfamilies are distinguished by: (1) 
Divergent or parallel adaptations of the incisive tusks correlated with the lengthening, broadening, or shortening 
of the jaw; (2) divergent adaptations of the molar crowns to cutting, crushing, or grinding functions: (3) 
more or less progressive evolution of similar adaptations in the grinding teeth, e.g., ecto- and entotrefoils in the 
SERRIDENTIDA. 

Accordingly the fifteen subfamilies are clearly distinguishable as follows: 

SUBORDER FAMILIES SUBFAMILIES 

1. PALZOMASTODONTIN®, proto-mastodont, medium jawed, 
molars hexabunodont, closing sulcus. Lower incisors 
rounded, ?rodlike. Three cones on each crest. 

2. MAsToponTIN&, typical mastodonts, short jawed, molar crowns 
MASTODONTIDA with median sulcus. Lower incisors reduced, rodlike. 
Lophodont, binary fis- | Four conelets on each crest. 

sion of cones into conelets. | 3. ZyGOLOPHODONTIN®, sharply lophodont, suleus disappearing, 
Molars cutting. conelets numerous. Lower incisors rounded, rodlike. Four 

to twenty-five conelets on each crest. 
4. SreGoOLOPHODONTIN®, molars sub-stegodont, multiple rounded 

conelets, connate at base. Lower incisors undiscovered. 

( 5. RuyNcHorostrin#, jaws relatively abbreviated, beaked. In- 
cisive tusks upturned, with enamel. Molars narrow, 

6. LoNGIROsTRIN#, extremely long jawed, incisive tusks rounded, 
oval or laterally compressed. 

MASTODONTOIDEA 7. GNATHABELODONTIN®, broad, tuskless mandibular symphysis. 
= genus ‘Mastodon’ of Cuvier | BUNOMASTODONTIDA&S Lower incisors absent. Molars very broad. 

and Darwin Bunoptychodont. ‘Cen- | 8. AMEBELODONTIN#, typical shovel-tuskers. Incisive tusks elon- 
tral conules’ and meso- { gate, flattened, and dominant. Molars narrow. 
trefoil spurs. Molars pro- 9, TETRALOPHODONTIN®, jaws elongated, four crested ‘intermedi- 
gressively crushing. ate molars,’ Dp4, M1, M2. 

|10. Nororosrrin&, short jawed, lower incisors wanting; enamel 
band in subspiral curve. Molars narrow. 

11. Brevrrostrin&, short jawed, lower incisors wanting. Molars 
narrow. 

HUMBOLDTIDA = {12. Humpoiprin&, jaws abbreviated, tuskless. Superior incisors 
Hyperptychodont. Mo- rounded, upeurved. 

lars grinding. 
13. SeRRIDENTIN#, jaws elongated, incisors oval. Molars with 

es = = outer and inner cutting crest spurs. 
SERRIDEN MDA }14, PLaryBELODONTIN&, typical flat-tuskers. Lower incisive tusks 
Serrate-crested by ecto- greatly broadened and flattened with central rod-cones. conelet spurs. 

. NorioMasTopontin&, short jawed, inferior incisors wanting, 
superior incisors down- and out-turned with broad enamel 
band. Inferior molars with prominent serrated ridges. 

GENUS: MASTODON OF CUVIER AND DARWIN—MASTODONTOIDEA OF THIS MEMOIR 

PHYLOGENETIC REGROUPING OF THE MASTODONTOIDEA INTO Four FAMILIES, FIrrTEEN SUBFAMILIES, 

AND THIRTY-ONE eee 

SuBorRDER: MASTODONTOIDEA 

I. Fam.: MASTODONTID, ‘lophodont mastodonts’ of Eurasia and North America. 

SUBFAM.: PALAOMASTODONTIN&, ‘proto-mastodonts’ of North Africa. 

GENUS: Palzxomastodon, ‘ancient mastodon’ of North Africa, Eocene-Oligocene. 
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SuBraM.: MAsTopoNTIN”#, ‘typical mastodontines’ of Eurasia and North America. 

GENERA: Miomastodon, ‘Miocene mastodon’ of Eurasia and North America. 

Pliomastodon, ‘Pliocene mastodon’ of Eurasia and North America. 

Mastodon, ‘typical mastodon’ of Eurasiatic and North American forests. 

SuprAm.: ZYGOLOPHODONTIN®, ‘yoke-crested mastodonts’ of Eurasia, not reaching North 

America. 

GENERA: Zygolophodon, typical ‘yoke-crested mastodont’ of Eurasiatie Miocene to Pleis- 

tocene. 

Turicius, sharp-crested ‘Zurich mastodont’ of the European Miocene and 

Pliocene. 

SuBFAM.: STEGOLOPHODONTIN®, ‘pro-stegodonts’ of eastern and southern Eurasia. 

Genus: Stegolophodon, ‘roof-crested pro-stegodont’ parallel and collateral in evolution 

with the true Stegodon of eastern and southern Eurasia. 

II. Fam.: BUNOMASTODONTIDA, ‘cone-crested bunomastodonts’ of Africa, Eurasia, and North 

and South America. 

SuBFAM.: RHYNCHOROSTRIN®, ‘beak-jawed mastodonts’ of North Africa, India, North and 

Central America. 

GENERA: Rhynchotherium, typical ‘beak-jawed rhynchorostrine’ of Falconer. Western 

North America: Oregon to Mexico. 

Blickotheriwm, ‘slender-jawed rhynchorostrine’ of Nebraska, Mexico, and Hon- 

duras. 

Aybelodon, ‘slender-tusked (enamel-less) rhynchorostrine’ of Honduras. 

SuBraM.: LONGIROSTRIN®, ‘long-jawed bunomastodonts’ of Eurasia and North America. 

GENERA: Trilophodon, ‘three-crested longirostrine’ of Eurasia and North America. 

Megabelodon, ‘slender-jawed hyperlongirostrine.’ 

SUBFAM.: GNATHABELODONTIN®, ‘shovel-jawed longirostrines’ of Barbour and Sternberg. 

GENus: Gnathabelodon, typical ‘shovel-jawed longirostrine’ of Barbour and Sternberg. 

SuBFAM.: AMEBELODONTIN#, typical ‘shovel-tuskers’ of North Africa and central United 

States. 

GENERA: Phiomia, ancestral ‘Fayim shovel-tusker’ of North Africa. 

Amebelodon, typical ‘shovel-tusker’ of Nebraska. 

SUBFAM.: TETRALOPHODONTIN«, ‘four-crested medilongirostrines’ of Falconer. 

GENERA: Tetralophodon, typical ‘four-crested medilongirostrine’ of Falconer. 

Morrillia, ‘four-crested medilongirostrine’ of the Nebraskan Pleistocene. 

SuBFAM.: NOTOROSTRIN#, typical ‘Andean notorostrines’ of southern United States and South 

America. 

Genus: Cordillerion, Cuvier’s ‘Andean mastodon’ of the Cordilleras. 

SuBFAM.: BREvIROSTRIN®!, Aymard’s ‘short-jawed brevirostrines’ of Eurasia. 

GENERA: Anancus, ‘straight-tusked brevirostrine’ of southern Eurasia. 

Pentalophodon, Falconer’s ‘five-crested straight-tusker’ of the Siwaliks. 

Synconolophus, Osborn’s ‘syncone-crested brevirostrine’ of the Siwaliks. 
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III. Fam.: HUMBOLDTID#, ‘Humboldtine mastodonts’ of southern United States and South 
America. 

SupraM.: HumsBoiprinm, ‘hyperptychoid Humboldtine mastodonts’ of southern United 
States and South America. 

GreNERA: Eubelodon, Barbour’s ‘ancestral Humboldtine mastodont’ of Nebraska. 
Cuvieronius, typical ‘Humboldtine mastodont’ of the Pampean and Andean 

regions of South America. 

Stegomastodon, Pohlig’s ‘roof-toothed Humboldtine mastodont’ of the south- 

western United States. 

IV. FaM.: SERRIDENTIDA, ‘serrate-crested medilongirostrines’ of Eurasia, North and South 
America. ' 

SUBFAM.: SERRIDENTIN#, ‘serrate-crested serridentines’ of North and South America. 

GENERA: Serridentinus, typical ‘serrate-toothed serridentine’ of Eurasia and North 

America. 

Ocalientinus, Frick’s ‘multiserrate-crested serridentine’ of the United States and 

Mongolia. 

Serbelodon, Frick’s ‘sub-shovel-tusked serridentine’ of New Mexico. 

Trobelodon, Frick’s ‘brevidentate serridentine’ of New Mexico. 

SUBFAM.: PLATYBELODONTIN®, Borissiak’s ‘flat-tusked serridentine’ of Eurasia and North 

America. 

GENERA: Platybelodon, Borissiak’s typical ‘flat-tusker’ of Mongolia. 

Torynobelodon, Barbour’s ‘dredge-tusker’ of Nebraska. 

SuBFAM.: NOTIOMASTODONTIN&, ‘short-jawed serridentines’ of South America. 

Genus: Notiomastodon, Cabrera’s ‘short-jawed serridentine’ of the Pampean. J 

NEW SUBFAMILIES, GENERA, AND SPECIES 

In course of the text of Volume I several new terms are introduced without definition; these may now be 

defined. 

Famity: MASTODONTID# Girard, 1852 

Andrews placed Palxomastodon in a new family, Paleomastodontide. Matsumoto went to an opposite 

extreme in considering Palzxomastodon the direct ancestor of Mastodon. Osborn (present Vol. I, p. 143) removes 

it from the Mastodontine and places it in a separate subfamily Palesomastodontine, defined as follows: 

PALZOMASTODONTIN~ subfam. nov. 

(1) Typified by three ascending species (Palzomastodon parvus, P. intermedius, P. beadnelli) progressive in 

size and in evolution of molars from tetrabunodont cones (P. parvus) to hexabunodont cones (P. intermedius and 

P. beadnelli). (2) Mandibular symphysis relatively short as compared with Phiomia (Fig. 90, p. 142). (3) In- 

ferior incisive tusks rounded and relatively abbreviated as compared with flattened, elongated incisive tusks of 

Phiomia. (4) Molars exhibiting central conules; trefoils rudimentary or absent; transversely bunolophoid, 
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transverse valleys sharply defined as in the Mastodontine. (5) Proportions relatively broad, of bunolophodont 

rather than of bunomastodont type. (6) Intermediate proto- and metaconules progressively developing (Fig. 93, 

p. 145) to perfect the transverse crests, thus closing the median longitudinal sulcus which is characteristic of 

all the Mastodontine (PI. 1, pp. 134-135). (7) Habits probably forest loving with transversely secant molar 

crests for cutting herbage rather than with river- and swamp-loving adaptations of Phiomza. 

NEW MASTODONTINZ 

Despite the extreme rarity of the remains of forest-loving and browsing mastodonts, exemplified by the 

rarity of Palzomastodon as compared with Phiomia in the Faytim deposits, several discoveries of isolated grind- 

ing teeth have been made in the Tertiary deposits of Europe and North America which are now recognized as 

belonging to successors of still unknown true Mastodontine of Africa and ancestors of the true Mastodontine of 

North America. These most welcome stages in the great phylogenetic tree of the Mastodontoidea include the 

following in order of succession: 

Miomastodon depereti sp. nov., extremely primitive, Lower Miocene Sables de |’Orléanais, France, represented 

by a single third superior molar, four crested. 

Miomastodon merriami Osborn, 1921, Humboldt Co., Nevada, somewhat more progressive than M. depereti 

(see p. 154). 

Miomastodon tapiroides americanus Schlesinger, 1922, with intermediate grinding structure between Mzo- 

mastodon depereti and M. merriami (see p. 156). 

Pliomastodon sellardsi Simpson, 1930, Brewster, Polk Co., Florida, represented by an inferior mandible 

(see p. 160). 

Pliomastodon americanus praetypica Schlesinger, 1919, 1922, Middle Pliocene of Hungary and Austria, 

represented by a number of superior and inferior molars (see p. 159). 

Pliomastodon vezillarius Matthew, 1930, Fresno Co., California (see p. 161). 

Mastodon pavlowi sp. nov., Podolia, Russia, represented by superior and inferior molars. 

Mastodon grangeri Barbour, 1934, Thurston Co., Nebraska, Pleistocene of North America, distinguished by 

very long, straight superior tusks. 

Mastodon acutidens sp. nov., Pleistocene of Rochester, Indiana, distinguished by the extremely acute or 

sharpened transverse crests. 

Each of the above generic and specific stages may be distinguished (1) by the progressive simplification of the 

superior tusks in the loss of the enamel band and (2) by the progressive complication of the grinding teeth through 

binary fission of the cones into conelets and the addition of a small tetartoloph to the superior molars and a small 

pentalophid to the inferior molars. Further monographic research on these very rare molars of the true Masto- 

dontinz of western Eurasia will doubtless reveal an orderly succession of stages in the binary fission of the cones 

into conelets. 
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DESCRIPTION OF NEW SPECIES OF MASTODONTINA 

Miomastodon depereti sp. nov. 

Figures 138, 230, and 653, also Pl. 1, B 

Typre.—Third superior molar of the left side, 1.M®, in the 
Paris Museum. Horizon anp Locatiry.—Lower Miocene of 
Chevilly, Sables de l’Orléanais, France. Type Ficgure.— 
Mayet, 1908, Pl. vu, fig. 3. See Osborn’s figure 138A (p. 196), 
also Plate 1, B (between pp. 134-135), figure 230D! (p. 284), and 
figure 653 herewith. Type Description.—This type 
left third superior molar, 1.M‘, is designated by Mayet (1908) in 
the legend of his Pl. vu, fig. 3, as follows: ‘3.—Mastodon angus- 
tidens. Chevilly (sabliére Cassegrain, au Glorieux, aofit 1877). 
Derniére molaire supérieure gauche. Paris, Muséum. Grandeur 
naturelle.” Its measurements are: 129 mm. x 65 mm. Mayet 
(1908) regarded it as referable to Mastodon |=Trilophodon| 
angustidens. 

OsBorN’s OBSERVATIONS, 1935.—Osborn observes that this type 
tooth (1) entirely lacks the distinctive bunomastodont characters 

Miomastodon depereti Type Paris Mus. 

(6) The Miomastodon depereti type 1.M® (Pl. 1, B) exhibits only 
fourteen cones and conelets; the more progressive Pliomastodon 
praetypica of the Pliocene of Hungary (PI. 1, C, D, H) exhibits sizr- 
teen conelets in the third superior molars and nineteen conelets in 
the 4% crested third inferior molars. 

Speciric CHAaracters.—(1) Third superior molars with internal 
and external cones separated by deep longitudinal median sulcus; 

(2) transverse valleys widely open by absence of ‘central conules’ 
which are very conspicuous in the contemporary Lower Miocene 
molars of Trilophodon pontileviensis (Fig. 230, A, B, C, p. 284); 

(3) protoloph consisting of two large undivided cones, metaloph 

consisting of one external cone and two internal conelets, trito- 

and tetartolophs consisting of four conelets, tetartoloph very 
narrow, pentaloph a rudimentary talon in comparison with type 

and referred Pliomastodon praetypica (see Pl. 1, C and H, pp. 

134-135) in which a rudimentary pentaloph exhibits three to five 

conelets; also in comparison with Mastodon pavlowi type M® (PI. 1, 

Miomastodon merriami Type Col. Mus. 92 

Fig. 653. Types of Miomastodon depereti, Lower Miocene of Chevilly, Sables de l’Orléanais, France, and Miomastodon merriami, Middle Miocene of Nevada, 

Virgin Valley formation. All figures seven-sixteenths natural size. 

A, Type of Miomastodon depereti, 1.M*, retouched, after Mayet, 1908, Pl. vu, fig. 3. 

A 1, Diagram of the same, exhibiting four ridge-crests and a talon, containing altogether fourteen oval or rounded cones and conelets divided by median 
sulcus. 

B, Type of Miomastodon merriami, r.M3 (Colo. Mus. 92), reversed, exhibiting 4-5 ridge-crests, the latter displaying two cones, altogether eighteen cone- 

lets. Compare Fig. 89, p. 141, this Memoir. 

of Trilophodon, namely, the central conules and trefoils, (2) that it 

corresponds with a third left superior molar, 1.M*, of one of the 

true Mastodontine. In honor of the late Charles Depéret, the 

name Miomastodon depereti may be applied. (3) As depicted in 

Osborn’s new type figure (Pl. 1, B) this four-crested molar corre- 
sponds in the structure of its cones and conelets with a theoretic 

ancestral stage of the true Mastodon americanus; (4) the nearest 

resemblance to this stage is that of the Miomastodon merriami 

type (Figs. 89 and 98B, also Fig. 653 herewith) of the Middle 

Miocene of Nevada, alike distinguished by retarded fission of 

cones and conelets in proto- and metalophids, and progressive fis- 

sion in trito- and tetartolophids into four conelets. (5) Thus the 

Miomastodon depereti type molar from the Lower Miocene Bur- 

digalian of France appears directly ancestral to the Middle Miocene 
Miomastodon merriami of the Virgin Valley horizon of Nevada. 

I) in which the pentaloph exhibits five conelets. (4) The Miocene 

Miomastodon depereti type stage is tetralophoid with rudimentary 

pentaloph, very primitive, in comparison with the Pliocene Plio- 

mastodon praetypica and the Pleistocene Mastodon pavlowt. 

COMPARISON OF MIOMASTODON DEPERETI AND M. MERRIAMI 

Typres.—Miomastodon merriami is more progressive than M. 

depereti in the presence of the following characters: (1) Two cones 

on the tetartolophid; (2) the slightly more advanced binary 

fission in the proto- and metalophids; (3) the decidedly more 

progressive binary fission of the trito- and tetartolophids; (4) 

the four lophs are more sharp and prominent. In brief, the type 
of M. merriami of Colorado confirms our reference of M. depereti 

to the Mastodontinw, and exhibits a stage in the direction of 

Pliomastodon and Mastodon in which the binary fission of each 

crest into four conelets is consummated. 

'Miomastodon depereti type is erroneously given as an |.M3 in the legend to this illustration. 
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Generically Miomastodon depereti of the Lower Miocene is 

distinguished from the contemporary Zygolophodon pyrenaicus 

(Pl. 1, B) by (a) the depth of the median sulcus, by (b) the re- 

tarded aristogenesis of the conelets. Thus: 

Genus: Miomastodon 

1. Retarded binary fission of cones and conelets in 

proto- and metalophs. 

2. Conelets never exceeding four in each loph or 

transverse ridge-crest. 

3. Persistence of deep median sulcus. 

OSBORN: THE PROBOSCIDEA 

Genus: Zygolophodon 

1. Accelerated binary fission of cones and conelets. 

2. Four primitive conelets in each transverse ridge- 

crest, progressive from four to six in each crest. 

3. Disappearance of deep median sulcus. 

Generic Staces.—The characters of the generic and specific 

stages of Miomastodon and Pliomastodon, as defined and distin- 

guished in Chapter VI (pp. 138-142, 150-164), as well as the Eur- 

asiatie species of Mastodon pavlow?, may now be clarified and am- 

plified in ascending geologic order, as follows: 

RETARDED BINARY FISSION OF CONES INTO CONELETS IN THE MASTODONTINA (SEE PLATE 1) 

Pleistocene Mastodon acutidens sp. noy. Second and third superior molars, second and third inferior molars: 

Binary fission incipient; each main cone tends to be doubly divided, but this is obscured by 

the secondary production of numerous conelets of varying numbers. 

Pleistocene of Central 

Eurasia 

Mastodon pavlowi sp. nov., Pestehana, Podolia, Russia. 

nine conelets; binary fission incomplete. 

conelets; binary fission complete. 

Second superior molar trilophoid with 

Third superior molar pentalophoid with twenty-one 

Third inferior molar with twenty-five conelets (pentalo- 

phoid); binary fission complete. 

Pliocene of Hungary 

and Austria 

Pliomastodon praetypica Schlesinger, 1922, Hungary and Austria. 

lophoid with twelve conelets; binary fission complete. Third superior molar pentalophoid with 

Second superior molar tri- 

sixteen conelets in the four anterior crests and an indeterminate number in the pentaloph; 

binary fission complete. Second inferior molar trilophoid with twelve conelets; binary fission 

complete. Third inferior molar pentalophoid with nineteen conelets; binary fission complete. 

Lower Miocene of France Miomastodon depereti sp. nov. Third superior molar tetralophoid (pentaloph a rudimentary talon) 

with fourteen cones and conelets; binary fission incipient. 

Mastodon pavlowi sp. nov. 

Figure 654, also Pl. 1, G and I, 

Tyre.—First, second, and third superior molars of the right 

side 7m situ, r.M*%, second and third superior molars and third 

inferior molar of the left side, 1.M?*, 1.M;. Geological Cabinet 

of the University of Moscow. Horizon AND Locauiry.— 

Pestchana, Podolia, Russia. Pleistocene. Typr Ficgurn.— 

Pavlow, 1894.1, Pl. 1, figs. 1, 2, and 3 (see Pl.1, G and I, also Fig. 

654 of the present Memoir). 

It is a pleasure to dedicate to the eminent Russian palzon- 

tologist, Dr. Marie Pavlow, the Pleistocene stage of the Russian 

Mastodon which in her admirable memoir of 1894 ‘Les Masto- 

dontes de la Russie et leurs Rapports avec les Mastodontes des 

Autres Pays,” she referred to Mastodon ohioticus with the following 

description and measurements (op. cit., pp. 8-12): 

“Mastodon Ohioticus Cuy. Pl. 1. Pl. m1, fig. 2. Ce qu’il y a de 

plus précieux dans ces restes fossiles de Mastodon envoyés en 

partie par Mr. Obleoukhow et apportés par Mr. Kislakovsky du 

gouvernement de Kamenez-Podolsk, district de Balta, village 

Pestchana, c’est, sauf leur position géologique bien determinée, 

leur appartenance incontestable au méme individu. Ils sont 

représentés par la dentition presque compléte des machoires 

supérieures et inférieures, sauf les défenses qui manquent, et par 
quelques os du squelette.” 

“Les trois molaires supérieures droites (PI. 1, fig. 1) se trouvent en 

place dans la machoire et nous donnent ainsi la possibilité d’étre 

sirs de leur position naturelle chez l’animal vivant. Elles nous 

permettent d’un autre cdté de ranger les dents isolées de la 

TYPE SUPERIOR MOLARS OF MASTODON PAVLOWI SP. NOV. 

Fig. 654. First, second, and third superior molars of the right side, r.M*%, 

of ‘Mastodon ohioticus Cuv.’’ Pestchana, Podolia, Russia. After Pavlow, 

1894, Pl. 1, fig. 1. Geological Cabinet of the University of Moscow. Four- 
thirteenths natural size. 
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machoire gauche dans l’ordre, correspondant 4 celui du cété 
droit.” 

“La machoire supérieure droite, renfermant les trois molaires, 

est longue de 37 cm. sur son c6té externe arrondi, renfermant les 

dents; sa partie supérieure est cassée.”’ 

“La m? supérieure droite (f. 1, m2) longue de 110 mm. (vers le 

milieu), large de 85 mm.” 

“La m supérieure droite (f. 1, m*) longue de 150 mm., large de 

90 mm. (2° créte) est formée de quatre crétes et d’un talon postér- 

ieur bien développé, ayant déja l’aspect d’une petite 5°™° eréte.” 

We select as type the admirably preserved first, second, and 

third superior molars and inferior molar belonging to the same 

individual (superior molars, op. cit., Pl. 1, figs. 1 and 2; inferior 

molar, Pl. 1, fig.3). The coronal elements in these superior and in- 

ferior molars are carefully diagnosed in Osborn’s Plate 1 (pp. 134 

135, this Memoir), I (1.M**), G (1.Ms); see also figure 654 (r.M '), 
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Mastodon grangeri Barbour, 1934 

Figure 655 

Mastodon grangeri Barbour, 1934. “The Thurston County 

Mastodon, Mastodon grangeri, sp. nov.’’ Neb. State Mus., Bull. 

35, I, May, pp. 287-290, text fig. 170. Typr.—Skull and 

tusks. Morrill Paleontological Collections, Neb. Mus. 8-9-00. 

Horizon AND Loca.iry.—Pleistocene gravel, II Glacial Epoch. 

Pender, Thurston County, Nebraska. Tyee Figure. 

Op. cit., p. 289, fig. 170. See also figure 655 of the present Memoir. 

Type Description.—(Barbour, 1934.1, pp. 287-290): “The 

Thurston County mastodon seems to represent a Plains type 

which differs from the ordinary forest type of Mastodon americanus 

and seems to be a distinct species. We are naming this specimen 

Mastodon grangeri in recognition of Dr. Walter Granger who has so 

furthered the cause of vertebrate palaeontology ... Unlike typical 

forms, the tusks are long, slim, almost straight, curving but slightly 

Fig. 655. Type of Mastodon grangeri Barbour, 1934, Neb. State Museum, Morrill Palacontological Collections, 8-9-00. Pleistocene gravels of I Glacial 

epoch, Pender, Thurston County, Nebraska. Cranium mostly restored in plaster, tusks almost straight, 9 feet (2744 mm.) long, 5 inches (128 mm.) in diameter. 

A supposed plains type of Mastodon. After Barbour, 1934.1, fig. 170, p. 289. Scale of left hand illustration one twenty-fourth natural size. 

Speciric CHaracters.—The characters are as follows: (1) 

Persistent median sulcus (as distinguished from Zygolophodon); (2) 

each crest in superior molars composed of four conelets in M®, of 

three conelets in M*. (3) In the third inferior molar the cones 

of the outer side are normally fissioned into two conelets; the 

cones of the inner side are irregularly fissured into 2-3-4 conelets; 

total conelets 25. (4) Compared with Pliomastodon praetypica 

(Pl. 1, C, D, E, this Memoir), Mastodon pavlowi is somewhat more 

complex in the binary internal fission of the. inferior molars. 

(5) Compared with Mastodon americanus (P1. 1, K, J), the conelets 

are rounded (bunoid) rather than crested (lophoid). 

Osborn, 1935: This new stage, Mastodon pavlowi, is far 

more progressive than the Lower Miocene Miomastodon depereti 

(Pl. 1, B, this Memoir) in which the pentaloph is rudimentary; 

it is somewhat more progressive than Pliomastodon praetypica 

(Pl. 1, C,D); it is somewhat less progressive than the typical 

Mastodon americanus (Pl. 1, K, J), and it is far less progressive 

than the sharp-crested M. acutidens (Pl. 1, L). 

and spreading but little at the tips. The length of each tusk is 

about nine feet, and the diameter five inches ... Contrary to rule all 

three molars are present on each side and are perfectly preserved... 

Molar one is worn and well cupped, in molar two the first grinding 

ridge is well worn, while molar three shows little wear, and cement 

is wanting. The tusks and the teeth indicate a mature but not 

aged individual. The teeth of Mastodon grangeri, compared with 

those of Mastodon americanus, seem narrow and relatively small 

even after making due allowance for wide variations in size... The 

third molar has four coarse grinding ridges and a heel, a condition 

prevailing in other specimens referred to this species... The tusks of 

Mastodon grangeri seem to be distinctive, possibly determinative. 

Mastodon americanus as exemplified by the Warren skeleton with 

its relatively short tusks, curving upward and outward, seems 

typical of the forest ranging mastodons.” 

REFERRED SPECIMENS. —‘‘It is believed that several examples 

[of M. grangeri] are represented in the State Museum. [1] The 

Boyd County skull, No. 8-8-23, consisting of the palate with 
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MEASUREMENTS (CoMPARE Barsour, 1934.1, pp. 288, 290) 

Mastodon grangert 

Pender, Thurston County, Nebraska. 
Neb. Mus. 8-9-00. 

Tusk: length about 9 feet, diameter 5 inches 

Palate, width between molars, No. 1, 3%; inches (94 mm.) 

Palate, width between molars, No. 3, 3's inches (79 mm.) 

Molar 1, length 3 inches (82 mm.) 
width 3 inches (76 mm.) 

Molar 2, length 4! inches (114 mm.) 
width 3% inches (85 mm.) 

Molar 3, length 6% inches (162 mm.) 
width 3% inches (85 mm.) 
height 2%; inches (70 mm.) 

grinders complete, stumps of tusks, and the basi-cranial elements, 

has been prepared as a panel mount, and is referred to Mastodon 

grangert. [2] In this connection must be mentioned the Lancaster 

County skeleton which was partly exposed by Mr. Arthur Dobson, 

Class of 1911, which is apparently complete. This specimen lies 

15 feet deep in loess near Sheridan Boulevard and the entrance to 

Memorial Park, Lincoln. As far as explored the bones are in a 

state of extraordinary preservation, and their excavation will be 

undertaken, if possible, in the collecting season of 1934. Here 

again the tusks, where exposed, are as slim and straight as they 

are in Mastodon grangeri, to which we are referring it. [3] In ad- 

dition there are certain stray tusks showing the slim straight 

characteristics of Mastodon grangeri, but none showing the char- 

acteristics of the forest mastodon.”’ 

Mastodon americanus 

1}5 miles east of Talmadge, Otoe County, Nebraska. 
Neb. Mus. 2-6-34. 

Tusk: length on outer curve, 7 feet 
width at middle, 7% inches 
width at broken tip, 614 inches 
width at base, 8! inches 
length when restored, 9 to 10 feet 

Molar 2, length, 5 inches (126 mm.) 
width, 3% inches (92 mm.) 
height, 24 inches (57 mm.) 

Molar 3, length, 8 inches (203 mm.) 
width, 4 inches (102 mm.) 
height, 2%; inches (70 mm.) 

Mastodon acutidens sp. nov. 

Figures 131, 135, and 656, also Pl. 1, L 

Typr.—Immature male skull and jaws, with Dp 4—M 3 (M 3 

buried in skull and jaw). Amer. Mus. 17727, purchased from 

E. C. Swabey, 1922. Horizon anp Locauity.— Rochester, 

Indiana. Pleistocene, Postglacial (IV). Type FicgurEs.— 

Figures 131 A1—A4 and 135, also Pl. 1, L, and figure 656 of the 

present Memoir. 

Type DescripTion.—(See pp. 185, 189 of the present Memoir) 

“The immature male skull [Footnote: “This specimen is now made 

the type of Mastodon acutidens’...] (Amer. Mus. 17727, Fig. 131 

Al), from Rochester, Indiana, represents a stage in which the 

three ‘intermediate molars’ only are in use, namely, Dp 4, M 1, 

M 2. All these teeth show the three transverse crests characteristic 

INTERNAL 

AL EXTERNAL 

IL 

SS.SS.= Sulcus 

En.tr = Entotrefol. Ec.tr = Ectotrefoiw 

Mastodon acutidens Type 
A.MA7727 THiRD Lert Superior Mocar THIRD Lert INFERIOR MOLAR 

Fig. 656. Type of Mastodon acutidens (Amer. Mus. 17727) from Rochester, Indiana, juvenile male. The most progressive molar stage thus far discovered 

in America. Compare Fig. 135, p. 189, and Fig. 131, p. 186, this Memoir. 

Juvenile cranium (1/16th scale) with open sutures exhibiting deciduous fourth molar, Dp 4, three crested first and second grinders, r.M1, r.M2, third 
grinders completely buried in the skull and jaw. [The teeth are incorrectly lettered on the jaw in this illustration —Editor.] 

Third left superior molar exhibiting five sharpened and closely appressed ridge-crests (I-V) crowned with multiple fine conelets divided by profound 
median sulcus (S-S), also prominent sharp entotrefoil spurs (En. tr.). Third left inferior molar, four sharpened ridge-crests (I-IV), the fifth (V) uncal- 
cified, median suleus (S-S) strongly indicated, sharp ectotrefoil spurs (Ec. tr.). 
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of this genus and species. The tetralophodont third superior and 
inferior molars, M*-M;, have been extracted from the skull and 
jaws and are represented in figure 135. In this young male cranium 
.... (Amer. Mus. 17727) we observe the following points: (1) 

The facial and cranial portions are subequal in length; (2) the 

sides of the cranium are nearly parallel; (3) the juvenile tusks are 

imbedded in slightly expanded premaxillary sockets; (4) all the 

crests of the grinding teeth (Fig. 131 A1, also Fig. 135) are extreme- 

ly sharp, representing a high degree of subhypsodonty.”’ 
“IMMATURE AND Mature GRINDING TEETH.—The immature 

male skull....from Rochester, Indiana (Amer. Mus. 17727, 

Fig. 131 A1) yields a series of immature dental crests (represented 
in Fig. 135) of the third left superior molar, 1.M*, and of the third 

left inferior molar, 1.M;. These ridge-crests are a revelation of the 

very sharp, almost knife-like summits of the molar ridge-crests, 
which give a truly subhypsodont character to these crowns. These 

sharply crested summits illustrate the very marked progression 
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of Mastodon acutidens sp. nov. upon the low, compressed crowns 
in the two species Miomastodon merriami and Pliomastodon 

matthewi, and upon the rounded lobes, i. e., cones, in Palzeomasto- 

don.”’ 

The third superior and inferior grinders, M*-Ms, deeply im- 
bedded, were excavated from the skull and jaw, then placed in 
natural position for photography. Striking points are: (1) Persist- 

ence of the profound median sulcus which separates the inner and 
outer lobes, as a highly distinctive Mastodontine character (see Pl. 
1, between pp. 134-135, this Memoir); (2) the excessively sharp, 
elevated crests strongly compressed fore and aft and approximat- 
ing the summits; (3) the extreme binary fission of the summits of 

these crests seen especially in lophs and lophids I and IT in which 

(4) loph ITI 
still retains the two primary cones, highly compressed; (5) the 

as many as twenty-one conelets may be counted; 

molar is correspondingly broad and short, M* measuring approxi- 

mately 5% in. in length (140 mm.) and 3% in. in breadth (83 mm.). 

TURICIUS IN THE STAATS-SAMMLUNG FUR PALAONTOLOGIE UND HISTORISCHE 

GEOLOGIE IN MUNICH! 

Through the courtesy of Dr. Ernst Stromer, notes, 

casts, and photographs of Turicius turicensis in the 

Staats-Sammlung fiir Palaiontologie und_historische 

Geologie in Munich were sent to the American Museum 

for use in the present Memoir. 

The following specimens add the weleome knowl- 

edge of the complete structure of (a) the superior and 

inferior tusks; (b) the slender inferior mandible with 

elongated rostrum; (c) the abbreviated horizontal in- 

cisors; (d) the elongated ulna and tibia, relatively 

much more slender than those of T'rilophodon or Masto- 

don; (e) the abbreviated manus and pes: 

REFERRED TURICIUS TURICENSIS FROM THE Upper 
MiocENE oF Upper BAVARIA 

Fig. 657. Inferior jaws with incisors, superior second and third molars, and 
superior tusks of T'uricius turicensis ref. from the Upper Miocene of Freising 

(upper) and Tutzing (lower), Upper Bavaria. From original photographs 

loaned by Dr. Ernst Stromer. Staats-Sammlung fiir Paliontologie und 

historische Geologie, Munich. 

intended.—Editor. | 
Owing to the unfortunate death of Professor Osborn, the description alluded to on page 202 above cannot be given as completely as was originally 
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TURICIUS TURICENSIS, Upper Miocenr! oF UppER BAVARIA 

From Freising: 

Inferior jaw with I, Ms, and M; zn situ, M? and M’, and superior tusks. See figure 657 (upper). 

Right Mz (1899 [IX 1b—cast Amer. Mus. 22492). See Plate 1m, G. 

From Tutzing: 

Inferior jaw with In, Mo, Ms, superior molars, M?, M$, and tusks, associated with skeleton of fore- and hindlimb (1912 I 26). See 
figure 657 (lower). 

From Moosburg: 

Right M? (1891 I 50—cast Amer. Mus. 22491). See Plate in, G. 

From Glonn, near Indersdorf: 

Fragment of right lower jaw with Dp; and M;, (1916 I 1—cast Amer. Mus. 22493). Not figured. 

MEASUREMENTS, IN CENTIMETERS, BY STROMER 

Left, upper J [incisor] over 117 em. long; 30 em. behind the anterior end, 5.8 em. across, 8 em. high; 85 em. behind the an- 

terior end, 7.6 em. across, 12 em. high. 

Right, upper M 3 15 em. long and 9.3 em. wide. 

Right, lower M 3 15.3 em. long, and 7.8 em. wide. 

Right lower jaw restored to a great extent with plaster, about 90 cm. long; under the M 3, on the inside, about 16 em. high. 

Left ulna, distance between upper and lower joint, 85 em. 

Left ulna, distance between upper and lower articular surface, 72 cm. 

Left metacarpal III 18 em. long. 

Right tibia, distance between upper and lower joint, 70 cm. 

Right tibia, distance between upper and lower articular surface, 68 cm. 

Right tibia shaft, in the middle, 8.5 em. wide. 

Right metatarsal III 13.9 em. long. 

NEW ZYGOLOPHODONTIN A (TURICIUS, ZYGOLOPHODON) OF CHINA 

Dr. A. Tindell Hopwood of the British Museum (Natural History) has kindly sent to The American Museum 

of Natural History casts of the significant mastodontoid specimens described in his recent Memoir, ‘‘Fossil Probo- 

scidea from China” (1935.1). The most welcome addition to our knowledge of the South Asiatic distribution of 

the Mastodontide is Hopwood’s recording of a member of the true T’uricitus phylum from the Lower Pliocene of 

China which he erroneously identifies with our Pleistocene Mastodon americanus. 

In Chapter VII of the present Memoir is demonstrated the separation of the Zygolophodontine, namely, 

the genera Zygolophodon and Turicius, from the rest of the family Mastodontide. The distinctions between the 

classic genus Mastodon and these two generic phyla are clearly shown in Plates 1, 11, and 111 (pp. 134-135, this 

Memoir). In these plates Osborn has figured diagrammatically the characteristic stages of Mastodon, Zygolo- 

phodon, and Turicius, showing that Mastodon preserves four subequal conelets on each ridge-crest while Zygolo- 

phodon rapidly progresses from four to six conelets and Turicius adds an even greater number. 

Osborn, therefore, cannot accept Hopwood’s specific determination of the Pontian remains as Mastodon 

americanus of the North American Pleistocene, but refers to Turicius this “left ramus of juvenile mandible with 

the deciduous dentition” (Hopwood, op. cit., Pl. v1, fig. 5; see also our figure 658). 

“Moreover, we determine the Upper Miocene as immediately preceding the Pontian level, whereas the French school puts the Pontian level in the Upper 
Miocene.” (Translated from a letter from Dr. Stromer, Feb. 28, 1935.) 
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TURICIUS SP. 

The horizon and localities given by Hopwood are as follows 
(op. cit., pp. 43, 44): “Horizon.—Lower Pliocene, Pontian, speci- 
mens from Shansi (Loc. 49) and Shensi (Loc. 51); Pontian, 
fragments from Shansi, Hsi Kou fide Teilhard ; not known, probably 
Pontian, specimen from Chihli (Loc. 47), fide Teilhard.” 

“Localities.— Shansi, Pao Té Hsien, Chi Chia Kou, Yang 
Mu Kou, (Loc. 49); Shansi, Wu Hsiang Hsien, NW 18 li, Chu 
Chia Wa, S }s li, Hsi Kou; Shensi, Fu Ku Hsien, Wu Lan Kou, 

aie 

Turicius * sp. 
Cast AM21873 

Fig. 658. ‘‘Left ramus of juvenile mandible with the deciduous dentition.” 
China. Referred by Hopwood (1935.1, Pl. v1, fig. 5) to “Mastodon americanus” ; 
regarded by Osborn as referable to T'uricius. Original drawing after cast Amer. 
Mus. 21873. One-third natural size. 

Pei Hou Kou, (Loe. 51); Chihli, Hsuan Hu Hsien, from city 

40 li, Chao Chia Wan, from village SE, Huang Tui Kou, (Loe. 

47).” 

In his ‘material’ Hopwood also mentions “an entire, but 

partly worn, third lower molar” (op. cit., p. 43), but does not 

figure the specimen nor have we received a cast. The third lower 

molar would be corroborative as definitely establishing the refer- 

ence to Turicius rather than to Mastodon americanus. 
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ZYGOLOPHODON BORSONI REF. OF SHANSI, CHINA 

Mastodon borsoni Hays ref. On his Plate vu, fig. 1 (Fig. 659 
of present Memoir), Hopwood figures a third left lower molar 
of Zygolophodon which he describes as follows (Hopwood, 1935.1, 
pp. 46, 47): 

“Mastodon Borsoni Hays. . . Diagnosis.— A zygodont masto- 
dont of large size; pretrite cusps of the molar teeth with unusually 
strong inner cones; ridge-crests very wide; lateral slopes of the 
pretrite cusps steep. 

Material.— A left third lower molar. 
Dimensions.— Length 171, Breadth 87 ili, Height 69 iii, 

Index 50.8. 

Horizon.—Unknown. 

Locality.—Shansi, Ho Shun Hsien, SW 120 li, Niu T’sao Kou. 
Description.—The tooth is from an adult animal: both the 

first and second ridges have the dentine exposed, and the enamel 

Fig. 659. Zygolophodon borsoni ref. Third left inferior molar. After Hopwood 
(1935.1, Pl. vi, fig. 1). One-half natural size. 

of the third ridge is abraded. It consists of four ridges and a 
talonid. Each cusp has the inner cone distinctly marked off from 
the outer, and although this is most noticeable on the post-trite 
side it is almost equally clear on the pretrite side. The accessory 
folds in the enamel of the outer cone of the pretrite cusps are 

relatively weak: the slope of the labial surface of the same cones 

is steep. Anteriorly there is a cingulum which is reduced, and 

there is a strong cingule at the pretrite entrance to the first valley. 

The talonid is stout and shelf-like: it is composed of four conules 
with obtuse, flattened tops.” ; 

Osborn, 1935: As set forth above and in accordance with the 

definitions in Chapter VII of the present Memoir, Osborn is in- 

cluding this specimen in the species Zygolophodon borsoni. 
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SuPERFAMILY: MASTODONTOIDEA Osborn, 1921 

FAMILY: MASTODONTID& Girard, 1852 

STEGOLOPHODONTIN&©E subfam. nov. 

Typical genus: Stegolophodon Schlesinger, 1917. This subfamily, transitional in molar tooth structure 

between the Mastodontoidea and Stegodontoidea,' is characterized as follows: 

Anterior ridge-crests with persistent median sulcus and four (Stegolophodon latidens type) to more numerous 

(S. stegodontoides type) conelets. Posterior ridge-crests (Stegolophodon lydekkeri sp. nov., S. stegodontoides, 

S. cautleyi) with very numerous conelets paralleling those of true Stegodontoids. Widely distributed geo- 

graphically in Europe and Asia, persistent into the Middle Pliocene, Perim Island of India (S. cautleyi), con- 

temporaneously with the true Stegodontine, e.g., Stegodon bombifrons of the Dhok Pathan of the Siwaliks, 

Middle Pliocene. 

Stegolophodon is of intense phylogenetic interest because of the intermediate position of its molars between 

the true Mastodontidze (Mastodon, Pl. 1; Zygolophodon, Pl. 1; Turicius, Pl. m1) and the true Stegodontoidea. 

The molar characters of the various species of Stegolophodon are most carefully displayed in Plate rv (pp. 134-135) 

and figure 661 of the present Volume and will be reproduced in Volume II. The persistent medzan sulcus 

(shaded in Pl. rv) is highly characteristic of the Mastodontide. Accordingly Stegolophodon points toward a 

very remote relationship between the Mastodontoidea and the Elephantoidea; in fact, the most primitive 

elephantoid molar we know, that of Archidiskodon proplanifrons of South Africa, is, in section, very like the 

molar teeth of a Mastodon, that is, without any trefoils or central conules blocking the valleys. 

In this intensive reéxamination of these various species of Stegolophodon we have discovered very wide 

differences between the types of Stegolophodon sublatidens Schlesinger, 1917 (Pl. 1v, A), and S. latidens Clift, 

1828 (Pl. 1v, E), and a molar tooth from Borneo which Lydekker (1885.2, 1886.1, 1886.2) described and figured 

as ‘Mastodon latidens’ Clift. This molar Osborn selects as the type of a new Pliocene species dedicated to his 

friend Richard Lydekker, as follows: 

Stegolophodon lydekkeri sp. nov. 

Figure 660, also Pl. 1v, G 

Type.—Third superior molar of the left side, 1.M°, original 

in the Zoological Society of London; cast in the British Museum 

(M.2498). Horizon AND Locauity.—(Lydekker, 1885.2, p. 

777): ‘The specimen forming the subject of the present notice 

was forwarded from Borneo to the Secretary of this Society by Mr. 

A. H. Everett, C.M.Z.S., who stated that it was found during 

the early part of the present year [1885] by a Kadayan in the 

jungle in the vicinity of Bruni, on the north-west coast of Borneo.” 
Pliocene (?). Tyre Ficure.—Lydekker, 1885.2, Pl. xuviu, 

figs. 1 and 2; see also Lydekker, 1886.1, fig. 7, 1886.2, fig. 19, 
Mastodon latidens.—The third left upper true molar of a small individual in a as well as Plate 1v and figure 660 of this Memoir. 

partially-worn condition ; from the Pliocene (?)of Borneo. %. ‘The lower Descriprion.—(Lydekker, 1885.2, pp. 777, 778, 779): “The 

border of the figure is the inner border of the specimen. (From the 
‘ Palzontologia Indica.’) specimen is the crown of the last left upper true molar of a tetra- 

Fig. 660. Stegolophodon lydekkeri sp. nov. Third left superior molar oe ont ee ee zp ey a ee tot 
exhibiting six ridge-crests and a talon. Figured by Lydekker, 1886.2, fig. 19, the Siwalik Mastodon latidens, Clift [Footnote: Trans. Geol. 
as Mastodon latidens. Compare Lydekker, 1885.2, Pl. xuvim, and Pl. 1v of Soe. ser. 2, vol. ii, pt. 3, p. 371 (1828).’], that it may be safely 
this Memoir. Two-thirds natural size. referred to that species, although it indicates a very small in- 

‘New superfamily (name only), see Osborn, 1935.937, fig. 2. 
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dividual. It will be seen that the Borneo specimen 

agrees [with M. latidens of the Punjab] in the number of ridges 

(although the hind talon is considerably smaller), but is of 

greatly inferior size, the dimensions of the two specimens being 

as follows, in inches:— 

Punjab. Borneo. 

Extreme length............ 8.6 6.3 

Width of first ridge......... 4.2 2.95” 

“It may be added that Mastodon latidens is an interesting 

form, since it is one that apparently passes insensibly into other 

species. Thus the normal number of ridges in the ‘intermediate’ 

molars is four, but a fifth is occasionally present [Footnote: ‘Vide 

Pal. Ind. ser. 10, vol. i. pl. xxxviii.’], in which case there is but 

OVOrS 

65 crests 

5+ creszs 

25 crests 

Fig. 661. 

5+ conelets 4 

4-5 conelers 2 

2-3 conules i 

2 cores 1 
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one step to the simplest of the stegodont Elephants, viz. Elephas 

clifti, in which there are six ridges.” 

Osborn, 1935: The type is an 1.M® (ef. Pl. rv, G, pp. 134-135 

with six ridge-crests (I-VI) and a talon, two anterior ridge-crests 

(I, II) with four conelets widely separated by a median sulcus; 

four posterior ridge-crests (III-V1I) with 5-5-7—4 conelets, no trace 

of median sulcus. Thus Stegolophodon lydekkeri is much more 

progressive than the S. latidens type (Pl. rv, E) in which the me- 

dian sulcus appears in ridge-crests I-IV and the conelet formula is: 

I-4, II-4, III-5, IV-4, V-4, VI-5. Ridge-crest IV more promi- 

nent in S. lydekkeri than in S. latidens. 

crests I-VI of S. lydekkeri is 29; 

I-VI of S. latidens is 26. Observe closure of median sulcus and 

transverse regularity of conelets in ridge-crests III—-VI. 
% 

Total conelets in ridge- 

total conelets in ridge-crests 

STEGOLOPHODON LATIDENS 

STEGOLOPHODON CAUTLEY! 

7m 3 7 
Lm 

PALAEOMASTODON 

SrructuRAL EVOLUTION OF THE ConEs, CONELETS, AND RIDGE-CRESTS IN THE STEGO- 

LOPHODON PuyLuM, IN COMPARISON WITH PALMOMASTODON. 

(1) Patawomasropon, Primary Type. 

rudimentary tritoloph. [See pp. 143 and 691 for subfamily position of Palzomastodon. 
Four primary cones; ridge-crests, proto-, meta-, and 

Editor.| 

(2-4) SrecotopHopon Puyium. Binary fission of primary cones into four to five conelets, vestigial 

conules in S. cautleyi and S. latidens (protoconule =p.l., metaconule = m.l.); addition of trito-, 

tetarto-, penta-, and hexalophs. Gradual loss of median sulcus, persistent, however, in the first two an- 

terior crests. 

Stegolophodon latideus (3, left) is a third lower molar, r.Msz, inserted for comparison, and has seven 

plus (7!) ridge-crests, four plus conelets, and median sulcus. 

'Made the type of Mastodon [Stegolophodon| stegodontoides Pilgrim, 1913. 



OSBORN: THE PROBOSCIDEA 

Famity: BUNOMASTODONTID£& Osborn, 1921 

NEW TRILOPHODONT LONGIROSTRINES OF CHINA 

Dr. A. Tindell Hopwood of the British Museum (Natural History) published in February, 1935, his memoir 

entitled ‘‘Fossil Proboscidea from China” including the description of two new trilophodonts, Trilophodon con- 

nexus and T. spectabilis. These species are especially welcome as the first remains of Trilophodon discovered in 

China. A third species referred to Trilophodon by Hopwood, Trilophodon wimani, proves to belong to Serridenti- 

nus and is discussed in this Appendix under the family Serridentide (pp. 731, 732). 

species of Tetralophodon, T. exoletus. 

own text. 

Trilophodon connexus Hopwood, 1935 
Hopwood, 1935, Pl. v, fig. 1 (Fig. 662 of present Memoir) 

(Hopwood, 1935.1, pp. 14, 15): “Horizon.—Miocene.”’ 

“Tocality—Kansu, Sining Fu, SW 20 li, Shui Ch’itian P’u, 

SE 5 li, Tiao Kou.” 

“Diagnosis.—A Trilophodon in which the dentition is angus- 

ticoronate, bunodont, and moderately hypsodont; pretrite and 

post-trite cusps of upper molars, normal or subnormal to the long 

axis of the tooth; valleys wide, but obstructed by the pretrite 

accessory structures; basal cingulum strong: lower molars with 

the pretrite cusps oblique, and the post-trite cusps normal, to the 

long axis; pretrite cusps with anterior or posterior buttresses, or 

both; valleys completely closed by vallecular conules.” 

“Holotype-—A left mandibular ramus containing the part- 

worn second molar, and the third molar just entering into wear 

[ly fee ble? 
“(Referred| Material—A left fourth upper premolar; an 

unworn third upper molar [Pl. v, fig. 2]; a left mandibular 

ramus with the third milk-molar, third premolar, and first molar; 

a right fourth lower premolar; a very worn left lower first molar; 

a left second lower molar, unworn but very badly crushed; another 

specimen of the same tooth, uncrushed but very worn.” 

“Dimensions.—{with some omissions] 

Length Breadth Height Index 

Upper M8 [ref.] ii 123 60.5 50.7 49.2 

Lower M2 [type] viii 102 49.8 31 48.8 

Lower M3 [type] ix 145.5 51.8 45 35.67 

“Of these teeth, iii, iv, v are those in the smaller mandible, 

whereas viii, ix are those in the holotype ramus. The remainder 

are isolated specimens.” 

RELATIONSHIPS. As to relationships the author observes 
(op. cit., p. 102): “The most primitive form discovered in China is 

Trilophodon connexus which has affinities with Tri. cooperi Osborn 

Hopwood also added a new 

These four new species may be described by excerpts from Hopwood’s 

from Baluchistan, as well as with the European Tri. angustidens. 

Of the three species the last is the more advanced and farthest 

away from the ancestral line. Tvrz. connerus is the most primitive 

and, apart from its greater hypsodonty, would do fairly well as the 

representative of a stage a little earlier than Tr7. coopert.” 

(Op. cit., p. 18): “Of all the primitive Trilophodonts hitherto 
described, that which approaches most nearly to Tri. connerus is 

the form [Trilophodon cooperi Osborn] from Baluchistan mentioned 

above, a third upper molar of which (M 12180 Brit. Mus. Geol. 

Dept.) is nearly indistinguishable from the third upper molar of 

Tri. connexus. The Indian tooth [T. cooperi] is wider than the 

Chinese [7’. connexus], the breadth indices being 64 and 50.7 

respectively. Moreover, the Indian tooth is more advanced 

since the accessory structures are stronger, and more distinct, and 

the third ridge is better developed. On the other hand, the Chinese 

tooth is more hypsodont, for, although the two teeth are of ap- 

proximately the same height, the Indian tooth is the broader 

of the two.” 

Fig. 662. Trilophodon connexus 

Hopwood, 1935. Type left mandible 

with second and third molars exhibit- 

ing prominent central conules. After 
Hopwood (1935.1, Pl. v, fig. 1). One- 

half natural size. 

Trilophodon spectabilis Hopwood, 1935 

Hopwood, 1935, Pl. vi, fig. 2 (Fig. 663 of present Memoir) 

(Hopwood, 1935.1, pp. 30, 31): “Horizon.—Unknown.” 

“TLocality—Unknown. The label on the specimen reads, 

‘Sent febr. 1923 by Rev. Beinhoff. Said to have come from Sian.’ ” 

“Diagnosis.—A Trilophodon of medium size with hypsodont, 

angusticoronate dentition; pretrite cusps markedly oblique, post- 

trite cusps normal, to the long axis; accessory vallecular cusps 

median, completely obstructing the valleys; cingulum absent, 

except in front; cement plentiful.” 

“‘Holotype.—A left lower third molar, partly worn and lacking 

the talonid.”’ 
““Dimensions.—Length 176 mm, breadth 65 mm, height of 

second ridge in excess of 65 mm. These measurements are taken 

from the holotype without any allowances for breakage or wear.” 
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“Description.—The summits of the first six cusps have all 

been removed by wear; those of the seventh and eighth cusps 

were broken off before burial. Everything behind the fourth 
ridge has been lost.” 

“The pretrite cusps are distinguished by their extreme obli- 

quity to the longitudinal axis, which is so great that the outer 

cones alternate with those of the post-trite cusps. Each cusp is 

composed of two cones, though, from the fifth cusp, it appears 

that the inner, smaller, cone was divided at the summit. The 

post-trite cusps are normal to the long axis, and composed of two 

which forms a buttress merging with the strongly nodular antero- 
external cingulum. Behind the same cusp is a large vallecular 

The 
third and fifth cusps have each a posterior vallecular cone, but no 
anterior cone. 

cone, or group of cones, which wears with a trefoil section. 

There is a small cone closely adpressed to the 

anterior surface of the inner cone of the sixth cusp. Apart from 

this, the post-trite cusps have no accessory structures. There is no 

cingulum other than that just mentioned. All the 

filled with cement.” 

valleys are 

“Discussion.—In certain respects, this is the most advanced 

of the Trilophodon group. None other has such hypsodont teeth, 

and so copious a supply of cement, and in none are the pretrite 

cusps so oblique to the long axis of the tooth. The species which, 

although much more primitive, shows the greatest superficial 

resemblance to this one is that described by Lydekker (1884; pl. 

iv, figs. 3, 8; pl. v, figs. 1, la) as Mastodon angustidens var palz- 

indica.” 

COMPARATIVE MEASUREMENTS 

Lidge- 

Length Breadth Height crests Index 

T. spectabilis Hop- 

wood, holotype, 1.M; 176 65 65 4's 36 

(2nd loph) 
Fig. 663. Trilophodon spectabilis Hopwood, 1935. 

molar of the left side. 
Type third inferior 

Observe prominent central conules. After Hopwood 

(1935.1, Pl. vi, fig. 2). One-half natural size. 

cones. The only exception is the eighth cusp, which is slightly 

oblique. This condition is very common in the ridge next to the 

talonid in all species of mastodonts.” 

“The accessory structures are restricted to the pretrite side 

T. palxindicus 

Lydekker, type, r.M; 148 63 4% 43 

T. cooperi Osborn, 

type, r.M; 147 63 4s 43 

Osborn, 1935: Trilophodon spectabilis is a true Trilophodon, 

with prominent central conules, typified by an 1.M; lacking 
almost without exception. The first cusp has a tall cone anteriorly, talonid or rudimentary pentalophid. 

TETRALOPHODONTS OF CHINA AND INDIA 

Tetralophodonts are rare in Eurasia, those previously described from India and China including the following: 

Tetralophodon (Lydekkeria) falconert Lydekker, 1877, Dhok Pathan, Potwar district, Punjab, India; Mio- 

Pliocene. As compared with Pentalophodon sivalensis with which Falconer connected this species Osborn remarks: 

“The ridge formula is M 2*-M 3%. These grinding teeth, therefore, correspond with the rather primitive species 

Tetralophodon (Lydekkeria) falconerit, much more primitive than Tetralophodon punjabiensis and not far distant 

in their evolutionary stage from Tetralophodon (Lydekkeria) sinensis.” (See Figs. 309-311, pp. 353-355 of 

this Memoir.) 

Tetralophodon (Lydekkeria) sinensis Koken, 1885, Yun-nan, China; Mio-Pliocene. (See this Memoir, pp. 

353-355, Fig. 311.) Type third left superior molar with five ridge-crests, trefoils on the internal side of the crown 

only, thus clearly distinguished from Tetralophodon longirostris; more primitive than Tetralophodon falconert. 

Osborn thus differs from Hopwood, who remarks (1935.1, p. 41): ‘“‘Without examining the original specimen, or 

a good cast, it is not feasible to make any definite statement concerning the relationships of this species, but it 

seems certain that it is an advanced member of the 7’. longirostris group, and that its age is Pliocene.” 
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Tetralophodon exoletus Hopwood, 1935 

Figure 664 

Tetralophodon exoletus Hopwood, 1935. (Hopwood, 1935.1, 

p. 36): ‘“Horizon—Pontian. Locality—Shansi, Pao Té Hsien, 

Chi Chia Kou, Sang Chia Liang Kai, Loc. 43; holotype and para- 

type. Loe. 110 (2) in the Province of Shansi; deciduous denti- 
tion. Shansi, Pao Té Chou, NE 20 li, P’u Fang Yen, N 1% li, Ch’i 

Tsu Kou; isolated Dm4.” 

(Hopwood, op. cit., pp. 101, 102): “Tetralophodon exoletus 

occurs with Ictitherium, Hyzena, Indarctos?, Dicerorhinus, Chilo- 

therium, Hipparion, Chleuastocherus, Palxotragus.” . . . 

“From these lists it is clear that there is little speculation in 

assuming the Pontian age of the fossils identified as Tetralophodon 

exoletus, and Mastodon americanus. The general agreement be- 

tween the accompanying faunas and that of Pikermi is so close that 

OSBORN: THE PROBOSCIDEA 

“Dimensions.—[with some omissions] 

Lower Dentition Length Breadth Height Index 

Holotype M3 272 (295?) 102 73.5 34.5? 

Paratype M1 120 ? 55 ? 45 ? 45.8? 

Paratype Dm4 87 52 ae 57.7 

Paratype P3 38 30 22.5 ou 

Type Description.—‘‘The holotype is broken both in front 

and behind; the first molar of the paratype is in such a position 

that the dimensions can only be estimated; the fourth premolar 

of the paratype is badly distorted through deposition of crystalline 

calcite in and about the partly calcified germ.” 

“The third lower molar [r.M;], which is incomplete, consists 

of six ridges and a talonid [7th ridge-crest]. Each cusp is composed 

of two cones which are nearly equal in size. The most anterior 

complete post-trite cusp, the fourth, shows signs of wearing with 

a trefoil section; this is not due to aecessory structures, but to 

Tig. 664. 

(1935.1, Pl. vi, fig. 3). 

more or less prominent trefoil spurs on ectoconelets I-VI. 

it is impossible for the beds to be regarded as other than homo- 
taxial.”’ 

(Op. cit., pp. 35, 36, 38, 40): “Diagnosis.—A Tetralophodon of 
large size with hypsodont, angusticoronate dentition. Third 
lower molars with 6% ridges and talonid, intermediate lower 
molars with 4 to 4% ridges. Milk dentition with wrinkled enamel, 
and pronounced cingulum; permanent teeth with smooth enamel 
and no cingulum.” 

“Holotype.—A partly erupted and worn right lower third 
molar with part of the mandibular ramus still attached [Pl. v1, 
fig. 3; see also Fig. 664 of the present Memoir].”’ 

“Paratype.—A broken right mandibular ramus with the 
worn fourth deciduous molar, the partly erupted third premolar, 
the fourth premolar still in its erypt, and the first molar about to 
erupt. [PI. v1, fig. 4.]” 

“(Referred| Material.—A third upper left deciduous molar, 
incomplete behind; one lower second deciduous molar; two 
lower third deciduous molars; one partly worn left lower fourth 
deciduous molar; one left lower third premolar.” 

Tetralophodon exoletus Hopwood, 1935. 

Observe seven ridge-crests, I-VII. 

Type right third inferior molar. After Hopwood 

Crests I-VI divide into four conelets, 

One-half natural size. 

an antero-posterior extension of the inner cone. Similar extension 

of the inner cone is seen in all the post-trite cusps. The pretrite 

cusps also wear with a trefoil pattern, but this is achieved dif- 
ferently. The external lobe is formed by the outer cone of the 

cusp; the anterior lobe by the inner cone, which is somewhat in 

advance of the outer, and, hence, the cusp is oblique whereas the 

posterior lobe is formed by a large posterior accessory cone. The 

talonid consists of three cones, two pretrite, and one post-trite; 

its extreme posterior portion is lost, but there seems to have been 

a cone on the median line of the tooth.” 
“The only accessory structures are the posterior cones already 

mentioned, and they are formed from a posterior fold on the 

outer cones of the pretrite side by division. There are vestiges of 

cingules on the pretrite side, but none on the other. The anterior 

cingulum, if present, has been lost. There was little or no cement.” 

“The American species which bear most resemblance to 7’. 

exoletus are T’. campester (Cope), 7’. elegans (Hay), and T. (Mor- 
rillia) barbouri Osborn. From all these it is to be separated by its 

larger size, by its ridge formula, and by the small breadth index of 
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the third molar. 

species; others such as presence or absence of cement, development 
of the trefoils, and height of the ridges, are individual.”’ 

“Thus, T. exoletus has its closest affinities with the species 
found in the Pontian of Europe, but little or none with those in the 

Pliocene of America. It is more advanced than any of the forms 
with which it has been compared.” 

Osborn, 1935: Osborn characterizes this tooth (r.M,) as 

possessing seven ridge-crests and the rudiments of a talonid, a 

small median conelet; six anterior crests composed of four cone- 

lets; seventh crest composed of three conelets; prominent 

anterior and posterior trefoils on the three anterior ridge-crests, 

posterior trefoil on ridge-crest four; rudiments only of post-tre- 

foils on ridge-crests 5 and 6. This appears to be a primitive 

These differences are common to all three with other Eurasiatic and American species as follows: 
It is much more primitive than Kaup’s Tetralophodon 

longirostris (Fig. 315, p. 358, this Memoir) since 7. longirostris 

exhibits double trefoils, both internal and external, upon its five 
and a half crested M®. 

It is more primitive than the six ridge-crested Tetralophodon 
grandincisivus (Fig. 318, p. 361, this Memoir); it is much more 
primitive than the six ridge-crested Tetralophodon punjabiensis 
Lydekker (Fig. 322, p. 363; Fig. 325, p. 365, this Memoir). 
While backward in the development of its trefoils, it is progressive 

in the possession of seven ridge-crests, a very unusual character. 

Tetralophodon exoletus Hopwood is thus an exceptional 

seven ridge-crested stage of Tetralophodon, primitive in the de- 

velopment of its trefoils and progressive in the addition of a 
Tetralophodon molar, seven ridge-crested. It may be compared seventh ridge-crest. 

AMERICAN BUNOMASTODONTS 

While closely resembling each other in the third superior and inferior grinding teeth, the Longirostrine of 

the ancient western plains of America are differentiated in the form of the rostrum and of the mandible, in the shape 

of the inferior tusks, and in the presence or absence of inferior tusks. Chiefly by Barbour and secondarily by Frick 

and Osborn, this differentiation has been indicated by subgeneric terms. Doubtless it corresponds with differences 

of habit, of habitat, and of the plant life in the dry soils and sands or in the shallow waters of the ancient plains 

region. In Chapter VIII a preliminary grouping of the subgenera and the ascending order of species has been 

described on pages 225 to 229. The mandibular and tusk differentiation is somewhat as follows: 

Typical Trilophodon, prod-tuskers, lower incisors nearest to Trilophodon angustidens. 

Trilophodon (Tatabelodon Frick), signifying ancient-tuskers, inferior incisors rodlike or triangular. 

Trilophodon, signifying oblique-tuskers, tusks flattened, mandible deep, decurved. 

Megabelodon Barbour (including Trilophodon phippsi—see footnote on page 329 above), mandible 

tuskless, rostrum rounded, terminating in spatulate expansion. 

Gnathabelodon Barbour and Sternberg, mandible tuskless with rostrum broadly expanded in front, 

upper borders deeply grooved, molars widely distinct in pattern from those of Trilophodon or Amebelodon. 

Amebelodon Barbour, typical shovel-tuskers, descendants of Phiomia of the Faytim. 

The above differentiation is a sure proof of diversified soil and surface conditions and specialization in the 

choice of plant foods. The following table of measurements indicates that in general there is progressive increase 

in size in each of these subgeneric or generic phyla. 



ADAPTIVE RADIATION AND PROGRESSION OF THE AMERICAN TRILOPHODONTS, AMEBELODONTS, 

AND GNATHABELODONTS IN ASCENDING GEOLOGIC ORDER 

Compare FINAL SUMMARY AND CLASSIFICATION OF GENERA AND SPECIES AT THE CLOSE OF THE APPENDIX 
i 

Third | Ridge- Trefoils Mandible Tusks Tusks 

inferior | crests Length of | Total length Length beyond 

molar alveolus 

TypicaL TRILOPHODON (SCAPTOBELODONT), PROD- 

TUSKERS,’ NEAREST TO TRILOPHODON ANGUSTI- 

DENS 

Trilophodon pojoaquensis 197(M*) | 4% Double 1000e Distal end of tusk and 

symphysis missing 

Trilophodon osborni 196 4% Rudiments 1346 500e 249 
of double 

Trilophodon abeli 185 4\ Rudiments 1156 508 216 

of double 

Trilophodon willistoni (juvenile) Single 762 225e 102 

Trilophodon fricki (very primitive) 172 3-4 Single 1134 157 

TRILOPHODON (TATABELODON), ‘ANCIENT-TUSKERS, 

RODLIKE OR TRIANGULAR 
Tril. (Tatabelodon) riograndensis 203 44 Single (?) 1000e Distal end of tusks and 

symphysis missing 

Tril. (Tatabelodon) gregorit 205 4Y Single 558 200e 

TRILOPHODON, ‘OBLIQUE-TUSKERS,’ TUSKS FLAT- | 

TENED, MANDIBLE DEEP, DECURVED | 
Trilophodon dinotheriordes [240 4-5 Rudiments 1265e 

of double 

Trilophodon ligoniferus 245 44-5 Rudiments Distal end of tusk and 
of double symphysis missing 

Trilophodon giganteus 172 435-5 | Rudiment of 1560 850e 160e(?) 
double Ramus 

massive 

MEGABELODON LULLI, TUSKLESS, MANDIBLE SLEN- 

DER, ROUNDED 
Megabelodon lulli 222 34-4 1322} Tuskless 

Megabelodon joraki 180e 1130e Tuskless 
Megabelodon cruziensis 180 54 Single 1000 Tuskless 

Trilophodon phippsi* 232 4+ Single 1486 Tuskless 

GNATHABELODON, SUPERIOR TUSKS MASTODONTOID, 

ROUNDED, UPCURVED, WITHOUT ENAMEL 
Gnathabelodon thorpei 166 44 sup. Double 1524 Tuskless 

4¥ inf. 

PuHriomMIA—AMEBELODON, TYPICAL ‘SHOVEL- 

TUSKERS’ 
Amebelodon fricki 229 5% Double on 1475 1144 455 

crests 1-4 

Amebelodon sinclairi 712e 

Amebelodon hicksi 199 5M Double 1050 380+ 

Amebelodon paladentatus 174 1 910 485+ 

Phiomia osborni 71 None 680 250 

Phiomia wintoni type 74 None 670 240e 

Phiomia wintoni ref. 70 None 260e 
Phiomia wintoni (adult) 65 640 180 

Phiomia wintoni (juvenile) 520 140 

In Chapter VIII of the present Memoir this measurement was erroneously estimated at 1504 mm. 

*|This species is included with Megabelodon because of its tuskless mandible. It was evidently the intention of Professor Osborn to place Trilophodon phippsi 
in the genus Megabelodon. See footnote on page 329 above.—Editor.] 
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THE “SPOONBILL” MASTODONTS'! 
The recent discoveries of Barbour and his field parties of 1935 have revolutionized our knowledge of the 

extremity of the mandible of Megabelodon lulli, the specific type of the genus, so named because of its very large 
superior tusks (Fig. 243, p. 295, this Memoir), at first (Chapter VIII) erroneously treated by Osborn as a 
synonym of Trilophodon. Megabelodon proves to be not only widely distinct from Trilophodon but a member 
of an independent generic line characterized by: (1) Entire absence of the inferior tusks; (2) broadening of the 
mandibular extremity into an obtuse, toothless digging expansion which varies in different species—this tooth- 
less structure was shown by Barbour (Barbour, 1934.2, p. 307, fig. 180) in his figures of the two rostra 
reproduced with the accompanying text (Fig. 666A, B); (3) possible relationship to Gnathabelodon. 

Barbour first interpreted this rostrum as “presumably for the attachment of a coarse heavy gristly pad 
usable perhaps in tearing leaves and twigs from the branches.” Barbour accordingly (after correcting his error 
in providing the extremity of the mandible with elongate tusks) restored and renamed this animal ( Barbour, 
1934.2, p. 305, fig. 179) “Megabelodon lulli, the Spoonbill Mastodon,” as reproduced in our figure 667. To 
further establish the “‘spoonbill” character of Megabelodon was the discovery of a perfectly preserved tusk- 
less rostrum (Neb. Mus. 2-25-6-35 N. P.-Fig. 666C) with associated right mandible containing the third molar 
(Neb. Mus. 1-25-6-35 N. P.—Fig. 245, p. 297), a vertebra, also an upper tusk “within 50 or 75 feet, or possibly 
at the same spot”’ where the type of Megabelodon lulli was found, namely, “on the east side of the Snake River, 

about 1/10 mile north of the south line of sec. 28, T. 32 N., R. 30 W., Cherry county, Nebraska,” by Frank 

Walker Johnson, head of the Nebraska State Museum field party at Burge, Nebraska, in the summer of 1935. 

The first figure of the rostrum of one of these spoonbilled mastodonts was that of Frick (1933.1, fig. 18) 

in describing his ?Amebelodon joraki, reproduced in this Memoir as Trilophodon (Amebelodon) joraki type (p. 

327, fig. 281 A). Osborn erroneously referred this specimen (p. 326) to Trilophodon joraki; Frick erroneously 

entered it as ?Amebelodon joraki Frick, 1933. Apparently of the same tuskless ‘‘spoonbill’’ character is Frick’s 

Trilophodon cruziensis (Frick, 1933.1, figs. 10, 12A, 17, 283A, 25), redescribed by Osborn as Trilophodon cruzien- 

sis type (Fig. 281 B, p. 327, this Memoir). 

The divergence between these various kinds of spoonbills is shown, first, in the more or less perfect adapta- 

tion of the rostrum of the tuskless mandible to its uprooting habits which seems to be most perfect in Gnatha- 

belodon thorpei; second, in the correlated relatively simple structure of the third inferior grinding teeth. In 

Megabelodon lulli the third inferior molars are very simple and only four crested; in Megabelodon joraki the 

number of ridge-crests is uncertain; in Megabelodon cruziensis the third inferior molars exhibit 5% ridge-crests 

and trefoils; in Gnathabelodon thorpei there are only 4% ridge-crests above and 4% below; the molars are very 

broad in the last-named species. 

MountTED SKELETON OF MEGABELODON LULLI 

Director Barbour of the Nebraska State Museum secured in 1931 from the east edge of the Forest Reser- 

vation, Cherry County, Nebraska, the partial skeleton referred to Megabelodon lulli which was restored and 

mounted May 31, 1933, and its mandibular structure (Fig. 665) throws important light on the type mandible 

of Megabelodon lulli (Neb. Mus. 10-8-14). Barbour writes as follows (Barbour, 1934.2, p. 303): 

\(Osborn, October, 1935) This section is written at the very moment of going to the final printing, without time for thorough examination and 

comparison. 
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“The following parts were secured: the two upper tusks, the mandible, axis, ribs, certain limb bones, a 

perfect pelvis including the sacrum, and the elements of the left fore limb in articulation from the scapula to 

the tips of the toes with even the sesamoids in place. The elements of this limb, as seen in the full-page half- 

tone [our figure 667], are held together mainly by the matrix out of which they were chiseled, and the position 

of the limb inspires the fancy that the creature, in life, startled by some carnivore, had jerked up his foot. This 

presumptive circumstance furnished the idea for the first pose, which may be used as the final one, after suit- 

able adjustments have been made. In carrying out the conception, this mastodon is mounted in a partly rear- 

ing position, and beside it, near a rock, is the skeleton of a crouching sabre-toothed tiger. The design was 

conceived in response to a strong desire on the part of the field men that these venerable bones found in such 

perfect alignment should not be irreverently disarticulated. It was a unanimous wish that this limb be mounted 

as found in the rocks.” 

“Unfortunately, the skull had weathered away, but the two tusks were left, while the mandible is prac- 

tically perfect throughout, and is of peculiar interest. The rami of the jaw are massive, and strong, while the 

rostrum is long, slim, weak, tuskless, and recurved, giving a decidedly rhynchotheroid effect. It is the very 

tip of the rostrum which challenges first attention. The rostrum is exceptionally thin and narrow, but at the 

very tip flares into the form of a spoonbill, so this specimen has come to be known familiarly as the Spoonbill 

Mastodon.”’ 

Fig. 666.—‘‘Megabelodon lulli, expanded tips of two rostra, each showing 

a deep symmetrical scar presumably for the attachment of a coarse heavy 

gristly pad usable perhaps in tearing leaves and twigs from the branches. 

Viewed from above.” Barbour, 1934.2, p. 307, fig. 180. 

A, “Expanded rostrum of the specimen in the museum of the 

South Dakota School of Mines, for comparison. By permission of 

Dr. O’Hara.” 

B, “Expanded rostrum of the Spoonbill Mastodon, number 
. 29-7-31, Cherry County, Nebraska. About 1 natural size.” 

Drawn from original specimen kindly loaned by Dr. E. H. Barbour, and 

inserted for comparison. 
Fig. 665. Mandible of Megabelodon lulli ref. belonging to the Cherry C, Tip of rostrum (Neb. Mus. 2-25-6-35) discovered in the 

County, Nebraska, skeleton (Neb. Mus. 29-7-31). (Upper) Lateral view summer of 1935 at, or near, the type locality of Megabelodon lulli by 

with two sections. (Lower) Mandible viewed from below, showing long, the University of Nebraska field parties. Associated with right man- 

slender rostrum expanded at the tip, and two rounded prominences. After dible containing third molar (see Fig. 245, p. 297 above). One-sixth 

Barbour, 1934.2, figs. 177 and 178. Both views about one-twelfth natural size. natural size. 
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MANDIBLES AND RostRA OF MEGABELODON LULLI 

Doctor Barbour continues his description of this referred specimen (Barbour, 1934.2, pp. 304, 306, 307): 

‘“‘When viewed from below, the flared rostrum [Neb. Mus. 29-7-31] exhibits two hemispherical prominences, as 

may be seen in the accompanying figure [our figure 665]. Viewed from above, there is seen a deep, symmetrical, 

roughened scar at the immediate tip, designed apparently for the attachment of heavy muscles. This leads to the 

conception that the specimen under consideration may have had a powerful opposable lower lip-like appendage. 

Or, what is more probable, the roughness may have served for the attachment of a coarse opposable gristly pad. 

Hither one might have aided the creature in stripping leaves and twigs from underbrush and boughs. If the sear 

is merely alveolar, resulting from the abortion of the tusks, the flaring of the rostrum is not without significance.” 

iss ) 2 
The mandible does not seem to be that of a tuskless female, nor a tuskless male, for that matter. It is 

difficult however to judge, for variability is a law with which to reckon and it operates within wide limits.”’ 

“Had a solitary specimen been found instead of several, the tuskless state of this jaw might possibly have 

passed as a case of aberration. However, with four jaws at hand, all alike even to minor details, the evidence 

is strongly against any assumption of abnormality.” 

Fig. 667. Referred skeleton of Megabelodon lulli, the Spoonbill Mastodon. 

represented as having been startled by a sabre-tooth tiger. (Unfinished mount.) 
Morrill Palaeontological Collection of the Nebraska State Museum 29-7-31. 

About one forty-fifth natural size. After Barbour, 1934.2, fig. 179. 

As quoted above, Barbour mentions “four jaws” of the “Spoonbill Mastodon” and refers to them as follows: 

“There is one fine example of this type of mastodon, a complete skeleton, T'rilophodon phippsi, in the Colorado 

Museum of Natural History, Denver. One skeleton, more or less complete, is preserved in the museum of the 

South Dakota School of Mines, at Rapid City, and two examples [7.e., the type of Megabelodon lulli, Neb. Mus. 

10-8-14, and the referred skeleton of M. lulli, Neb. Mus. 29-7-31] are to be found in the Nebraska 

State Museum.” 
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NEW SHOVEL-JAWED GNATHABELODON FROM KANSAS 

The discovery of the absolutely unique Gnathabelodon is one of the greatest surprises in the long history of the 

adaptive radiation of the mastodontoid Proboscidea. Noone could have dreamed of the evolution of the elongate, 

broadly spatulate tuskless mandible from a mandible of the ancestral M@ritherium type. We were prepared for 

the degeneration of the lower incisors by the discovery of the tuskless mandible of Megabelodon lulli, also by 

the tuskless mandible of Trilophodon phippst, but the broad, birdlike, toothless bill, which is analogous to that of 

the duck-billed Platypus in the Monotreme order, exhibits an astounding divergence from the usual 

proboseidean rostrum, as well as from other members of the family BUNOMASTODONTIDZ to which this 

surprising new genus belongs. This is another proof of the existence throughout the plains of northern Eurasia 

and of North America, north and south of the 40th parallel, of great shallow sheets of water which abounded in 

succulent tubers implanted either in sand or mud of different degrees of density to which the broadened and 

lengthened incisors of the various kinds of shovel-tuskers were adapted in one extreme, with the tuskless mandibles 

in the opposite extreme. In Gnathabelodon, as described by Barbour and Sternberg, we have a mandible adapted 

to extremely soft, yielding sedimentary deposits. It is possible, although not probable, that this mandible was 

partly sheathed in horn. It certainly was sheathed in resistant epidermis. 

SuPpERFAMILY: MASTODONTOIDEA Osborn, 1921 

FamiLty: BUNOMASTODONTID Osborn, 1921 

Supramity: GNATHABELODONTIN&© Barbour and Sternberg, 1935 (emend. Osborn) 

Original reference: Barbour and Sternberg, 1935. “‘Gnathabelodon thorpei gen. et sp. nov. A new mud-grubbing Masto- 

don.’”’ Neb. State Mus., Bull. 42, I, May, pp. 395-404. 

SUBFAMILY CHARACTERS.—(Barbour and Sternberg, 1935, p. 396): ‘‘This unique, longirostral, mud- 

grubbing mastodont cannot be referred to the tetrabelodonts, the amebelodonts, or the platybelodonts. 

Accordingly, we are proposing for this particular ‘belodon’ the name Gnathabelodon thorper. The generic 

title is in allusion to its tuskless mandible, and the specific in recognition of the work done on fossil 

mammals by Dr. Malcolm R. Thorpe.” 

“Gnathabelodon is fully entitled to be placed in a new subfamily, namely, Gnathalodontinae |Gnatha- 

belodontine].”’ 

OsBorN DEFINITION, ‘1935.—(1) Lower jaws elongated (longirostral), expanding broadly towards the ex- 

tremities with an elongated and longitudinally grooved symphysis. (2) Inferior incisive tusks wanting, replaced 

by a broadly expanded, sharpened bony border, probably sheathed with hardened epidermis. (3) Superior incisive 

tusks without enamel, rounded, outcurved, probably for defensive purposes. (4) Intermediate grinders trilo- 

phodont, in old age reduced to a single pair above and below. (5) Superior and inferior grinding teeth tetra- to 

pentalophoid, ptychodont, with double entotrefoils and rudimentary ectotrefoils in superior molars, double 

ectotrefoils on inferior molars. In general, of progressive, bunomastodont type with central conules. Third and 

fourth crests less progressive with four conelets; fifth crest with two conelets. 
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Genus: GNATHABELODON Barbour and Sternberg, 1935 

_ Generic Cuaractrers.—(Barbour and Sternberg, 1935, pp. 396-404) Mandible greatly elongated, 
i. e., ‘longirostral.’ Rostrum expanding towards extremity into a broad tuskless anterior border (Barbour 
and Sternberg, 1935, fig. 188) ; mandibular symphysis greatly elongated, deeply grooved (op. cit., fig. 187) ; 
lateral and terminal borders sharpened, inferior border decurved, terminal border drawn out into a thin 
edge. Mental foramen very large as in Megabelodon lulli. No vestiges of inferior tusks; superior tusks 
rounded, curved, projecting beyond extremity of mandible; entirely without enamel band, adapted to 
defensive or uprooting purposes. Superior molars with very prominent internal trefoils on proto- and 
metalophs, multiplied cones and conelets on trito- and tetartolophs (op. cit., fig. 189); relatively broad, 
length 205 mm., width 111 mm., index 54. Third lower molars with prominent external trefoils on proto- 
and metalophs, tritoloph consisting of four irregular conelets, tetartoloph of two cones; rudimentary 
proto- and metalophids with double trefoils. Tritolophid with four conelets, tetartolophid with two 
cones, rudimentary pentalophid with two cones; central conules apparently present. Lower molars rela- 
tively narrow, length 166 mm., width 99 mm., index 60. Second lower molar apparently trilophoid, 
relatively small, ap. 99 mm., tr. 63 mm., index 63. Molars a unique combination of characters ob- 
served in the Bunomastodontide and in the Mastodontide. 

OsBorn, 1935.—The above mandibular and dental characters widely separate Gnathabelodon from 
the shovel-tuskers, flat-tuskers, or any of the remaining genera of the Bunomastodontidx and Serriden- 
tide and are in full accord with Barbour’s conception of this as representing a distinct subfamily re- 
motely related to the Amebelodontine. 
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Fig. 668. Chart showing type localities of various members of the Mastodontoidea, including Gnathabelodon thorpet of northwestern Kansas (see Pl. vi). 



Fig. 669. Typr Figure or GNATHABELODON THORPEI BARBOUR AND STERNBERG, 1935 

After original photographs loaned by Doctor Barbour 

A, R.M? exhibiting four crests and rudimentary talon or pentaloph; length 205 mm., width 111 mm., index 54. One-third natural size. 
B, Diagram of the same r.M® exhibiting the cones, conelets, and central conules of the proto- and metalophs, also the four conelets of the trito-, 

tetarto-, and pentalophs, and the double trefoils of the proto- and metalophs. After original drawing by E. H. Barbour. One-third natural size. 

C, Small, much worn 1.Mg, also the narrow elongate ].M: (length 166 mm., breadth 99 mm., index 60). Observe the simple internal cones of 

the four chief crests, partly subdivided into two conelets; also the proto- and metalophs with double ectotrefoils, also the trito- and tetartolophids with four 

conelets lacking trefoils. One-third natural size. 

D, Oblique side view of the mandible with three sections of the longitudinal mandibular trough, expanding terminal portion as restored, with 
sharpened edge. One-ninth natural size. 

D1, Superior view of same, exhibiting the flaring, tuskless, gouge-shaped terminal rostrum drawn to an edge, as restored. One-tenthnatural size. 

E, The robust left superior tusk, length 6 ft. 7 in. (2007 mm.), greatest diameter 6% in. (160 mm.). One-tenth natural size. 
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Gnathabelodon thorpei Barbour and Sternberg, 1935 

Figure 669 

Gnathabelodon thorpei Barbour and Sternberg, 1935. “Gna- 

thabelodon thorpei gen. et sp. nov. A new mud-grubbing Masto- 

don.”’ Neb. State Mus., Bull. 42, I, pp. 395-404, text figs. 187— 

191. Typrr.—Third right superior molar and left tusk, inferior 

mandible (rostrum partly restored) with second and third molars 

in situ. Fort Hays Kansas State College. Horizon AND 

Locauiry.—A quarter of a mile north, and a mile and a half due 

east of Ogallah, Trego County, western Kansas, found by Robert 

Arnold on his ranch, Sec. 24, T.12'8., R.22 W., about twenty miles 

west and three miles north of Hays, Kansas. ‘The specimen was 

found in coarse cross-bedded channel gravel about 12 to 14 feet 

below the surface, an indefinite amount of material having been 

weathered off from above. A section at this spot shows four feet 

of dark clayey soil, and 22 feet of coarse cross-bedded channel 

gravel, with the skull and mandible near the middle. Professor 

Maxim K. Elias, of the University of Kansas, who has made 

special studies of Trego County, when consulted, pronounced 

this bed Late Pliocene in all probability, although he had not 

seen a section at this particular gravel pit, and based his opinion 

on neighboring exposures [op. cit., pp. 395, 396].”” Probably Middle 

Pliocene (Colbert). Tyrer Ficurres.—Barbour and Sternberg, 

1935, figs. 187-191; also figure 669 of this Memoir. 
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Tyre Description.—(Op. cit., 1935, pp. 396-404): “The 

diagnostic characters of Gnathabelodon thorpei are about as follows: 

The skull was amongst the largest known to mastodonts. Its 

tusks are long, thick, slightly helical, and are wholly destitute of 

the customary enamel band... .The large tusks of Gnathabelodon. . . 

curve gently upward and slightly outward, unlike all other longi- 

rostral proboscideans known to this region. The mandible is 

notably long, strong, and massive, and is tuskless. It flares 

immoderately at the tip, where it comes to a thin sharp edge. 

The shape of the rostrum is that of a wood carver’s gouge, or 

perhaps that of a shoehorn. Since the tip of the great flaring 

rostrum is drawn out into a thin edge, lower tusks were obviously 

precluded. Furthermore, sections of the rostrum show that the 
alveoli are ossified throughout, leaving no traces of tusks. It is 

inferred that in this genus inferior tusks had been wanting for an 

extended period, otherwise all vestiges of them could not have 
been so completely effaced. The upper borders of the rostrum, 

instead of coming to the usual edge, are strangely flattened to a full 

inch in width and are rolled outward as may be seen in the figures 

and sections. This seems to be distinctive, at least no like modifi- 

cation has fallen under our observation. These flattened borders 
suggest the possibility that they may have been covered by a 

calloused hide on which the proboscis pressed, and habitually 

rested. . .The total length of this mandible, as it stands, measured 

MEASUREMENTS 

“Mandible inches mm. 

Width across condyles 20.5 520 

Across coronoids 17.5 447 

Tip of rostrum, greatest flare 9.25 235 

Tip of rostrum restored 10 to 12 255 to 305 

Back of condyle to the last molar 18 {460} 

Back of condyle to the mental foramen 40.4 1017 

Second molar to symphysis 4.5 114 

Second molar to mental foramen 12.25 311 

Width of mandible, posterior border, molar 3 17 432 

Length of jaw from the back of the condyle to the broken tip on the median line 50 1271 

Length of jaw when restored 60 or more 1524 

Depth back of last molar 6.5 166 

Depth at mental foramen 4.5 115 

Depth near tip 5.25 133 

Skull 
Width across palate at third upper molars outside 10.25 266 

Width across second molars 8 204 

Width of palate between molars 3 75 

Width across occipital condyles 11.5 294 

Diameter of foramen magnum 3.5 89 

Tusk 

Measured on outer curve 79 2007 

Cireumference near the base 18.5 471 

Greatest diameter at this point 6.25 160 

Teeth 

Third upper molar, length 8.25 205 

Third upper molar, width 4.25 111 

Third lower molar, length 6.5 166 

Third lower molar, width 3.5 99 

Second lower molar, length 3.5 99 

Second lower molar, width 2.5 63” 
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on the median line from the condyles to the broken tip of the 
rostrum, is 50 inches. According to the statements of those who 

were present when the jaw was found, not less than ten inches 

were broken off of the tip, and all but three fragments, each about 

the size of one’s hand, were lost. Although actual contacts have 

not yet been made, the largest piece when set in place extends the 

length of the mandible at least three inches. The mandible origi- 

nally must have been five feet or more in length. Hence it is 

closely comparable in length and strength to Amebelodon fricki. 

When compared with Megabelodon lulli, which has a long, slim, 

weak rostrum, that of Gnathabelodon seems massive and powerful.” 

“The tip, when restored according to instruction, was no less 
in width than 10 to 12 inches. This is about as wide as that of 
Platybelodon grangeri, the widest known, and fully as wide as that 

of Platybelodon [Torynobelodon] barnwmbrowni.” 

“The condyles are very large, five inches in diameter, and each 

has a large process on the inner border. As established by Henry 

Fairfield Osborn, the ambelodonts [amebelodonts] were derived 

from Phiomia of the Middle Oligocene of Egypt. Gnathabelodon 

seems to have been in this line of ascent, and may be the final 

product of the amebelodonts. . . . Respecting the dentition of 

Gnathabelodon, it is a fortunate circumstance that it is practically 
perfect.” 

“The third upper molar is very large, being 8% inches long by 
4% inches wide. It displays distinct [double] trefoils in the two an- 

terior ridges and multiplied cones in the posterior. There are four 

grinding ridges and a well-developed heel. The valleys are abrupt 

and deep and all show cement. Lower molar number two is well 

worn and rounded. Molar three is 6% inches long by 3! inches 

wide. The two front ridges exhibit well-developed trefoils [and 

central conules].”’ 

OSBORN: THE PROBOSCIDEA 

lers of sand, mud, and soft earth, and it may be that Gnathabelodon 

was more habitually aquatic than either of the others. In any 

event we now know of three genera of proboscideans which in 

their mode of life seem to have been mud-grubbers as truly as 

modern elephants are browsers. In digging and shovelling the 

other two mud-grubbing mastodons, namely, Amebelodon and 

Platybelodon, had an apparent advantage in their broad, flat, 

mandibular tusks. In the ease of Platybelodon these tusks were 

immoderately broad and had sharp cutting edges well fitted for 

scooping and for shearing off vegetation. Gnathabelodon, the 

great gouge-jawed proboscidean, though lacking this cutting edge 

of dentine, may nevertheless have continued to exercise the ancient 

perogative [prerogative] of the shovelling proboscideans by gouging 

in the softer muds with its calloused mandibular shovel. As a 

better adaptation for their mud-grubbing proclivities the thick 

hide covering the borders and tip of the rostrum may have been 

very callous, even corneous, thus enabling them not only to grub 
in sandy and muddy bottoms but, by pressure of the proboscis 

upon the hardened edges of the jaw, to obtain many kinds of 

edible herbage such as leaves, twigs, pond lilies, reeds, rushes, and 

the like. In addition there was at hand a variety of floating pond 

weeds which could be scooped up by such a gouge-shaped jaw 

and conveyed readily down the symphysial trough into the mouth.” 

“Tn the case of each of the three above mentioned mud-grubbing 

mastodons, the proboscis may have been broadened into a flange- 

like projection, or into a thickened pad, as indicated in the pencil 

sketch, so as to clamp down like a lid upon the rims of the jaw as 

an aid in securing and holding floating pond weeds. In this manner 

the floating weeds could be held in the symphysial trough, and the 

water strained off, and then the plants fed upon. Perhaps, as 

already suggested, the gnathabelodonts may have been able to 

COMPARATIVE MEASUREMENTS (CF. BARBOUR AND STERNBERG, 1935) 

Gnathabelodon thor pei 

Length of mandible, condyles to anterior border of rostrum 
Length of mandible, when restored 

Length of third inferior molar 
Width of third inferior molar 

Breadth-length index of third inferior molar 

Hasitat anp Hasirs.—“The region may have been one of 

increasing aridity, in which event many creatures would of necessity 

have been driven for sustenance to the marshy places, where could 

be found grasses, sedges, and the like. If water lilies were present 

there would have been at hand a source of very nutritious food, for 

the rootstocks of pond lilies are of large size and are rich in starch, 

and serve even as an article of food in the dietary of man. It may 

be unsafe, however, to step upon the untrodden ground of palaeo- 
dietetics.” 

“The shovel-tuskers must have been adapted to a life more or 

less aquatic. In consideration of the hordes of proboscideans 

frequenting this part of the Great High Plains, where they were 

more populous perhaps than in any like area, the amebelodonts 

in the consequent competition for food may have sought the 

shallow swamps as unoccupied territory. From the start it has 

been assumed that Amebelodon and Platybelodon haunted the 

borders of streams, marshes, and ponds, and that they were shovel- 

Megabelodon lulli Amebelodon fricki 

1271 mm. 1322 mm.! 1475 mm. 

1524 

166 222 229 

99 89 89 

[60] [40] [39] 

tear off and devour certain plants, leaves, twigs, and the like by 

pressure of the broadened proboscis upon the edges of the jaw. 

The main dependence, however, may have been the floating pond 

weeds, for the interference offered by the great projecting tusks 
would hinder effective digging or gouging with the jaw. The 

upper tusks had a length of six feet and seven inches and pro- 

jected a couple of feet beyond the tip of the jaw, thus interfering 

with mud-grubbing operations. The tusks, because of their up- 

turned tips, may possibly have been put to good account in digging. 

It is a reasonable inference that the continued interference offered 

by the great upper tusks may have changed the feeding habits of 
these creatures, eventually forcing the gnathabelodonts into in- 

creasing dependence upon the more available floating pond 

vegetation. Altogether, Gnathabelodon thorpei must have been a 

novel, even grotesque, long-jawed mastodont with its modernized, 
helical tusks and its great antiquated, gouge-shaped mandible 
[Barbour and Sternberg, 1935, pp. 398—402].” 

In Chapter VIII of the present Memoir this measurement was erroneously estimated at 1504 mm. 



APPENDIX TO VOLUME I J] — or 

FamILy: BUNOMASTODONTIDA 

SUBFAMILY: AMEBELODONTIN.® 

THE SHOVEL-TUSKERS: PHIOMIA—AMEBELODON 

Up to the year 1934 the progressive species of Phiomia from the Faytim of North Africa were believed by 

Osborn to be broadly ancestral to the Trilophodon angustidens phylum of Europe, chiefly because of the fundamen- 

tal bunomastodont pattern of the Phiomia molars with ‘central conules’ conspicuous in Phiomia osborni. The 

text of Chapter VIII was arranged accordingly, but during the years 1934, 1935 the inferior incisive tusks of 

Phiomia were sectioned and intensively compared with those of Amebelodon with the surprising and most 

welcome results graphically displayed in Plate v and Plate v1 (pp. 236-237) of the present Memoir. Not only in 

external form but in the internal macroscopic and microscopic structure of the incisive tusks (Pl. v, A-F3) 

Phiomia wintoni leads into Phiomia osborni and after an immense interval of geologic time spanning the Upper 

Oligocene, the entire Miocene, and Lower Pliocene periods, the Middle Pliocene Amebelodon fricki appears in 

Nebraska as the indubitable successor of Phiomia osborni of the Oligocene River Nile of Egypt. The comparative 

sections of the tusks (reproduced to a one-third scale in Pl. v) reveal the following determinative characters: 

Phiomia wintoni, central cavity surrounded by indeterminate laminz of dentine. 

Phiomia osborni, central cavity surrounded by seven (1—7) laminz of dentine. 

Amebelodon fricki, central cavity surrounded by nine laminz (1-9) of dentine. 

This central cavity and the progressively added dentinal lamine sharply separate off the tusks of Phiomia— 

Amebelodon from those of the Serridentinus—Platybelodon grangeri group (Fig. 286) in which there is no central 

cavity and the compact interior is filled with the dentinal rod-cones clearly represented in figures 430 and 431, page 

465, of the present Volume I, and fully summarized by Colbert, as follows: 

Dentinal tubes, or more properly, rods, have been observed in the tusks of the following species of mastodonts: 

Platybelodon grangeri 

Torynobelodon loomisi 

Torynobelodon barnumbrownt 

Platybelodon sp. (Colo. Mus. No. 1319) 

Dentinal rods are not present in the following species: 
Amebelodon fricki 

Amebelodon sinclairi 

It would seem possible, then, that the presence or absence of these rods distinguishes the two subfamilies Platybelodontine 

and Amebelodontinae respectively. Thus the Texas specimen (Colo. Mus. 1319) once referred to Amebelodon is probably, 

because of the presence of these rods, a narrow-tusked Platybelodon. Perhaps the presence or the absence of these dentinal rods 

should be given more weight in making taxonomic distinctions between the two subfamilies of shovel-tuskers than the actual or 

relative width of the tusks. It would seem likely, also, that in the Platybelodontine the tusks are square across the ends, where- 

as in the Amebelodontine the ends of the tusks are rounded. 

Therefore the two subfamilies might be distinguished in part in the following way: 

PLATYBELODONTIN ® AMEBELODONTINZ 

Tusks with dentinal rods; tips square. Tusks without dentinal rods; tips rounded. 

The origin of the rods constitutes a perplexing question. To me they appear to be derived from the lamellar ivory; 

perhaps they represent a secondary breaking down of the concentric cones of dentine that form the tusk. Perhaps they are 

structures developed in the pulp cavity independently of the lamellar ivory. 

In Orycteropus there are dentinal tubules, considered by Lonnberg as secondary structures developed in the pulp cavities 

of the roots of the teeth. R. Anthony regards the tubules of Orycteropus as being homologous with the sheaths of Neumann 

in ordinary mammalian dentine. 
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The structures in the tusk of Torynobelodon are solid rods, I think, and not hollow tubules comparable to the tubules in 

Orycteropus. Moreover, because of their great size and irregularity, as well as because of their solid structure, it would seem 

likely that they are not at all homologous with the tubules in Orycteropus. 

As mentioned above, these rods appear to me to be secondary forms, derived from the typical lamellar ivory. I doubt 

whether they had any realfunction. Possibly they were genetic characters, originating as mutations that were neither advantage- 

ous nor disadvantageous to the animal. 

A magnified cross-section of a dentinal rod of Torynobelodon loomisi shows that it is built up of concentric layers of den- 

tine— presumably unvascular orthodentine. An examination of the tusk of 7. loomisi shows that the rods oceupy the cen- 

tral portion of the tusk, and that they are surrounded by typical ivory. The rods are quite variable as to size, ranging from 

one to five millimeters in diameter. Many of the rods branch. There are numerous nodules or egg-shaped excrescences on the 

sides of various rods, and on some rods the external surface is granular. The rods are of varying lengths. 

The rods are “bundled” together, so to speak, in the tusk, but they are not compressed; consequently they are round and 

not hexagonal. The interstices between the rods were seemingly empty; if there was a filling of dentine it has been 

destroyed during the process of fossilization. In many places the rods seem to grade into the lamellar ivory. 

These remarkable shovel-tusks, as shown in Plate v above, not only dominate the mandible but dominate 

the entire skeleto-muscular frame of the Amebelodontinz. In brief, the ivory mass of the Amebelodon fricki tusk 

is more than seventy times greater than the ivory mass of the Phiomia osborni tusk. As carefully estimated by 

Colbert (letter, March 21, 1935), the comparison is as follows: 

“The end of the Phiomia tusk is somewhat worn; let us assume that 25 grams of ivory had been worn away 

before the tusk was fossilized; the amount worn away was probably less than that; but for all practical purposes 

we may estimate the restored weight of the Phiomia tusk as 150 grams, or 5.3 ounces.” 

The specific gravity determinations show the following results (Colbert, letter, March 21, 1935): 

“Weight of Phiomia osborni tusk (in ivory) 125 grams 4.4 ounces 

Weight of Amebelodon fricki tusk (in ivory) 10600 grams 23 Ibs., 6.0 ounces” 

“Therefore the weight of the Phiomia tusk as restored would be 1.4% of the weight of the Amebelodon 

tusk,” or, in other words, the mass of the Amebelodon tusk is more than seventy times greater than the mass of 

the Phiomia tusk. 

The highly differential rates of evolution of the dominantly progressive tusks of the relatively retrogressive 

mandibles and of the relatively arrested third superior and inferior molar teeth are shown in the following table: 

DIFFERENTIAL ALLOIOMETRIC AND ARISTOGENIC EVOLUTION OF THE MANDIBLES, 

TUSKS, AND GRINDING TEETH OF PHIOMIA AND AMEBELODON 

Actual length of Actual Relative increase Increase in tusk Length of grind- Length of M;— 

mandible, condyle length of inlength of man- length— % of ing series—% of % of mandibular 

to tip of rostrum tusks dible and tusks mandibular mandibular length (condyle to 

(condyle to tip of length (condyle length(condyleto symphysis) 

tusks) to symphysis) symphysis) 

Phiomia wintoni ref. 520 140 100 29 % 46 % Unerupted 

Phiomia wintoni ref. 640 180 120 31 34 10 % 

Phiomia osborni type 680 250 130 33 38 11 

Phiomia wintoni type 670 240e 135 35e 34 10.5 

Amebelodon fricki type 1475 1144 395 54 13 12.5 

The above differential measurements between Phiomia wintoni and Amebelodon fricki may be summarized 

us follows: 

Increase in actual length of incisive tusks = + 800% 

Increase in actual length of the mandible to tip of tusks = + 200% 

Decrease in the relative length of the surface of the grinding series = about 30.5% 

This is an outstanding example of proportional or alloiometric evolution in adaptation to a dominant habit. 
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Aquatic PLant Foop or THE ‘SHOVEL-TUSKERS,’ ‘FLAT-TUSKERS,’ AND ‘DREDGE-TUSKERS’ 

The wide geographic range of the Amebelodontine from the ancient Nile River in Oligocene times to the 
rivers and flood-plains of Nebraska in Middle Pliocene times at once suggests that there was a parallel palao- 
botanical evolution and migration both in space and time. On this point we have sought the advice of the eminent 
Director of the New York Botanical Gardens, Dr. Elmer D. Merrill,! in the following query (October 23, 1934): 

“In the closing chapter of generalizations on the habits and migrations of the Mastodontoid Proboscidea, 
I would greatly appreciate your advice as to the probable food and feeding habits of the ‘shovel-tuskers’ and other 
types produced within the so-called division Longirostrine of the Mastodonts. That food was abundant and that 
the Mastodonts flourished is shown by the extraordinary evolution of the subfamily Amebelodontine arising in 
the Phiomia osborni of the Faytim region, Egypt, and migrating to the ancient central plains of Nebraska. Besides 
there are the ‘flat-tuskers,’ Platybelodontine, in which the tusks are broadened and kept continually sharpened or 
chisel-shaped. Then there are the ‘cutting-tuskers,’ Serbelodon, a member of the Serridentine branch in which the 
lower tusks are of enormous size. Then there are the ‘prod-tuskers,’ with rodlike lower incisors terminating in 

long slender jaws, of the genus T'rilophodon. Among forest dwellers in which the jaws may have reached the 
ground are the beak-jawed Mastodonts of the genus Rhynchotherium, with slender upturned lower incisive teeth.” 

Doctor Merrill’s response is as follows (letter from E. D. Merrill, Nov. 9, 1934): 

“Responding to your query regarding the possible food of the shovel-tuskers the only suggestion I can make 

is that probably their chief source of food was representatives of the Nymphaeaceae, the water lily family, includ- 

ing such genera as Nymphaea (Europe, Asia, North and South America, Africa), Nuphar (North temperate 

zone, Europe, Asia and North America), Nelumbium (Asia, North and South America), and perhaps Victoria 

(South America). Perhaps also Euryale (Asia). The family is a very ancient one, and representatives of it are 

still dominant in shallow marshes and lakes in Europe, Asia, Africa, and North and South America. This agrees 

with the geographic distribution of these ancient animals.” 

‘As you know certain mammals feed extensively on the water lilies to-day, such as the moose and the muskrat. 

These plants grow in shallow fresh water in great abundance, and while the vegetative parts are eaten by various 

animals, such as the moose (and I think the moose also feeds on the rhizomes), the extensively developed rhizomes, 

or underground stems, are particularly acceptable to the muskrat. In the case of the true lotus (Nelumbium) 

the rhizomes are extensively utilized by the Chinese as food to-day. It may safely be assumed that the under- 

ground parts of these plants, being well supplied with starch, would be acceptable food to any herbivorous animal 

that could gain access to them. The rhizomes may be small as in Nuphar and Nymphaea, but are very extensive 

in Nelumbium, frequently several feet in length, and often as thick as one’s fore-arm; this genus occurs in both 

North America and Asia, extending from the temperate zone into the tropics. Any large animal to gain access to 

the underground portions of these plants would need special adaptations to the actual digging them out of the 

mud, and this may explain the lower jaw development in the group you are interested in.”’ 

“T can think of no other group of marsh or fresh water lake plants where any such jaw [and tusk] development 

would be needed, for the reason that most fresh water aquatics, such as the pond weeds (Potamogeton) and the 

Hydrocharitaceae, which family contains the bulk of the fresh water flowering plants, have no underground stems, 

and only weakly developed root systems, usually only enough to hold the plant in place, i.e., just enough to keep 

them floating on the surface.”’ 

Recently invited to assume the direction of the Botanical Departments of Harvard University. 
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Forest Dwellers. ‘‘I do not know what to suggest as the food plants for the forest dwelling [types of masto- 

donts, such as the Mastodontine: Mastodon, Zygolophodon, and Turicius] because in primary tropical forests 

there is almost no ground growing herbaceous plants except Zingiberaceae, which are too aromatic and too tough 

to be of much possible value as food for mammals, while the Araceae, found along streams in forests are usually 

thoroughly protected against grazing animals by having in their tissues myriads of needle-like, small, stinging 

erystals of oxalate of lime which are unbelievably irritating to mucous membranes, as you will know if you ever 

had the temerity to eat the corm of a ‘Jack-in-the-pulpit’ when you were a boy. . . . I think I’ve made a good 

guess at the food of the marsh and swamp dwellers, but I really don’t know what to suggest for the dwellers in 

savannah and semi-arid areas.”’ 

The opinion of Dr. Ralph W. Chaney, former botanical expert of the Central Asiatic Expeditions of The 

American Museum of Natural History, is as follows (Ralph W. Chaney, 1935.1, ef. pp. 75, 85, 91-95): The fol- 

lowing generalizations are made from the fossil plants of the Kuchu (Kutsha) on the northern side of the Tarim 

Basin in Sinkiang Province through the courtesy of Dr. Sven Hedin of the Sino-Swedish Expedition. The Kucha 

climate is that of a low rainfall. The geologic age is probably Pliocene and probably contemporaneous with the 

Hung Kureh. The fish remains are those of the Ameiurinae (cat fishes) now characteristic of America rather 

than Asia. 

“Within the past seven years there have been described several genera of Proboscidea, all of which occur in 

beds of Pliocene or Miocene age, and are characterized by the shovel-like development of the lower jaws and teeth. 

[These ‘shovel-’ and ‘flat-tuskers’ evolved independently in two subfamilies, Amebelodontine and Platybelodonti- 

nz. Barbour described the first of the Amebelodontine in south-central Nebraska as Amebelodon fricki (Bull. Neb. 

State Mus. 13, Vol. 1, pp. 131-134, text figs. 89-91, June, 1927)]. Subsequently members of the family have 

been recorded from the Chokrak beds of middle Miocene age in the North Caucasus by Borissiak (Platybelodon 

danovi) |Footnote: ‘Ann. Soc. Paleont. Russie, Tom. VII, pp. 105-120, Pl. vit, text figs. 1 and 2, 1927.’|, from the 

Tung Kur [Gur] formation of Pliocene age in eastern Mongolia by Osborn (Platybelodon grangeri) [Footnote: 

‘American Museum Novitates, No. 470, 1931. Recently this formation has been considered of upper Miocene age 

by Stirton, in Amer. Mus. Novy., No. 694, 1934.’], from the Ricardo formation of lower Pliocene age in the Mohave 

Desert of south-central California (Serbelodon burnhamz) by Osborn [Footnote: ‘American Museum Novitates, 

No. 639, June 29, 1933.’], and from various localities in the Pliocene of central Kansas and Nebraska by Barbour, 

including Torynobelodon (Platybelodon) barnumbrowni |Footnote: ‘Nebraska State Museum, Bull. 22, Vol. I, 

August, 1931.’]. In all cases these elephants [mastodonts] occur in sediments which appear to have accumulated 

under arid conditions.”’ 

“Commenting on the Pliocene sediments of the Iren Gobi of Mongolia, Spock has stated [Footnote: ‘American 

Museum Novitates, No. 394, December 26, 1929.’]: ‘The lacustrine and fluvial beds grade into each other laterally 

with an imbricating and mutually overlapping contact which may well be attributed to the fluctuating size of the 

lakes in which the sediments of the eastern area were laid down. Apparently the Pliocene climate was character- 

ized by marked changes in rainfall. It is worthy of note that fossils have been discovered only where there is an 

alternation of stream and lake deposits, and no organic remains have yet been found where there is an uninterrupt- 

ed sequence of beds of the same origin. From this mode of distribution and from other supporting evidence, the 

fauna is believed to have had a lake-shore habitat.’ ”’ 

“In the most complete statement as yet made regarding them [these mastodonts], Osborn has made the 

following suggestion [Footnote: ‘American Museum Novitates, No. 537, June 9, 1932.’]: ‘With few exceptions, 
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Platybelodon has been found in direct association with quantities of fresh-water bivalves, suggesting that this 
region was at that time the shoreline of a lake of considerable extent. | Platybelodon, with its broad flattened 
lower tusks, evidently found the region to its liking and very likely used its shovel-shaped jaw to scoop up suc- 
culent water plants.’ ”’ 

“The occurrence in the Kucha flora of a few leaves of Clematis, Rosa and Spiraea, and of fruits and a leaflet of 
Acer, suggests that there were canyons sufficiently close to the lakes to permit an occasional entrance into the 
sedimentary record of these more sheltered members of the flora. Just how close the canyon mouths need have 
been it is impossible to determine in exact figures, although a distance of as much as several kilometers would 
probably have been sufficient to exclude from lake deposits the leaves or fruits of any of the above mentioned 
genera except Clematis, a modern species of which ranges down into the dunes bordering the lakes of Mongolia.”’ 

“The abundance of leaves of such an aquatic plant as the cat-tail (Typha), the numerous representation of 
leaves of pond-lily (Nuphar) at the Tieh chang kou locality, the less common occurrence of leaves of sedge (Cy- 

peracites), a plant which is common today on the borders of lakes in central Asia, and of the grass (Graminites), 

indicates that deposition occurred in shallow basins occupied by water. The modern habitat of Nuphar and 

related genera shows that while it is tolerant of slightly brackish water, it does not live under conditions as 

saline as do Typha, Cyperacites and Graminites. Since these monocotyledons are more widespread than Nuphar 

in the Kucha formation, it may be assumed that the Pliocene lakes were of varying salinity. The remains of 

fish from Locality 51 in the Tarim Basin and of fresh-water snails at the adjacent Locality 59, corroborate the 

evidence of the water plants.” 

“The aquatic vegetation which forms so conspicuous an element of the Kucha flora probably made available 

an adequate supply of food over the wide area occupied by the shovel-tuskers during late Tertiary time. Stems 

of Typha and the sedges, as well as roots of Typha and Nuphar contain sufficient starch to serve as food, and 

must have been available in large numbers on the borders of the Pliocene lakes. Lakes and swamps are of common 

occurrence in the semi-arid parts of Asia and North America today, and if the climate of the Tertiary was more 

humid than that of today, as suggested above, they may be assumed to have been still more numerous during the 

Pliocene. The widespread occurrence of the shovel-tuskers, and the probability that their feeding habits were 

essentially as described by Osborn, serves to corroborate the evidence of the Kucha plants that lakes, occupying 

basins developed under semi-arid conditions, were generally distributed in central Asia during the Pliocene epoch. 

While many of them may have been smaller than Tsagan Nor and other modern lakes of central Asia, it seems 

reasonable to conclude that they were more numerous than at present, affording many situations where the 

Amebelodontine may have secured food, and where plant remains might accumulate and enter the sedimentary 

record.” 

‘Aquatic plantsincluding leaves and roots of pond-lilies (Nymphaea) and leaves of Typhaare numerous in beds 

of upper Miocene and Pliocene age in Nevada. Leaves similar to the cat-tails and sedges represented in the Kucha 

flora occur in southern California in deposits somewhat younger than those in which Serbelodon burnhami has 

been found. The Pliocene Ogallala formation of Nebraska contains large stems of Cyperus in beds adjacent to 

those in which Platybelodon [Torynobelodon| barnumbrowni was collected. It seems possible to conclude that 

a food supply similar to that provided by the plants of the Kucha flora in central Asia was available for the 

Amebelodonts of North America, and that a generally similar topographic and climatic setting characterized 

extensive areas in both continents during later Tertiary time.” 
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BREVIROSTRINA OF CHINA 

Dr. A. Tindell Hopwood (1935.1, p. 56) gives the original references of Falconer’s Pentalophodon, classified 

in the present Memoir among the Brevirostrine (see Chap. XIII, pp. 647-653). The following is a citation 

from Hopwood’s Memoir (op. cit., pp. 56, 57): 

“This name [Mastodon sivalensis Cautley, genotype of Pentalophodon| was originally used by Falconer 

as indicating a theoretical stage in the evolution of the Proboscidea from Mastodon to Stegodon. He later 

decided that MW. sivalensis came very close to this theoretical stage, and placed it under the sub-generic head- 

ing Pentalophodon. After that all specimens from India with any tendency to five ridges in the intermediate 

molars, and with alternating cusps, were usually grouped with M. (Pentalophodon) sivalensis. This led to con- 

fusion when dealing with a long series of teeth, for it is now evident that there was more than one species involved, 

and that not all the intermediate molars have five ridges. If, however, Falconer’s original series of specimens, 

now in the Geological Department of the British Museum, be examined, it will be found that, with the nota- 

ble exception of one skull (regd. M2877, figd. Fale. & Caut., 1847, pls. xxxii, xxxi [|= Pentalophodon falcon- 

eri sp. nov.]) they all show the same characters, and that the specimens which Falconer & Cautley figured 

in the ‘Fauna Antiqua Sivalensis’ as Mastodon sivalensis all belong to one species [of these Brit. Mus. M. 2881 

(Falconer and Cautley, 1847, Pl. xxxtv, fig. 1) is referred by Osborn to Tetralophodon (Lydekkeria) (?) falconeri 

(see Chap. IX, p. 354 above) and the specimen figured by Falconer and Cautley in Plate xxxv1, figures 6, 6a 

is referred to Anancus perimensis (see Chap. XIII, fig. 617, p. 651 above)|. The confusion found in the works 

of later authors is largely due to the misinterpretation of Faleoner’s work by Lydekker (cf. Lydekker, 1880 

[1880.1]), who included under this species other forms which Professor Osborn has separated as a distinct genus, 

Synconolophus (Osborn, 1929 [1929.797], p. 9).” 

Fig. 670. Migration routes of the three phyla 

of Brevirostrine of the family Bunomastodontide 
from a hypothetic African ancestral origin to 
Europe and thence to India. Since this map was 
drawn, Hopwood (1935.1) has discovered the form 

Pentalophodon [= Anancus] sinensis in the (?)Plio- 
cene of Shansi, China. 

SESS 
=) 

Za are Canc 24 re | cS 
Brevirostrines. ©-®@Anancus of Furope. ©-® Anancus, 
~~~ Pentalophodon, —-——« Synconolophus of Asia. HFO. 1934 
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“Cautley’s best specimen (Cautley, 1836, pl. xi, figs. 2, 3), appears to have been lost many years ago. It 

is not mentioned by Falconer or Lydekker, nor is it figured in the ‘Fauna Antiqua Sivalensis,’ so that we are 

deprived of the valuable information which would be afforded by a re-examination of the fossil itself, and are 

forced back upon the very crude figure which accompanies the paper. There does not seem to be any doubt, 

so far as the figure is reliable, that specimens such as that registered M. 2874 Brit. Mus. Geol. Dept. (Fale. & 

Caut., 1847, pl. xxxvii, figs. 8, 8a) are correctly referred, and that from them we may learn all the characters 

of the species.”’ 
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This is important, for the following specimen from Shansi has only four ridges in the intermediate molars, 

yet the third upper molar differs but little from that of P. sivalensis, and it is because of the agreement be- 

tween the third upper molars that the specimen is referred to Pentalophodon.”’ 

A synopsis of this new species from China is as follows (Hopwood, 1935.1, pp. 57, 58, 59, 60): 

Anancus sinensis Hopwood, 1935 

Figure 671 

Pentalophodon sinensis Hopwood, 1935. 

“Second and third left upper molars. 

figure 671 of the present Memoir. 
“Diagnosis.—A Pentalophodon which is more primitive than 

the genotype. Intermediate molars with four ridges and a 

strong talon. Anterior buttress of third upper molar stronger, 

accessory columns not so highly developed.” 

“ Holotype.—The left second and third upper molars of one 

individual. The second molar is extensively worn, and wear 

has just exposed the dentine of the first ridge of the third molar.’’ 

“ Material—tIn addition to the holotype, a left lower in- 

termediate molar; either the fourth deciduous molar, or else 

the first permanent tooth, very worn.” 

Plate vu, fig. 2. 

Holotype.” See also 

“ Dimensions.— 

Upper Dentition Length Breadth Height Index 

Holotype M2 146 83 iii ? 57 
M3 216 92 iii 66 ili 42.7 

Lower Dentition 
M1 114 63 iv ? 55 

“Most of the details of the construction of the second molar 

have been destroyed; all that remains is the ground plan of the 

last two ridges. 

pletely. 

Those in front have disappeared almost com- 

The section of the fifth cusp suggests that it was made 

of two cones without any accessory structures whereas the tre- 

foil section of the seventh cusp with the relative sizes of the 

lobes, indicate the presence of two cones, with a third postero- 

internal accessory to them.” 

*‘ Discussion.— The specimens of P. sivalensis used for com- 

parison with this species were a third left upper molar (M 2857) 

[=Anancus perimensis] and a second right upper molar (40776). 

These were chosen as being the best preserved specimens avail- 

able; the third molar is figured in the ‘Fauna Antiqua Sivalensis,’ 

pl. xxxvi, figs. 6, 6a.” 

“When the two species are placed side by side, it is evident 

that P. sivalensis has the shorter tooth (194 mm), and since 

it has a ridge formula of 6% that the ridges are closer together 

than they are in P. sinensis. It has the accessory structures 

behind the inner cones of the post-trite better developed too. 

There is a distinct column behind the sixth cusp, and one begin- 

ning to bud off from the eighth. That is, the budding off of 

Typpb oF ANANCUS SINENSIS 

Fig. 671. Type second and third left superior molars of Pentalophodon sinensis Hopwood, 1935, Pl. vu, fig. 2, one-half 

natural size. Observe strong alternation of internal and external cones, four ridge-crests in 1.M?, five to six ridge-crests in 

1.M°, Compare with diagrammatic drawings of Anancus properimensis and A. perimensis (Fig. 609, p. 643 above), each 

with six ridge-crests, and Pentalophodon falconeri (Fig. 614, p. 646). 

“ Horizon.—Unknown: Pliocene?”’ 
“ Localities —Shansi, Yii She Hsien, NW 20 li, San Chuang, 

NE 1 li : locality of holotype; Shansi, Yii She Hsien, 

NW 20 li, Ni Ho Chang, E 1 li, Kuan Tao Kou.” 

“‘ Description —The best preserved tooth is the third molar 

of the holotype. This has six ridges which gradually decrease 

in height and complexity from before backwards. All the pretrite 

cusps, except the eleventh, are made up of two sub-equal cones; 

the eleventh alone has three. Each of them, except the first, is 

slightly oblique to the long axis of the tooth, and has its inner 

cone set in advance of the inner cone of the post-trite cusp.”’ 

accessory structures has proceeded back one ridge farther in 

P. sivalensis than in P. sinensis. Another sign of progress is 

seen in the talon. This consists of three cones, instead of the 

single cone flanked by slight swellings of P. stnensis.”’ 

“The second upper molar of P. sinensis is so worn that 

comparisons between it and the corresponding tooth of P. siva- 

lensis have very little value. It is evident however, that the 

talon was only a posterior buttress and not a fifth ridge similar 

to that seen in the specimen of P. sivalensis regd. 40776. An- 

other specimen from India (16363) which is slightly more worn 

than the type of P. sinensis, and which formed part.of Cautley’s 
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original material (Cautley, 1836, pl. xi, fig. 11) shows quite which has four ridge-crests in the intermediate molars and five 

definitely that it had five ridges, and that the pretrite cusp of to six ridge-crests in the third molars (see Fig. 592, p. 627, this 

the fifth ridge was oblique to the long axis of the tooth. Behind Memoir), rather than with the much more progressive Penta- 

this fifth ridge are traces of a small talon.” lophodon, which has five ridge-crests in the intermediate molars 

“The lower tooth of P. sinensis is hardly to be distinguished and six full ridge-crests and a half in the third inferior molars 

from that of P. sivalensis except by means of its lower ridge (see Fig. 615, p. 649, this Memoir). The type superior molar, 

formula. That there are no other specimens in the collection is 1.M’, in the separateness of its cones and conelets resembles 

a pity, for comparison of the unworn teeth would yield inter- the 1.Ms of Anancus perimensis Falconer (see Fig. 609, p. 643 
esting differences in various points [of] detail. Such would be of this Memoir) far more closely than it does the highly pro- 

a comparison of the structure of the pretrite cones, or buttresses, gressive and compressed molars of Pentalophodon falconeri 

accessory to the main cusp.” Osborn (Fig. 614, p. 646). The second molar, 1.M?’, has only 

Osborn, 1935: Osborn recognizes this type as a member four ridge-crests instead of the five generically characteristic 

of the Brevirostrine but is inclined to place it with Anancus, of Pentalophodon. 

THE NEW FAMILY HUMBOLDTIDA 

Cuvier’s two classic types of the South American Mastodonts, ‘““Mastodonte Humboldien” and ‘“Masto- 

donte des Cordiliéres,” were first unnaturally grouped by Osborn in the subfamily Notorostrinze Osborn, 1921, 

as fully described on pages 515-524, 538, 539, and 542 of Chapter XII. In 1921-1931 Osborn considered the 

separation of the group typified by Cuvieronius and Eubelodon from the Notorostrine typified by Cordillerion. 

Finally in 1934 Osborn accepted Cabrera’s determination of Stegomastodon as a Humboldtine and in 1935 raised 

the subfamily Humboldtine (see p. 575 above) to family rank, Humboldtid, typified by the genus Cuveronius 

Osborn, 1923, and including the genera Eubelodon Barbour, 1914, and Stegomastodon Pohlig, 1912. The family 

definition of the Humboldtidz embraces the characters of these three genera, as follows: 

HUMBOLDTID&@ fam. nov. 

Original reference: For name only, see Osborn, 1935.937, fig. 2. 

Mandibular ramus abbreviating (Hubelodon, Cuvieronius) and tuskless; grinding function borne in old 

age by third superior and inferior molars which, from relatively simple ridge-crests (Stegomastodon primitivus), 

progress to multiple ridge-crests with double to quadruple trefoils closely compacted, enamel thick, highly 

ptychoid, adapted to a purely grinding function, probably inhabiting plains and uplands regions and eating the 

harder kinds of grassy and siliceous food in the Pampean region of South America (Cuvieronius) and the 

high plateaus of North America (Stegomastodon). Superior tusks progressively up- and out-turned, entirely 

losing enamel band, readily distinguished from the Serridentide of South America (Notiomastodon) by absence 

of broad enamel band and by trefoils developing primarily from the mesoconelets. Readily distinguished from 

the Notorostrine of the family Bunomastodontide (ef. p. 226 of Chapter VIII) by absence of central conules 

which are characteristic of Cordillerion (see Fig. 513, p. 553). 

DISTINCTIONS BETWEEN CUVIERONIUS PLATENSIS AND CUVIERONIUS SUPERBUS 

The author is greatly indebted to Director Martin Doello-Jurado of the Buenos Aires Museum for the 

loan to the American Museum of finely preserved mandibular rami (Buenos Aires Mus. 5213, Amer. Mus. cast 

27795; Buenos Aires Mus. 44, Amer. Mus. cast 27796) which Cabrera refers respectively to Cuvieronius plat- 

ensis Ameghino and Cuvieronius superbus Ameghino. These are diagrammatically represented side by side in 

the accompanying figure 672 to illustrate the respective characters of these two outstanding species of the Pam- 

pean of Argentina. 
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Referred mandible and second and third inferior molars of 
Cuvieronius platensis Ameghino, 1888. Buenos Aires 
Museum 5213, cast Amer. Mus. 27795. After original 
kindly loaned by Director Doello-Jurado. The same 
mandible is mentioned in Cabrera’s Memoir (1929.1, p. 
100) as ‘Stegomastodon’ [=Cuvieronius| platensis. 

It will be observed that there are five ridge-crests (I-V) and 
a single cone representing the rudiment of ridge-crest VI. 

The two anterior ridge-crests, proto- and metalophids, 

exhibit four conelets and double trefoils. The third crest 

(IIT) exhibits four cones and the rudiment of a single ecto- 

Referred left mandible with 1M, of Cuvieronius superbus 

Ameghino, 1888. Buenos Aires Museum 44, cast Amer. 

Mus. 27796. After original kindly loaned by Director 

Doello-Jurado. This mandible was described and figured 

by Burmeister (1866.1, pp. 288-296, Pl. x1v) in his “Lista 

de los Mamiferos Fosiles del Terreno Diluviano” as Mas- 

todon Humboldtii, and is reproduced on page 578 above 

as Cuvieronius superbus. The same mandible is mention- 

ed in Cabrera’s Memoir (1929.1, p. 121) as ‘Stegomastodon’ 

[=Cuvieronius] superbus. A comparison with similar 

molars indicates that ridge-crests I-V probably exhibited 
trefoil; the fourth and fifth crests (IV-V) exhibit three 
cones only and no trefoils. 

The coronoid process is extremely elevated and broad, over- 

lapping the posterior crest of 1.M;; it is on the same level 
as the condyle. 

In proposing this species in the year 1888, Ameghino (1888.1, 

p. 7) defined it as follows: “Mastodon platensis, n. sp.— 
The inner cusps of the upper molars and the outer of the 

lower, broader and worn into the shape of a trefoil leaf. 

Tusks not very large, straight or almost straight, and 

without longitudinal band of enamel, no traces of 

spiral.—Size a little greater than that of Mastodon 

andium and somewhat less than that of Mastodon 

Humboldtii.—Tusks as much as 2 meters long and 44 em. 

in circumference at the base.—Sixth upper molar 175 

mm. long and 8 ctm. wide, composed of 4 transverse 

cones and a posterior basal projection. Locality: Lower 

Pampean of the Province of Buenos Aires.”’ 

On pages 588-598 of the present Memoir, the definitions 

of Cuvieronius platensis of Ameghino, of Boule, and 

of Cabrera are fully cited, also the type figures of 

Cuv. platensis and of Cuv. superbus. The referred su- 

perior and inferior molars, from the Inferior or Middle 

Pampean, of Cuv. platensis with six ridge-crests are 
shown in figure 560, page 594. Simpson (page 595 of 

present Memoir), who studied the original collection, 

confirms Ameghino and Cabrera to the effect that Cwv. 

platensis has a higher number of ridge-crests; has 

tusks nearly straight and rather slender. 

Cuvieronius platensis occurs chiefly in areas to the north and 

to the south of the Province of Buenos Aires. 

four conelets, ridge-crests I-IV only with double trefoils. 

The sixth ridge-crest (VI) is represented by a single cone 

as in Cuvieronius platensis. 

The coronoid process is relatively small and low, not covering 

the posterior ridge-crest of 1.M;. The condyle is rela- 
tively elevated. 

In proposing this species in the year 1888, Ameghino (1888.1, 

p. 7) defined it as follows: “Mastodon superbus, n. 

sp.—Transverse cones of the molars worn into the shape 
of a thick short trefoil leaf, as in M. Humboldtii.—Gi- 

gantic size, greater than that of M. Humboldtii but less 

robust.—Tusks very long but proportionately slender, 

with little perceptible curve for the greater part of the 

length, but more pronounced in the anterior quarter 
and at its greatest near the middle; they lack all traces 

of spiral curving, and of an enamel band, reaching a size 

of 2m. 40 long, by 53 ctm. circumference at the base.— 

Length of the last upper molar 24 etm. Length of the 

last lower molar 27 ctm.—Femur 1 m. 10 long, but 

relatively slender.—Locality: Lacustrian Pampean of 

the Province of Buenos Aires.” 

Ameghino and Cabrera agree in defining superbus as of larger 

size with large, curved tusks, molars relatively short and 

broad with four well developed ridge-crests and rudiment 

of a fifth (Fig. 561, p. 594), double and highly plicated 

ento- and ectotrefoils on ridge-crests I-IV. 

Cuvieronius superbus occurs chiefly in central areas of the 
Province of Buenos Aires. 

From the above comparisons and from figure 672 below Osborn agrees with Simpson and Colbert that 

Cuvieronius platensis and C. superbus represent two different lines of specific descent; C. platensis is more pro- 

gressive in the usually higher number of ridge-crests but less progressive in the evolution of trefoils. Conse- 

quently the molar of C. platensis may be more of a browsing than of a grazing adaptation. C. superbus is more 

progressive in the evolution and plication of its trefoils but less progressive in the possession of a more limited 

number of ridge-crests. As Colbert remarks (Colbert letter, Oct. 15, 1935): ‘‘As I see it, C. platensis is pro- 

gressive in its elongated molar with 5% ridge-crests, but primitive in the single trefoils and the relatively 

simple enamel pattern. C. superbus is primitive in the shorter molar with typically 4% ridge-crests, but progres- 

sive in the double trefoils and the complex enamel pattern. To my mind, the development of the trefoils and 

the complication of the enamel folding is of more importance than the presence or absence of a ridge-crest.”’ 
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As to geologic age, the two species may have been contemporaneous as in the case of the white, or grazing, 

rhinoceros (Ceratotherium simum cottonr) and the black, or browsing, rhinoceros (Rhinoceros bicornis) of Africa. 

Cuvieronius platensis may have ranged chiefly in partly forested or browsing areas while C. superbus ranged 

chiefly in partly grassy or grazing areas. C. platensis may have flourished chiefly in Lower and Middle Pam- 

pean time, while C. swperbus flourished chiefly in Upper Pampean time. 

Cast AM.27796 

TI IV 

Cuvieronius platensis Ameghino ref. Buenos Aires Mus. 44 

Buenos Aires Mus. 5213 CuvieroniLs superbus Ameghino ref 

Fig. 672. Comparison of referred Cuvieronius platensis and C. superbus. Drawn from casts. Teeth less than one-half natural size; jaws about one-sixth 

natural size. For detailed description of these specimens, see previous page (p. 723). Description and figures of the types of Cuvieronius platensis and C. 
superbus will be found on pages 579 and 580 of Chapter XII above. 

A NEW STEGOMASTODON 

As explained above, until 1934 Osborn erroneously placed Stegomastodon with the Brevirostrine and there- 

fore included his description of this genus in Chapter XIII. Fortunately the superb Pleistocene quarry of 

specimens of Stegomastodon primitivus opened near Ainsworth, Nebraska, was discovered in time to include 

the present species. This new species is surprisingly primitive and differs even from the relatively primitive S. 

successor. 
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Stegomastodon primitivus sp. nov. 

Figures 674-676 

Horizon.—Found in a peat bed of Lower Pleistocene 

(21st Interglacial) age as determined by Lugn and Schultz (1934.1, 

p. 335), northeast of Ainsworth, Nebraska. The type palate 

(F.:A.M. 25000) was found by the Morris 8. Skinner party of the 

Childs Frick Expedition of the year 1934 about seventy-five feet 

from the northwest corner of the main quarry. As shown in the 

Lugn and Schultz chart of 1935 (Fig. 673) the great Stegomastodon 

Stegomastodon primitivus Type 
F.AM. 25000 

Fig. 674. Type palate and tusks of Stegomastodon primitivus sp. nov. from 
near Ainsworth, Nebraska. Tusks, r.M* and 1.M?* in situ, 1.M? reversed from 
r.M*. About one-tenth natural size. Original in Frick Collection of The Ameri- 
can Museum of Natural History (F: A. M. 25000). 

primitivus quarry lies in river deposited sands of {st Inter- 

glacial or Aftonian age, whereas the S. mirificus stage is attributed 

by them to the Kansan, IT Glacial, while the highly specialized 
S. aftonie (pp. 682, 683, this Memoir) is placed by Lugn and 
Schultz in the Yarmouth, 2nd Interglacial. Inasmuch as three types 

of Stegomastodon, namely, S. successor, S. teranus, and S. arizone, 
definitely belong in the Upper to Uppermost Pliocene, it is obvious 
that the geologic age both of S. primitivus and of S. mirificus 
demands further investigation. Typyn.—F.: A.M. 25000, 
palate with second right molar, and third molars of both sides, 
in situ in perfect state of preservation; anterior ridge-crest only 
worn (protoloph). Paratypr.—F.:A.M. 24985, mandible con- 
taining both second and third left inferior molars. This mandible 
was found in the main quarry at the point indicated on the dia- 
gram (Fig.676). Typr Ficures.—Figure 675A, palate with type 
right and left third molars; A1, paratype left third inferior molar 
in comparison with the type molar of Stegomastodon mirificus (B). 
All one-third natural size. Also figures 674 and 676. 

Type Description.—This description is based on the type 
palate (F.:A.M. 25000) and the paratype mandible (F.:A.M. 
24985) supplemented by the numerous crania and mandibles col- 
lected in the Stegomastodon primitivus quarry northeast of Ains- 
worth, Nebraska. The second upper molar has three ridge-crests; 
the third has six ridge-crests, the hexaloph being rudimentary 
with three conelets only, in comparison with S. arizone in which 
the second upper molar has four to five ridge-crests! (see pp. 678, 
679, 683, this Memoir) and the third upper molar has six plus 
ridge-crests. Since the definition of the six other known species of 
Stegomastodon (see synopsis above, p. 683) is based upon the primi- 

’Gidley’s definition is: ‘‘Tetralophodont or nearly so". . « 

OSBORN: THE PROBOSCIDEA 

tive and progressive characters of the third superior and inferior 

grinding teeth, it is best to base the type description on the char- 

acters clearly displayed diagrammatically in figure 675 A, Al, in 

which the grinding teeth are even more primitive than those of 

the type of Stegomastodon mirificus. 

STH GOMAS TODON 

Stegomastadon mirificus Type Leidy 1858 
Cast A.M.10799 

Fig. 675. Type palate (A) and paratype third left inferior molar (A1) of 
Stegomastodon primitivus sp. nov. compared with the type third left inferior 

molar of Stegomastodon mirificus Leidy (B). One-third natural size. 
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Tyre Description or Motars.—Type M? length 184 mm., 

width 75 mm., index 41, height at unworn fourth ridge 55 mm. 

Paratype Mz length 210 mm., width 89 mm., index 42, height 
70 mm. at unworn third crest. Third superior and inferior 

molars hexalophodont, five complete ridge-crests, sixth rudi- 

mentary ridge-crest consisting of three conelets. Single superior 

entotrefoils on proto- and metalophs only, rudiments of double 

ectotrefoils on proto- to tritolophs; double inferior trefoils on 

proto- and metalophids, no trefoils on trito- to hexalophids in 

contrast to Stegomastodon mirificus which has convoluted tre- 

foils on trito- and tetartolophids. Four conelets on proto- to 

tetartolophs, only three conelets on penta- to hexalophs. Four 

conelets on proto- and metalophids; three conelets only on 

trito- to hexalophids of the 1.M; of the paratype mandible. Total 

aristogenes, cones and conelets, on M*, 26-29. Total aristogenes 

on M;, 23. The S. primitivus molars are much more primitive 

than those of the genotypic species S. mirificus (Fig. 675 B) 

also more primitive than those of S. successor of the lower levels 

of the Blanco Pliocene (Fig. 641, p. 673, this Memoir), the next 

higher stage of evolution in this remarkable phylogenetic series, 

in which very prominent double trefoils appear on the ridge- 

crests of Mz and the anterior ridge-crest of M;. Counting the 

cones, conelets, and foldings of 1.M; of S. mirificus we observe 

33+ aristogenes as compared with 23 aristogenes in S. primitivus 

above, and 26+ in the more primitive S. successor. 
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GrRowTH OF TUSKS IN STEGOMASTODON PRIMITIVUS.—In 

the juvenile skull (F.:A.M. 24997) the tusk is straight. In an 

adolescent cranium (F.:A.M. 24992) with the first and second 

molars in function the tusks are outwardly turned at the tips. 

In a young adult (F.:A.M. 24990) the tusks are somewhat 

inwardly turned at the tips. In the adult (F.:A.M. 24998) the 

tusks are quite strongly incurved at the tips. In the young 

adult (F.:A.M. 24994) the tusks are incurved. In the most 

mature and perfectly preserved cranium (F.:A.M. 24993) the 

tusks are sharply incurved at the tips. It seems, therefore, 

that during individual growth of Stegomastodon primitivus the 

tusks first projected directly out from the alveoli after which 

they were simply outcurved (as in F.:A.M. 24992) and then by 

inward rotation the tips were finally incurved at the extremities 

as in the following diagram. This would appear to be a pro- 

gressive type of tusk growth quite different from the usual form 

in S. teranus (Fig. 642, p. 674) in which the tusks turn upwards 

and outwards. This sequence of tusk curvatures may be a 

specific distinction of S. primitivus. 

Cabrera (1929.1, pp. 96-140) rightly associated Stegomastodon 

and certain members of Osborn’s ‘Mastodon’ |=Cuvieronius} 

humboldtii group. The species of Stegomastodon described and 

figured herein (pp. 666-684) may now be placed in the following 

ascending order: 

ASCENDING MUTATIONS AND SPECIES OF STEGOMASTODON IN UPPER PLIOCENE AND PLEISTOCENE TIME 

Lower Pleistocene! Stegomastodon aftonize Osborn. M3 heptalophodont. Ridge-crests M3 **, hypsodont, with cement. Quadruple 

trefoils proto- to pentaloph, rudimentary on hexaloph. Length r.M* 216 mm., 

1.M? 222-230 mm. 

Uppermost Pliocene San Pedro S. arizonex Gidley. M? tetralophodont plus. M3 heptalophodont. Ridge-crests M 33). Incipient 
quadruple trefoils on proto-, metaloph and beyond. Length M; 230 mm., M* 

212 mm. 

Upper Pliocene Blanco S. teranus Osborn. Ridge-crests M 3 
54-6 
az. Quadruple trefoils proto- to hexalophid, partly sex- 

tuple. Length M* 203 mm., M; 223 mm. 

Pliocene, incertx sedis, S. chapmani Hays. 

(?)Upper Pliocene Nebraska S. mirificus Leidy. M 3a, 

(Geologie level uncertain)? 

Imperfect type. M 3 ridge-crests unknown. Single trefoils. 

hexalophid of two cones. Double trefoils on proto- to tritolophid, 

rudimentary in tetartolophid, absent in pentalophid. Length Ms 222 mm. 

Su“ 
Upper Pliocene Blanco, Lower Levels, S. successor 

Cope. 

Lower Pleistocene (1st Interglacial, Aftonian). 

Hexalophodont, M 372), hexalophid more rudimentary than in S. mirificus. 

Double trefoils on proto- to tetartolophids, pentalophid without trefoils. Length 

M; 191+ mm. 

S. primitivus sp. nov. M?® trilophodont. M3 hexalophodont, primitive. M 3st. 

Rudimentary double trefoils on proto- and metalophs, on proto- and metalo- 

phids, rudimentary single trefoils only on tritoloph, fourth to fifth crests without 

trefoils, tetrabunodont, sixth crest tribunodont. Length M* 184 mm., M; 210 mm. 

1{Lower to Middle Pleistocene. See footnote 1 on page 671 above.—Editor.} 

*{Lower to Middle Pleistocene. See footnote 1 on page 669 above.—Editor.] 
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As displayed in figure 673, Lugn and Schultz are quite con- 

fident that the Stegomastodon primitivus quarry (Fig. 676) be- 

longs in 1st Interglacial, Aftonian, time. This relatively high 

geologic position is difficult to reconcile with the fact that S. 

primitivus is in every way much more primitive than any one of 

the species in the Upper Pliocene of the Blanco or San Pedro 

OSBORN: THE PROBOSCIDEA 

(S. successor, S. teranus, S. arizone) as shown in the above 

ascending table. We observe that S. primitivus has certain 

peculiarities in the structure of the tusks which may remove it 

from the direct ancestry of the other species of Stegomastodon 

and place it in a line of its own. This important point requires 

further research. 

. G 
F:AM.24992 

—s F{A.M.24981 <x) 

eet \ pes 
F.AM.24990 

FiAM.24991 

N 

FRONT LINE OF Quarry 

F:A.M.2499 

F.AM.24998 

N 
\ 

LINN 
N 

SS 

Ws ‘ ” \ 

F‘AM.24985 f 

FIAM.24997 

F‘AM.24984 

Fig. 676. Diagram of Stegomastodon primitivus quarry exposed by the Morris S. Skinner party of the Childs Frick Expedition of the year 1934, northeast 

of Ainsworth, Nebraska. The crania and palates, more or less complete but badly crushed and distorted, are shown from the original sketch by Ralph Le Roy 

Mefferd, modified in detail by Alastair Brown. The type palate (F.:A.M. 25000) represented in figures 674 and 675 was not found inside this quarry but 

about seventy-five feet beyond the northwest corner. All the specimens in this unique assemblage are identified by Colbert as belonging to the species S. 

primitivus in different stages of individual development from the extremely aged male skull (F.:A.M. 24993) to the juvenile skull (F.:A.M. 24997). The com- 

plete key to the specimens in this remarkable deposit is as follows: 

Juvenile skull. M', 3 ridge-crests; M2, 3) ridge-crests; M® undeveloped. Tipof tusk out-turned. Length, occ. cond.-symp. of prmx. 

M?, 34 ridge-crests; anterior portion of M* just emerging. Tips of tusks turned inward. Length, 990 mm. 

M', 3 ridge-crests; M2, 3\4 ridge-crests; M*, 5! ridge-crests. Tip of tusk inturned. Length, 1100 mm. 

Length, 1000 mm. 

The most mature skull in the quarry. Teeth not visible. Tips of tusks inturned. Mandible closely appressed on the palatal surface. 

F.: A.M. 24997. Juvenile skull with Dp‘(?), 3 ridge-crests. Tusk straight. 

F.: A.M. 24982. Juvenile mandible. Teeth not visible due to crushing of the specimen. 

F.: A.M. 24992. 

750 mm. 

F.: A.M. 24981. Juvenile mandible. Mu, 3 ridge-crests; Me, 344 ridge-crests; M3 undeveloped. 

F.: A.M. 24990. Young adult skull. 

F.: A.M. 24994. Young adult skull. 

F.: A.M. 24996. Adult palate. M®%, 5! ridge-crests. Length, 775 mm. Mandible. Ms, 5}4 ridge-crests. 

F.: A.M. 24995. Imperfect adult skull. Tusk in cinches, appears to turn out at tip. M/°, 5}4-6 ridge-crests. 

F.: A.M. 24985. Adult mandible. Ms, 6 ridge-crests. Length, 870 mm. 

F.: A.M. 24998. Adult skull and mandible appressed. Tips of tusks inturned. Teeth not visible. 

F.: A.M. 24984. Mandible. Mj, 3 ridge-crests; Mos, 4 ridge-crests; M3 undeveloped. Length, 680 mm. 

F.: A.M. 24991. Palate and teeth. M®*, 5!6 ridge-crests. Length, 850 mm. 

F.: A.M. 24993. 

Length, 980 mm. 

I.: A.M. 25000. Type palate, not found within the quarry. M2”, 3 ridge-crests; M’*, 5) ridge-crests. Estimated length, 800 mm. 
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THE FAMILY SERRIDENTID® 

INCLUDING ALL THE ‘SERRATE-TooTHED’ Mastroponts 

One of the most surprising results of the researches for the present Memoir is the wide geographic dis- 
tribution and complete separation of the Serrate-toothed Mastodonts not only from the Trilophodonts but 
from all other mastodonts, thereby constituting a very large and highly diversified new family (ef. pp. 381, 
384, 385 above) which, according to present discovery, includes no less than forty species (see List of Species at 
the end of this Appendix) united by the common character of the serrated crests arising from the ectoconelets 
in the lower molars and from the entoconelets in the upper molars; united also by the enamel bands on the 
superior incisive tusks which were doubtless kept sharpened and used for defensive and offensive purposes 
both by males and females; separated by the widely radiating adaptations of the inferior incisive tusks. 

These forty species of Serridentines are grouped within seven genera, all of recent discovery and definition, 

as follows: 

Serridentinus Osborn, 1923, typical Serridentines, including twenty-two species distributed in Colorado, 
California, New Mexico, Texas, Nebraska, Florida, Guatemala, China, Mongolia, Japan, India, Austria, 

and France. 

Ocalientinus Frick, 1933, eight species from Florida, South Carolina, Kansas, New Mexico, and Mongolia. 

Serbelodon Frick, 1933, three species discovered in Texas, Nebraska, and California. 

Trobelodon Frick, 1933, one species from New Mexico. 

Platybelodon Borissiak, 1928, 1929, two species, Mongolia and North Caucasus. 

Torynobelodon Barbour, 1929, two species from Nebraska. 

Notiomastodon Cabrera, 1929, two species, Argentina. 

Browsers. It has been almost universally observed that the members of the Serridentide, especially the 

relatively common typical or true Serridentinus, do not occur in the same fossil beds with members of the Buno- 

mastodontide, and the logical inference is that they had different feeding habits; the more or less perfectly 

serrated crests on the inner sides of the upper molars and outer sides of the lower molars point to leaf-cutting 

and browsing habits and give rise to the hypothesis that the typical Serridentines, at least, frequented forests 

and were principally browsers, while Platybelodon (typical flat-tusker), Serbelodon (cutting-tusker), and Tro- 

belodon frequented shallow lakes and river borders. 

The new family Serridentide, accordingly, may be defined as follows: 

SERRIDENTID&€ fam. nov. 

Original reference: For name only, see Osborn, 1935.937, fig. 2. 

Serrate-toothed Mastodonts typified by Serridentinus serridens (Fig. 342, p. 382) of Texas. Superior and 
inferior molars universally characterized by more or less perfectly developed and serrated crests springing from 

the ectoconelets of the inferior molars, from the entoconelets of the superior molars; a corresponding reduction 

and, in some species, complete disappearance of the adjacent mesoconelets, e.g., Ocalientinus ojocaliensis (Fig. 

402, p. 434) and Platybelodon (Fig. 439, p. 470). Original four conelets on each ridge-crest (e.g., Serridentinus 

progressus, Fig. 369, p. 407) followed by compensatory multiplication (fission) of conelets upon the inner half 

of the ridge-crests of the inferior molars and the outer half of the ridge-crests of the superior molars (Serriden- 

tinus, Fig. 342, p. 382; Platybelodon, Fig. 439, p. 470). Consequent reversal of ground-plan both of the superior 
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molars (Serridentinus, Fig. 348, p. 389) and inferior molars (Ocalientinus florescens, Fig. 355, p. 397). Generic 

divergence chiefly in inferior incisors—horizontal oval in Serridentinus, oval greatly enlarged in Serbelodon (Fig. 

409, p. 445), flattened into a pair of broad shovels in Platybelodon (Fig. 409) and abbreviated and rounded in 

Torynobelodon (Fig. 296), entirely wanting, with brevirostral mandible, in Notiomastodon. 

NOTIOMASTODON, A SHORT-JAWED MEMBER OF THE SERRIDENTID 

In Chapter XII, Section II, No. 6, of this Memoir Cabrera’s genus Notiomastodon is described and figured 

(Fig. 557, p. 591); in 1934 Osborn transferred the species Notiomastodon ornatus and ‘Mastodon’ [Notiomastodon| 

argentinus to the Serridentide. 

Most generous and most influential in establishing the true phylogenetic position of Notiomastodon was 

the loan of a beautifully preserved mandible (Buenos Aires Mus. 2157; cast Amer. Mus. 27797) by the Museo 

Argentino de Ciencias Naturales in Buenos Aires through the courtesy of Director Doello-Jurado. This priceless 

mandible is most carefully figured (Pl. x1) and was also cast. 

The classificatory rank of Notiomastodon is finally established as follows: 

SuperFaMILy: MASTODONTOIDEA Osborn, 1921 

FamiIty: SERRIDENTID fam. nov. 

NOTIOMASTODONTIN&~ subfam. nov. 

Brevirostrine or short-jawed Serridentines, lacking inferior incisor teeth, with typically stout, ab- 
breviated inferior mandibles. Superior incisive tusks down- and out-turned with broad enamel band 
as in Serridentines and Trilophodonts. Inferior molars with prominent serrated ridges arising from 
the ectoconelets as in Serridentines, with adjacent mesoconelets reduced or wanting, in contrast to 
Cuvieronius and Cordillerion in which the trefoil spurs arise from the mesoconelets. 

The intensive observations of Osborn revealed the extremely important fact that Notiomastodon is a mem- 

ber of the family Serridentide, a relationship which rests indubitably on the fundamental structure of the grinding 

teeth as clearly shown in the carefully prepared drawing of the unworn second inferior molar (Fig. 557 and PI. xm). 

This outstanding Serridentine character is also seen in the molars of Serridentinus, of Ocalientinus, of Platybelo- 

don; it is radically different from the fundamental molar structure of any of the Bunomastodontide in which the 

trefoil structure invariably rises from the mesoconelet or is in close connection with it through the central conules. 

Reinforcing the Serridentine relationship is the structure of the superior tusks (Fig. 557, A, B, C, F, p. 591), 

laterally compressed, downcurved (see Pl. 1x), provided with a broad external enamel band, all trace of which is 

absent in the contemporary Cuvieronius of the Pampean region. 

Having quoted Cabrera’s definition in Spanish on page 590 above, we may now present a translation’ from 

Cabrera’s description of 1929 (Cabrera, 1929.1, p. 90): 

“Genus Notiomastodon gen. nov. Mastodonts with a short mandibular symphysis and no mandibular in- 

cisors, the upper incisors clearly curved at all stages, and with a lateral band of enamel, also having bunolo- 

phodont molars and the crests of the two series with accessory cusps, producing, by abrasion, a double series 

of trefoils. The genotype is NV. ornatus from the Lower Pleistocene of Argentina, which I shall describe later. I 

consider it necessary to make a new genus of this, the only mastodont I know having these particular characters, 

1Translated by Francesca LaMonte, April 10, 1935. 



Notiomastodon ornatus Cab Type 

Mus. Nac. Bernardino Rivadavia 2157 

PLATE XII 

Type mandible of Notiomastodon ornatus Cabrera, 1929, containing the first and second molars of both 

sides, r.My.2, 1.Mj-2. This new type figure of N. ornatus is based on the type right ramus (Mus. Nac. 

Bernardino Rivadavia now known as the Museo Argentino de Ciencias Naturales in Buenos Aires), before 

reconstruction (Fig. 557, D, p. 591, of the present Memoir, after Cabrera). In the type description Cabrera 

identifies these molars as r.M; andr.M». (Cabrera, 1929, p. 98): “El m; y el mg son trilofodontos, con las 

crestas divididas en dos ctispides, como en todos los mastodontes bunolofodontos.” 
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not having encountered among the already kngwn genera one in which this can be included. All the other 
mastodonts with a band of enamel and tusks are Gomphotheriinae or Rhynchotheriinae, that is to say, they 
have very wide mandibular symphyses and lower incisors, with the exception of the species of the genus Cuvieron- 

tus [= Cordillerion] so characteristic in the twisted shape of its incisors and which, moreover, has different molars 

with truncate trefoil cusps on one side only. Gidley (1926, page 85) described under the name Anancus { =Cor- 

dillerion| bensonensis a mastodont from the Pliocene of Arizona, which from the shape of its molars might well 

belong to this genus |[i.e., Notiomastodon], although the appearance of its tusks is not certainly established as 

the author says he thinks one may attribute to it some fragments with a band of enamel coming from the same 

place.” 

Notiomastodon ornatus Cabrera, 1929 
Figure 557 and Pl. x1 

The superb type mandible (Buenos Aires Mus. 2157) of 

Notiomastodon ornatus was most generously loaned by Director 

Doello-Jurado to the American Museum for intensive research 

and figuring, also for the making of type casts which were deposited 

in the following institutions: University Museum of Zoology, 

Cambridge, England; British Museum (Natural History); Geo- 

logical Survey of India; Munich Museum; Berlin Museum; 

Peabody Museum, Yale University; and the United States 

National Museum. 

The adolescent type mandible contains the first and 

second inferior molars of both sides which have been figured 

with extraordinary fidelity by Roger Perrin Bullard, Jr., as re- 

produced (PI. x11) in this Memoir. The mandible has a strongly 

abbreviated rostrum with a transversely concave groove for 

the tongue; the coronoid is small and the condyle is elevated. 

On the whole we never would have suspected that this animal 

was related to the Serridentide except for the identical ground- 

plan of the inferior molars and of the tusks. 

The three ridge-crested worn first molar (M;) illustrates 

the extreme difficulty of analyzing the true coronal structure 

from a greatly worn crown; observe at the back of the crown of 

M, and M:z the two conelets characteristic of Serridentinus; ob- 

serve also the broad external and internal trefoils which appear 

to spring from the mesoconelets but, as observed in the second 

molar (M,), actually spring from the ectoconelets, for the meso- 

conelet is extremely reduced, especially in the protolophid of 

ridge-crest I. 

The completely unworn second molar (M,) exhibits in a 

convincing way the Serridentine relationship, namely, very 

prominent trefoil spurs which spring from the ectoconelets, also 

the extreme reduction of the mesoconelet; in ridge-crests I] and 

III the mesoconelets are relatively larger while the trefoil spurs 

are relatively less prominent. Upon the inner side of the crown 

we perceive a pair of equal-sized conelets with less prominent 

development of the trefoil spurs which in this case spring from 

the mesoconelets. 

NEW SERRIDENTINES FROM CHINA 

In 1935 A. Tindell Hopwood of the British Museum (Natural History) described the species Trilophodon 

wimani which proves (Osborn, 1935) to belong to Serridentinus. In 1903 Schlosser described from North China, 

in the Réthliche Sande (see p. 384 of the present Memoir) ‘Mastodon’ lydekkeri which Osborn (Chap. X, pp. 457, 

458, fig. 422) recognizes as a Serridentine, Serridentinus lydekkeri, a very progressive stage, probably of Lower 

Pliocene age. 

Hopwood gives as the diagnosis of Serridentinus a citation from Osborn (Osborn, 1923.601) which bases 

the genus upon the genotypic species Serridentinus productus Cope, S. floridanus Leidy, S. obscurus Leidy and 

S. simplicidens Osborn and cites Osborn’s statement (Hopwood, 1935.1, p. 31, quoting Osborn, 1923.601, p. 2) 

that the genus is ‘clearly distinguished from Trilophodon by the serrate crests ascending on the outer cones 

of the lower molars and on the inner cones of the upper molars; true trefoils, i.e., intermediate conules in the 

center of the valleys, observed in all species of Trilophodon, are wanting.’”” Hopwood remarks (op. cit., p. 31): 

“ it is not certain, however, that the ‘genus’ is well founded, or that it is more than a section of Tri- 

lophodon.”’ This remark explains the fact that Hopwood incorrectly refers his type of ‘Trilophodon’ wimani to 

Trilophodon rather than to Serridentinus to which it obviously belongs. This is explained in the following 

description by Hopwood, as modified by Osborn. 
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Serridentinus wimani Hopwood, 1935 

Hopwood, 1935, Pl. v, fig. 3; also figure 677 of the present Memoir. 

Trilophodon wimani, dedicated to Professor Carl Wiman, 

is in Osborn’s opinion incorrectly referred by Hopwood to Tvi- 

lophodon and belongs to Hopwood observes 

(1935.1, p. 27): 
“‘ Discussion.—So far as it is possible to compare the indices of 

this species with those of 7. connexus, the cheek teeth are broader 

in T. wimani. They are also larger. The fundamental difference 

between the two species, however, is the presence of vallecular 

conules in the lower dentition of T. connerus, and the absence 

Serridentinus. 

Type OF SERRIDENTINUS WIMANI 

Fig. 677. Left second and third superior molars of the type palate of Trilophodon wimani 

Hopwood. Left half of the complete palate shown in Hopwood’s Memoir (Hopwood, 1935.1, Pl. 
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lower molar in the same condition as the preceding, and probably 

derived from the same individual; an isolated, worn, left second 

lower molar, probably derived from the same individual as the 

mandible; an unworn left third lower molar; three fourth pre- 

molars, two from the upper, and one from the lower jaw; one 

milk incisor; and fragments of two others; the tip of an adult 

incisor; fragments of the first, second, and third lower molars 

in varying states of wear; the anterior ridge of an upper molar.” 

“Horizon.—No stratigraphical details as to the age of the 

beds whence these fossils were derived is available, but, from 

their structure, one would expect tham to be of Sarmatian age. 

In this connexion, it is important to note that Dr. 

H.S. Pearson, when she described Listriodon gigas, 

the only other mammal known from Chuan Tou 

Kou, says that the fragments: ‘show affinity with 

the small bunodont Listriodon species of the Euro- 

pean Lower and Middle Miocene . . ”, so 

that we should probably not differ very natn con- 

cerning the age of the beds (Pearson, 1928, p. 1).” 

“Another factor which helps in determining 

the probable age of these teeth is their general 

agreement in evolutionary characters with certain 

undescribed teeth from the Chinji beds of the Salt 

Range, Punjab, India. These beds are regarded 

by Dr. G. E. Pilgrim as being of Upper Vindobo- 

nian age.” 

“‘ Localities.—Kansu, Ping Fan Hsien, SE 100 
y, fig. 3) showing absence of central conules and presence of tubercles on anterior faces of internal li, Hsien Shui Ho E 3 li, Chuan Tou Kou; Sining 
conelets of 1.M%. One-half natural size. 

of those elements from the lower teeth of T. wimani. Not only 

does this confirm the fact that the teeth are referable to separate 

species, but, so far as is at present known, it proves that the two 

species are not members of the same genetic lineage. Nor has 

this species any close connexion with T. (Serridentinus) florescens 

Osborn from the Pliocene Khunuk formation of Mongolia, 

which is regarded by its discoverer as a development of 7. (S.) 

mongoliensis (Osborn, 1924a [1924.630], p. 1; 1929a [1929.797], 

p. 6). Neither of these species has any accessory buttresses on 

the post-trite cusps.” 

(Hopwood, op. cit., pp. 19, 20): ‘“Trilophodon wimani 

sp. nov. (Pls. 1, 11, v, v1).—Diagnosis.—A Trilophodon of medium 

size with sub-tectiform ridges in the upper molars; pretrite 

cusps sub-normal in the upper, oblique in the lower, molars; 

post-trite cusps normal in both upper and lower molars; upper 

molars with strong pretrite accessory buttresses, and smaller 

post-trite ones; lower molars without the vallecular cones of 

Tri. connexus, but with strong pretrite, and incipient post-trite 

buttresses; cement fairly plentiful.” 

“Holotype.-—A palate with the right first molar very worn, 

second molars half worn, third molars just entering into wear; 

the first molar on the left hand side is missing, and the right 

third molar has been broken off just behind the second ridge.” 

“‘ Material.—In addition to the holotype; a left maxilla with 

the teeth from the second premolar to the first molar inclusive; 

a right second upper molar almost unworn; right mandible with 

the second molar worn, the third badly crushed and partly worn; 

a worn, broken, and crushed right first lower molar; a left second 

Hsien from city SE 35 li, Hsin T’ien P’o N 3 li, 

Pa P’an Shan. The latter is the locality of the 

holotype.” The dimensions by Hopwood (with some omissions) 

are as follows: 

Upper 

Dentition Length Breadth Height Index 

Holotype. Left M2 107 6f tie SI an 62.6 

M3 151 i. i 62 ii 47.7 

Right M2 103 65 iii 49 iii 63.1 

M3 2? 69 i 63. ii —. 

Lower Dentition 

[Referred] Isolated M3185 (oni OG au 45.4 

Osborn, 1935: Osborn refers the type palate of T. wimani to 

the genus Serridentinus because of the absence of central conules 

and the presence of characteristic serrated spurs on the entocone- 

lets of the superior molars (Fig. 677), also serrated spurs on the 

ectoconelets of the referred left third inferior molar 1.M* (Hop- 

wood, op. cit., Pl. v1, fig 1). As remarked below, Hopwood’s 

‘Trilophodon’ wimanz is closest in measurement and in its primitive 

chareters to Serridentinus subtapiroideus of the Helvetian and 

Serridentinus browni of the Lower Chinji. 

SERRIDENTINE RELATIONSHIP.—As indicated by Hopwood 

(op. cit., p. 27) the types of Trilophodon wimani are much more 

primitive than the Pliocene Serridentinus florescens Osborn of 

Mongolia. In the molar types they are rather comparable to the 
Serridentinus subtapiroideus Schlesinger of Eibiswald in Steier- 

mark or to the blunt-coned type of Serridentinus browni Osborn, 

1926, from the Lower Chinji horizon, 800 feet above the base of 

the Lower Siwaliks, India (see pp. 452 and 458, fig. 416). 
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ap. tr. I. Height Ridge-crests 
Serridentinus subtapiroi- 

deus Schles., cotype M’ 150 83 55 a 4 
Serridentinus wimani 

Hopwood, type |.Mé 151 72 47.7 64 4 and talon 
Serridentinus browni 

Osborn, type M 162 80 49 4K 
(See table of measurements and indices on page 455 of this 

Memoir.) 

SERRIDENTINE OF NORTH AMERICA 

Ocalientinus emmonsi Hay, 1930 

From marl beds of Halifax County, North Carolina. 
on p. 385 of the present Memoir}. 

Gomphotherium? emmonsi Hay, 1930. “Second Bibliography 

and Catalogue of the Fossil Vertebrata of North America,” Vol. 

II, p. 636. Typre.—A second superior molar of the left side, 
1.M?, described as an r.Mi of Mastodon giganteus by Emmons 

(fide Ebenezer Emmons, ‘‘Report of the North-Carolina Geo- 

logical Survey,’’ 1858, p. 198). Horizon anv Locatiry.— 

Marl beds of Halifax County, North Carolina. What Emmons 

termed the ‘‘miocene marl of North-Carolina” is, according to 

Colbert (letter, Oct. 18, 1935), “the Duplin marls belonging to 

the Yorktown formation. The Yorktown formation is of Miocene 

age and is predominantly of marine origin. .. Hay placed Gompho- 

therium? [Ocalientinus| emmonsi in the (?)Pleistocene (which is 

extensively exposed in North Carolina).” Tyrer Ficure.— 

Ebenezer Emmons, ‘‘Report of the North—Carolina Geological 

Survey,” 1858, p. 199, fig. 23, and ‘‘Manual of Geology,” 1860, 
p. 218, fig. 186; see also figure 678 of the present Memoir. 

Miocene [Pliocene 

Fig. 678. Ocalien- 

tinus emmonsi. Type 

1.M? of Gomphotheri- 

um? emmonsi Hay, 

1930. After Emmons, 

1860.1, fig. 186, p. 

218; see also Emmons, 

1858.1, fig. 23, p. 199. 

Emmons’ Description.— (Emmons, 1858.1, pp. 198-200): 

“Proboscedians.— Mastodon giganteus.— (Fig. 23). The bones 

of this large pachyderm are not uncommon in the miocene marl 

of North-Carolina. Fragments of ribs and bones of the ex- 

tremities are most common. The figure of the superior part of 

the crown in the margin was taken from a tooth found in Halifax 

county. Its enamel is jet black and highly polished. It is the first 

or small molar of the right side of the under jaw. It is an old tooth 

with the lubercles [tubercles] worn down, and was probably lost 

or shed while the animal was living. The figure is designed to 

show the arrangement of the enamel plates.” 
In 1860 Emmons (‘‘Manual of Geology’’) refigured this molar, 

p. 218, fig. 186, also molars of the horse and of Oreodon culbertsoni. 

Leidy (1869.1, p. 396) referred this specimen to M. obscurus. 

Hay (1930) did not describe the species ‘Gomphotherium?’ 

emmonsi but referred only to Emmons’ ‘Report of the North- 

Carolina Geological Survey” of 1858. 

733 

Osborn, 1935: The type molar of ‘Gomphotherium?’ emmonsi 

Hay compares most closely with the first right superior molar of 

Ocalientinus (Serridentinus) floridanus as shown in figure 379 C, 

page 417, of this Memoir, from the Alachua clays of Florida, 

now regarded as of Lower Pliocene age. The type of Ocalientinus 
emmonsi is, however, clearly distinguishable specifically from, and 

apparently more progressive than, either the right or left first 

superior molars referred to Ocalientinus (Serridentinus) floridanus. 

This type molar should also be compared with the anterior portion 

of an 1.M! of Ocalientinus (Serridentinus) floridanus leidii Frick as 

shown in figure 381, page 419, of this Memoir. 

Pleistocene 

25722 
Serridentinus nebrascensis { 25725 

Serridentinus nebrascensis |25725A 

Valentine Serbelodon barbourensis 
Eubelodon morrilli 
Torynobelodon barnumbrown! 
QUINN LIMESTONE pe 
Eubelodon morrilli 

Eubelodon morrilli 

Eubelodon morrilli 
CONCRETIONARY ZONE 
EL ohat c phippsi_— 
Ocalientinus ojocaliensis 
Ocalientinus gyocaliensis 

Trilophodon osbornt 

Trilophodon willistoni Type 

Tpe| 25730 
25706-8 

25710 

Type 
25723 

Lower Pliocene to Middle Pliocene 22411 
25705 
25720 

25721 

Ocalientinus ojocaliensis 
CLAY ZONES 

DOUBLE LAKE BED ~ 
Trilophodon osborni 

Trilophodon (Tat) ric uke 
Upper Miocene to Lower Pliocene 

Zi] Brule | 
Generalized Columnar Section of the Mio- 
Pliocene Beds of Brown County, Nebraska. . 

Fig. 679. This columnar section of the Mio-Pliocene Devil’s Gulch and 

Valentine region of Nebraska is a duplication of figure 272, Chapter VII, 

above, with important corrections of the catalogue numbers and changes in 

the determination of genera and species. While this section is not germane 

to the text of the Appendix, it is inserted here, so that the valuable new in- 

formation it embodies may be available to the reader. 
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OSBORN’S FINAL (1935) 

CLASSIFICATION OF THE M@RITHERIOIDEA, DEINOTHERIOIDEA, AND MASTODONTOIDEA 

The classification of the families and subfamilies of Proboscidea first adopted by Osborn (1933) will be found on pages 30 to 32, Chap- 
ter II, above, and includes the Meeritherioidea, Deinotherioidea, Mastodontoidea, Stegodontoidea (p. 22, footnote), and Elephantoidea. 

The following classification of 1935 is somewhat more comprehensive, in that it includes the genera and species adopted in the 
present Volume I (exclusive of the Stegodontoidea and Elephantoidea which will be treated in Volume Il), and demonstrates in con- 
junction with figure 680 on the opposite page the wide geographic range of these proboscideans. The geologie range is graphically dis- 
played in the phylogenetic charts (Pls. x and x1) of the years 1934 and 1935 respectively. 

Superfamily: MCGZERITHERIOIDEA 

Fam.: MQRITHERIIDA. Subfam.: Mariraerun® 

Genus: Meritherium 

Primitive aquatic Proboscideans, Hippopotamus-like, or Sirenian-like bodies 

Ma@riruerium Andrews, 1901 Page 

M a@ritherium andrewsi Schlosser, 1911, Fayim, Egypt, Fluvio-marine formation............ Lower Oligocene 61, 74 
M eritherium trigodon Andrews, 1904, Fayim, Egypt, Fluvio-marine formation............. Lower Oligocene 57, 74 
Meritherium lyonsi Andrews, 1901, Fayam, Egypt, Qasr-el-Sagha formation............... Upper Eocene 54, 72 
Meritherium gracile Andrews, 1902, Faytim, Egypt, Qasr-el-Sagha formation............... Upper Eocene 56, 73 
Meeritherium ancestrale Petronievics, 1923, Fayim, Egypt, Qasr-el-Sagha(?) formation... ... Upper Eocene 65, 76 

Superfamily: DEINOTHERIOIDEA 

Fam.: CURTOGNATHID. Subfam.: DrinoTHERIIN® 

Genus: Deinotherium 

Very large downturned inferior tusks, no superior tusks; elephantine bodies 

DEINOTHERIUM Kaup, 1829. Partial list of species 

Deinotherium hopwoodi sp. noy., Olduvai, southeast shore Lake Victoria, Africa.............Middle Pleistocene 117 
Deinotherium gigantissimum Stefinescu, 1892, Giiceana, Rumania......................... Lower or Middle Pliocene 95 
Deinotherium indicum Falconer, 1845, Perim Island, India......................0.-2-00-- Middle Pliocene 90, 105, 114 
Deinotherium gigantewm Kaup, 1829, Eppelsheim, Germany.............0 2.00.0 060 000 cee ee Lower Pliocene 80, 84, 86, 114 
Deinotherium uralense Eichwald, 1835, Ural Mountains.................. 00 eee eee ee eee Lower Pliocene 85, 87, 114 
Deinotherium podolicum Hichwald, 1835, Podolia, Russia............. 5.0. .00 600s cece e eee Pliocene (?) 85, 87 
Deinotherium intermedium De Blainville, 1845, France. ............ 0... eevee eee cent eee Upper Miocene (?) 85, 90, 115 
Deinotherium bavaricum von Meyer, 1831, Gmiind, Bavaria. .... 0... 6... eee eee Upper Miocene 84, 99, 107, 115 
Deinotherium hungaricum Ehik, 1930, Kotyhaza, Hungary, Burdigalian (?)................. Lower Miocene (?) 115, 116 
Deinotherium indicum gajense Pilgrim, 1912, Bugti Hills, Baluchistan, Bugti beds........... Lower Micoene 85, 105, 115 
Demothervum cuviert Kaup, 1832, Chevilly, Prance’.. 2. 2.1.) 0. cicleata's aclu eeulelelg es se erases Lower Miocene 85, 87, 90, 107, 115 
Deinotherium hobleyi Andrews, 1911, Karungu, British East Africa... ................2005. Lower Miocene 104, 115 

Superfamily: MASTODONTOIDEA 

Fam.: MASTODONTIDA. Subfam. noy.: PALAOMASTODONTIN A 

Genus: Palzomastodon 

Superior tusks unknown; inferior tusks short, rounded. Progressive grinders, with six cones, proto- and metaconules closing the 

median suleus. Not ancestral to Mastodontine 

PaLzomastTopon Andrews, 1901 

Palzomastodon beadnelli Andrews, 1901, Fayim, Egypt, Fluvio-marine formation. .......... Lower Oligocene 

Palzomastodon intermedius Matsumoto, 1922, Faytim, Egypt, Fluvio-marine formation. ..... Lower Oligocene 

Palzomastodon parvus Andrews, 1905, Fayim, Egypt, Fluvio-marine formation. ............ Lower Oligocene 

735 

54, 147 
63, 146 
59, 146 
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Fam.: MASTODONTID. Subfam.: MAsToponTIN 2 

Genera: Miomastodon, Pliomastedon, Mastodon 

Superior and inferior tusks rounded, enamel disappearing; typical mastodontine bodies 

Species of Eurasia and North America in approximate theoretic descending order, apparently monophyletic, directly ancestral to 

typical Mastodon 

Mastopon Cuvier, 1806, 1817. Superior tusks without enamel; molars with median sulcus and progressively sharpened crests Page 

Mastodon acutidens sp. nov., Rochester, Indiana... ...............-. 0222 csc cece cee teense Pleistocene—Postglacial (IV) 696 

Mastodon americanus alaskensis Frick, 1933, near Fairbanks, Alaska...................... Pleistocene 176 
Mastodon oregonensis Hay, 1926, Rye Valley, Baker County, Oregon......................-. Pleistocene (?) 173 
Mastodon americanus plicatus Osborn, 1926, Walnut, Bureau County, Illinois............... Late Pleistocene—Postglacial 

(IV) or post-Wisconsin (?) 173 
Mastodon americanus rugosidens Leidy, 1890, Beaufort County, South Carolina............. Pleistocene 171 
Mastodon rakz Erick, 1933; Hot Springs; New Mexico. 23 0s. jn. 22ers selene ae Pleistocene 175 
Mastodon americanis rupertianus Richardson, 1854, Lake Winnipeg basin, Manitoba, Canada. . Pleistocene 137 
Mastodon americanus Kerr, 1792, Big-Bone Lick, Boone County, Kentucky................ Late Pleistocene (IV Gla- 

cial= Wisconsin time) 170 
Mastodon grangeri Barbour, 1934, Pender, Thurston County, Nebraska.................-. Pleistocene (1st Interglacial, 

Aftonian, or II Glacial) 175, 695 
Mastodon moodiei Barbour, 1931, near Milford, Seward County, Nebraska................. Pleistocene (II Glacial) 174 
Mastodon progenius Hay, 1914, Missouri Valley, Harrison County, Iowa................... Early Pleistocene 172 
Mastodon pavlowi sp. nov., Pestchana, Podolia, Russia................. 0. -ces esse eeee Pleistocene 694 

Piiomastopon Osborn, 1926. Superior tusks with enamel; molar crests intermediate in character (subhypsodont) 

Pliomastodon vexillarius Matthew, 1930, near Coalinga, Fresno County, California.......... Late Pliocene 161 
Pliomastodon americanus praetypica Schlesinger, 1919, 1922, Batta-Krd, Hungary........... Middle Pliocene 159 
Pliomastodon sellardsi Simpson, 1930, Brewster, Florida, Bone Valley formation............ Lower Pliocene 160 
Pliomastodon matthewi Osborn, 1921-1926, Snake Creek B, Sioux County, western Nebraska. . Lower Pliocene 157 

Mromastopon Osborn, 1922. Superior tusks with enamel; molars with rounded crests 
Miomastodon tapiroides americanus Schlesinger, 1921, 1922, Tasnad, Hungary.............. Lower Pliocene 156 
Miomastodon merriami Osborn, 1921, Thousand Creek, Humboldt County, Nevada, Virgin 

Walleyatormationy (type)! jcict. sce cites © el ere 2 aie olay areie eae OE cen OAD Middle Miocene 154 
Pawnee! Creek horizon, Colorado) (teis)ine sacra s cote ae Alec ee coos sie cece Middle Miocene 155 

Miomastodon depereti sp. nov., Chevilly, Sables de l’Orléanais, France.................-.-- Lower Miocene 693 

Fam.: MASTODONTIDA. Subfam.: ZyYGOLOPHODONTINE 

Genera: Zygolophodon, Turicius 

Mastodontoid molar crowns, valleys open, conelets progressively added 

ZyGoLOPHODON Vacek, 1877. Molars transversely crested, conelets 4-6, valleys open, median sulcus disappearing 
Zygolophodon borsoni zaddachi Jentzsch, 1883, Thorn, west Prussia........................ Upper Pliocene 209 
Zygolophodon borsoni Hays, 1834, near Villanova, Asti, Piedmont, Italy (type); western 

TB eae STeY. (CRAIS) 25-6 og Sheree Chena ERE aE IS CL on RORY REO ee TG ln, tal ICA eee eMC Perec ce Middle to Upper Pliocene 207 
Zygolophodon pyrenaicus Lartet MS. (in Falconer, 1857), Lartet, 1859, Ile-en-Dodon 

(Haute-Garonne)s hrance’ (type) ni: « cians Apes oie crete bate tte ton orke hectare eee oot erm Middle Miocene 206 
Zygolophodon pyrenaicus aurelianensis Osborn, 1926, Sables de |’Orléanais, Chevilly (?), 

FACE See eye raat at tosade RA chore ia tic, OS Hie «ke Peele thonsue Mats Ranh ea Pe heels oe Lower Miocene 207 

Turicrus Osborn, 1926. Mbolars transversely crested, conelets 4-25, valleys open, median sulcus disappearing 

Turicius wahlheimensis Klihn, 1922, Wahlheim and Esselborn, Rheinhessen, Germany..... . Pliocene 282 
Turicius virgatidens von Meyer, 1867, Fulda, northeast of Frankfort, Germany, 

CEN fey etd Bes] ava VEAE ON, 8S aces Pic ecaicis oy Se Cd RE rie ol oe a Oe) eer re Middle (?) Pliocene 221 
Di crisaticie NV Ager ml Goi Ve IKerIaty GYEGCE.. m).c\. . 2.0% © ajcieeusie bie Dieie eaaie ae bet ie eternal ore Lower Pliocene 220 
Turicius turicensis Schinz, 1824, Elgg, Canton Zurich, Switzerland, Tortonian.............. Upper Miocene 219 
Turicius turicensis simorrensis Osborn, 1926, near Simorre (Gers), France................-- Upper Middle Miocene 219 
Turicius tapiroides Cuvier, 1806, 1821-1824; (in Desmarest, 1820-1822), Calcaire de 

INOMTADUISATGS “Hrance st, mtaanscrre racy Roles cave.b Sin so ohn laters faaM ert tera ister aie yee aed Pei ns earn Lower Miocene 217 
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Fam.: MASTODONTIDA. Subfam. nov.: SrEGOLOPHODONTINA 

Genus: Stegolophodon 

Stegodontoid rounded molar cones, valleys compressed; median sulcus persisting in anterior crests Page 
STEGOLOPHODON Schlesinger, 1917. Molars transversely crested, conelets 4-5+. 

Stegolophodon stegodontoides Pilgrim, 1913, Lehri, Punjab, India, Upper Siwaliks (?).... . Upper (?) Pliocene PI. rv, I, 701 
Stegolophodon cautleyx Lydekker, 1886, Perim Island, India........... Pa tins els 4,01f 2 ple ee RMUOGLe We OCEES Pl. rv, H, 701 
Stegolophodon sublatidens Schlesinger, 1917, Teschen (Schlesien), Austria...... .. ; .Middle (?) Pliocene Pl. rv, A 
Stegolophodon lydekkeri sp. nov., Bruni, northwest Borneo..... . 3 eee Pee ....+se..»Pliocene (7?) Pl. rv, G, 700 
Stegolophodon latidens Clift, 1828, near Yenangyaung, Irrawaddy River, Burma, 

HREOC VPOEFLON | (BUVIACIC) 5. /<-s55 a. 5 a ee ne Renee Seen ie Lower Pliocene PI. rv, D,E,F, 701 

PRMMUMIMLEENEDNIN oo nor sot Lai «ssn n\n erg a paca aay Cakcmca eG dome aR oe ana ne ce ee PL rv, C 
Stegolophodon cautleyi progressus Osborn, 1929, near Chinji Bungalow, summit of Lower 

Chinji, 2,000 feet above base of Lower Siwaliks, India...................:eeeee0--0-- Mio-Pliocene Pl. rv, B 

Fam.: BUNOMASTODONTIDA. Subfam.: RyHNCcHOROSTRIN A 

Genera: Rhynchotherium, Blickotherium, Aybelodon 

Typical beak-jawed Mastodonts. Mandible strongly deflected; enamel band on superior and inferior incisive tusks (excepting 
Aybelodon), inferior tusks upturned; molars with variable central conules, enamel thick, few ridge-crests (4-5) 

RHYNCHOROSTRINES OF THE WESTERN UNITED STATES AND Mexico 

RuayNcHoTHERIUM Falconer, 1856 (MS.), 1863, 1868 

Rhynchotherium falconeri Osborn, 1923, Mt. Blanco, Staked Plains, Texas.................. Upper Pliocene 
Rhynchotherium shepardi edense Frick, 1921, Mt. Eden Hot Springs, San Bernardino County, 

CORTON Ne ores ati t hes ccaye at Dees aA OL eC Ree bak Be eer ane nEereens Upper Pliocene 
Rhynchotherium browni sp. nov., San José de Pimas, Sonora, Mexico...................... Upper Pliocene 
Rhynchotherium tlascale Osborn, 1918, 1921, Tlascala, Valley of Mexico.................... Upper(?) Pliocene 
(?)Rhynchotherium francisi Hay, 1926, Brazos River, Pittbridge, Burleson County, Texas. . . . Pliocene(?) 
Rhynchotherium anguirivale Osborn, 1926, Snake Creek B, Sioux County, Nebraska......... Lower Pliocene 
Rhynchotherium rectidens Osborn, 1923, near Pawnee Buttes, Weld County, Colorado, 

HW MEE ORCC NOLIZONL © > 5, cevissts &.e\s cee whet 1.0 ooo tne Be ek nena ee ele ee Upper Miocene 
Rhynchotherium shepardi Leidy, 1871, Dry Creek, Stanislaus County, California......... .. Upper(?) Miocene 
Rhynchotherium brevidens Cope, 1889, Smith River, Meagher County, Montana, Deep River 

IDEREAIM APH ee oie s Ski ien Ae oye bess site cbegis Mate oe neakee net Seige Cee area eae cig eee Middle to Upper Miocene 

RHYNCHOROSTRINES OF ASIA AND AFRICA 

Rhynchotherium chinjiense Osborn, 1929, near Chinji Bungalow, India, 600 feet above base 
PALM WEES LW LK 2 sre eyso dic fa 0am arsed o£ ane ENE, beagle ee cae aA ee ey eee Mio-Pliocene 

Rhynchotherium spenceri Fourtau, 1918, Moghara Desert, northern Egypt.................. Middle Miocene 

RHYNCHOROSTRINES OF CENTRAL AMERICA 

BuicKkorHeriuM Frick, 1933. Mandible progressively slender; incisors with enamel 

Blickotherium blicki Frick, 1933, near Tapasuma, Honduras................-00+.00--000:s Pliocene 
Blickotherium euhypodon Cope, 1884, Driftwood Creek, Hitchcock County, Nebraska, ' 

Republican iver’ DEUs.t)...: sao .rgeeee Daa Se ee we oat ae RE ee Lower Pliocene 

AysBr.opon Frick, 1933. Mandible attenuate; inferior incisors without enamel 
Aybelodon hondurensis Frick, 1933, near Tapasuma, Honduras...........-..--... +0. 20005. Pliocene 

Fam.: BUNOMASTODONTID.®. Subfam.: LoNGIROSTRIN 7 

Genera: Trilophodon, Megabelodon 

494 

496 
494 
493 
501 
491 

488 
487 

485 

502 
485 

508 

489 

509 

Intermediate molars trilophodont (3 crests); third molars with 4-5+ crests and central conules. Superior tusks flattened, recurved, 

with enamel band; inferior tusks rounded, triangular, flattened-horizontal, flattened-oblique, massive, sometimes absent. Mandible 

hyperlongirostral 

TRILOPHODON OF EURASIA AND AFRICA 

TritopHopon Falconer, 1846, 1857 

Trilophodon hasnotensis sp. nov., near Hasnot, India, 1,000 feet below Bhandar bone bed ‘ : 

(= Dhok Pathan horizon) =... oc. 200. ote agement sees web tetees weeeeeeereeeees Middle Pliocene 

Trilophodon esselbornensis Klihn, 1922, Esselborn, Westhofen, Rheinhessen, Germany Mee. Pliocene 

Trilophodon (Choerolophodon) pentelicus Gaudry and Lartet, 1856-1862, Pikermi, Greece 



738 OSBORN: THE PROBOSCIDEA 

Trilophodon sendaicus Matsumoto, 1924, Kitayama, near Sendai, Province of Rikuzen, Page 

IGT iees aomeo ee mee en ocean no ooo docs Gb ood pee cco a omEae soso LNB aaa Hane Se Lower Pliocene 280 
Trilophodon connexus Hopwood, 1935, ansuk¢@hinal. .eiriee ate str eres ee eres eke Miocene 702 

Trilophodon spectabilis Hopwood, 1935, locality and horizon unknown..................... 702 

Trilophodon inopinatus Borissiak and Beliaeva, 1928, Jilanéik beds, Turgai region, 

(Gemtral Asia... << cs « wssecse che eee ee Seen oe Siete ote eer eee eee eee eee ee nee Miocene 278 

Trilophodon angustidens var. libycus Fourtau, 1918, Moghara, northern Egypt, Africa... .... Lower(?) Miocene 260 

Trilophodon macrognathus Pilgrim, 1913, near Chinji, India, Upper Chinji................-. Mio-Pliocene 274 

Trilophodon chinjiensis Pilgrim, 1913, Osborn, 1932, near Chinji Bungalow, Lower Chinji. . . . Mio-Pliocene 272 

Trilophodon angustidens gaillardi Osborn, 1929, Villefranche d’Astarac (Gers), France... .... Upper(?) Miocene 259 

Trilophodon engelswiesensis Klahn, 1922, Engelswies, Baden, Germany...................- Miocene 281 

Trilophodon steinheimensis Klihn, 1922, Steinheim, Baden, Genmanyee eee. or ree: Middle to Upper Miocene 281 

Trilophodon angustidens var. austro-germanicus Wegner, 1908, 1913, Oppeln, eastern 

Cra aTAE Nh Me Ae ona mut bo peeOn SS Osment DEUS Oph Aim acini ates «a0 Sense Middle Miocene 259 

Trilophodon palzindicus Lydekker, 1884, near Kamlial, northern Punjab, India, 
IrGMea CMDS Loy aL ACTH ey eee AS GRAND eS IES tel Senet se Dicte Leal oasis Att Beara Middle Miocene 268 

Trilophodon pandionis Falconer, 1857, Larkana district, Sind, India, Lower Manchhar....... Middle Miocene 267 

Trilophodon angustidens minutus Cuvier, 1806, 1824, Saxony......................2..-25. Middle Miocene 252 

Trilophodon angustidens Cuvier, 1806, 1817, Simorre, France. .........-......--..+000005- Middle Miocene 252 

Trilophodon angustidens cuvieri Pomel, 1848, Gers and Sables de |’Orléanais, France......... Lower Miocene 250 

Trilophodon angustidens gaujaci Lartet, 1851, Lombez, France................---+...-+--: Middle(?) Miocene 250 

Trilophodon cooperi Osborn, 1932, near Dera Bugti, Baluchistan, Bugti horizon............. Lower Miocene 275 

Trilophodon pontileviensis Mayet-Fourtau, 1918, Chevilly, Pontlevoy, Sables de l’Orléanais, 
Ne a V coy ee ee cee ot see ah LN tee rR ogee RE Tene, rt oan Me Cpe Sie ek ili ELSE Lower Miocene 283 

TrILopHopoNn (Typical, cr. T. ANGUSTIDENS), ‘PROD-TUSKERS’ (‘ScAPTOBELODONTS’) OF AMERICA 

Mandible slender, nearly horizontal or slightly decurved; tusks rounded, rodlike or oval, horizontal or directed upwards 

Trilophodon pojoaquensis Frick, 1926, Santa Fé marls, New Mexico......................- Mio-Pliocene 320 

Trilophodon (Genomastodon) osborni Barbour, 1916, Bristow, Boyd County, Nebraska....... Lower Pliocene 298 

Trilophodon abeli Barbour, 1925, Devil’s Gulch, Brown Co., Nebraska.................---. Lower Pliocene 311 
Trilophodon (Genomastodon) willistoni Barbour, 1914, Devil’s Gulch, Niobrara River, 

Brown) CountyaiNebraskanrias cmv erecrbrsce Oi carnes ony. se ee ene gett teerca he Sake veyses ate Lower Pliocene 293 
Trilophodon fricki Peterson, 1928, Brown’s Park formation, flanks of Douglas Mountain, 

IMofiati@ oun tyes COlOraAd Owen a, eer abe tey ave yerey oo) sok eaceaseree near ett Wckh skreine te Les Middle to Upper Miocene 312 

TRILOPHODON (TATABELODON), ‘ANCIENT-TUSKERS’ 

Mandible massive at symphysis, inferior incisors elongate, rounded or triangular, of massive cross-section 

Trilophodon (Tatabelodon) riograndensis Frick, 1933, Santa Fé marls, Battleship Mountain, 
IN|ig? INI cco eesti etre candies Seren 8 oio acto oo! 0 One MS roe ican ae ee a Mio-Pliocene 324 

Trilophodon (Tatabelodon) gregorii Frick, 1933, Ainsworth, Nebraska..................-..- Lower Pliocene 324 

TRILOPHODON, ‘OBLIQUE-TUSKERS’ 

Mandible massive, laterally compressed, more or less strongly decurved; tusks oblique or laterally flattened, directed downwards 

Trilophodon dinotherioides Andrews, 1909, northwestern Kansas (?Republican River)......... Lower Pliocene 291 
Trilophodon ligoniferus Cope and Matthew, 1915, Black Hills, South Dakota 

(@RepublicansRiverlevel\ige.<< ar sateeer en ees mn ep aey ey oyaceis ese ar vicki ccs Lower(?) Pliocene 298 
Trilophodon giganteus Osborn, 1921, Eastview, near Dallas, Gregory County, South Dakota. . Lower Pliocene 304 

TRILOPHODON OF EASTERN Coast oF NortH AMERICA 

Trilophodon (?Tetralophodon) brazosius Hay, 1923, Brazos River, near San Felipe, Texas... .. Pliocene(?) 374 
Trilophodon simplicidens Osborn, 1923, Bone Valley formation, near Pierce, Polk County, 

Tyco oe ee ea he coy erent reer Senn iin ete, Rip Sead nahn) Sid ack Sie oA er Lower Pliocene 285 
Trilophodon obscurus Leidy, 1869, Greensburgh, Caroline County, Maryland (?Choptank 

COOTERE ELON) Coe Pee Poe oa ccs OE ee ie IE ea SE eae ictal haeite, oa ena nets Miocene(?) 285 

M&GABELODON, ‘SPOONBILL Masroponts’ 

Mrcapetopon Barbour, 1914, 1917. Mandible tuskless, round in section, extremely elongate, straight or slightly deflected, slender 
Megabelodon lulli Barbour, 1914, 1917, Snake River, Cherry County, Nebraska............... Lower(?) Pliocene 294 
Megabelodon joraki Frick, 1933, Santa Fé marls, Santa Cruz, New Mexico...............-.. Mio-Pliocene 326 
Megabelodon cruziensis Frick, 1933, Santa Fé marls, Santa Cruz, New Mexico.............. Mio-Pliocene 323 
Trilophodon phippsi! Cook, 1928, Ainsworth, Brown County, Nebraska.................--.- Lower Pliocene 315 

‘This species is included with Megabelodon because of its tuskless mandible. It was evidently the intention of Professor Osborn to place Trilophodon 

phippsi in the genus Megabelodon. See footnote on page 329 above.—Hditor.] 
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Fam.: BUNOMASTODONTID®. Subfam.: GNATHABELODONTIN.E 

Genus: Gnathabelodon 

Mandible tuskless, elongate, spreading broadly at edentulous rostrum, horizontal; no inferior tusks, superior tusks massive, 
rounded, without enamel, upcurved, elongate. Molars of bunomastodont type, with central conules 

GNATHABELODON Barbour and Sternberg, 1935 Page 
Gnathabelodon thorpei Barbour and Sternberg, 1935, Ogallah, Trego County, western Kansas... . Middle(?) Pliocene 713 

Fam.: BUNOMASTODONTIDA. Subfam.: AMEBELODONTIN& 

Genera: Phiomia, Amebelodon 

PxHiomMtA-AMEBELODON, ‘SHOVEL-TUSKERS’ OF NORTHERN AFRICA AND NORTH AMERICA 

Mandible elongate, slightly upeurved; tusks elongate, broadened, appressed, alveolar portion concave. Conules large 

AMEBELODON Barbour, 1927. Inferior incisors with concentric dentinal lamin 

Amebelodon fricki Barbour, 1927, Freedom, Frontier County, Nebraska.................... Middle Pliocene 335 
Amebelodon (Trilophodon) hicksi Cook, 1922, Wray, Yuma County, Colorado................ Middle Pliocene(?) 307 
Amebelodon (Trilophodon) paladentatus Cook, 1922, Wray, Yuma County, Colorado......... Middle Pliocene 309 
Amebelodon sinclairi Barbour, 1930, Freedom, Frontier County, Nebraska................. Middle Pliocene 337 

ANCESTRAL AMEBELODONTIN © OF NORTH AFRICA 

Purom1a Andrews and Beadnell, 1902 
Phiomia pygmxus Depéret, 1897, Cartennien de Kabylie, near Isserville, Algeria............ Upper(?) Oligocene 246 
Phiomia osborni Matsumoto, 1922, Fluvio-marine of the Fayim, Egypt..................... Lower Oligocene 64, 244 
Phiomia wintoni Andrews, 1905, Fluvio-marine of the Fayim, Egypt....................-. Lower Oligocene 60, 241 
Phiomia wintoni (cf. serridens) Andrews ref., Quarry B, Fayim, Egypt.................... Lower Oligocene 240, 241 
Phiomia serridens Andrews and Beadnell, 1902, Fluvio-marine of the Fayim, Egypt........ Lower Oligocene 55, 239 
Phiomia minor Andrews, 1904, Fluvio-marine of the Fayfim, Egypt....................... Lower Oligocene 58, 239 

Fam.: BUNOMASTODONTID®. Subfam.: TerrRALOPHODONTIN 2 

Genera: Tetralophodon, Morrillia 

Second molars tetralophodont. Mandibles and inferior tusks of medium length (medilongirostral). Inferior tusks flattened, oval; 

superior tusks enamel banded 

TETRALOPHODONTS OF EuRASIA 

(?)Subgenus LypeKkeriA Osborn, 1924. Mio-Pliocene. Third molars four to five crested, brachyodont; single to rudimentary double 

trefoils 

Tetralophodon (Lydekkeria) falconeri Lydekker, 1877, Potwar district, Punjab, India X ; 

[Dhok Pathan horizon]... ...... 2... scene d ec eee e poses ecseceseeenacsennsnsatons Middle Pliocene 354 

Tetralophodon (Lydekkeria) sinensis Koken, 1885, Yun-nan, China... ......-. +. s6-essse05: Mio-Pliocene 355 

TETRALOPHODON Falconer, 1847, 1857. Ridge-crests 5-6, brachyodont; double trefoils 

Tetralophodon punjabiensis Lydekker, 1886, Punjab, Siwaliks, India [Dhok Pathan horizon]. . Middle Pliocene 362 

Tetralophodon grandincisivus Schlesinger, 1917, Maragha, Persia... ........ 66... +0 esses Lower(?) Pliocene 360 

Tetralophodon bumiajuensis van der Maarel, 1932, Bumiaju, central Javas 332. GeyoG rept oe Pliocene 365 

Tetralophodon gigantorostris Klihn, 1922, Bermersheim, Rheinhessen, Germany. ..........-- Pliocene — 282 

Tetralophodon longirostris Kaup, 1832, Eppelsheim, Germany. ......... +--+ +06 -e50sse0005> Lower Pliocene 357 

Tetralophodon exoletus Hopwood, 1935, Shansi, China, Pontian..........- 0 +++ sees see eees Lower Pliocene 704 

TETRALOPHODONTS OF NorTH AMERICA 

Morriti1a Osborn, 1924. Ridge-crests 7-8, hypsodont; double trefoils, thickly coated with cement 

Morrillia barbouri Osborn, 1921, Cambridge, Furnas County, Nebraska... ........-..+-+5+5 . Middle Pleistocene 377 

TETRALOPHODON 
' 

Tetralophodon elegans Hay, 1917, McPherson, Kansas......-.....-. oe beisieigie se ee , whims aie Middle(?) Pliocene 372 

Tetralophodon campester Cope, 1878, Sappa Creek, Rawlins County, Kansas, Republican ; 

iver Horizons. 2s eet ccc 2 oe oe weer rng Rp cpiiste sion a be ree stele Saini te a ee Lower Pliocene 369 

Tetralophodon fricki sp. nov., near Clarendon, MOTTON CORES « os <> cielsis cute a 5 wre eine ate atkins Lower to Middle Pliocene 375 
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Fam.: BUNOMASTODONTIDA. Subfam.: NoTrorostTRIn#® 

Genus: Cordillerion 

True Notorostrines typified by ‘Mastodon’ andium. Mandible brevirostral. Superior tusks spiral or horizontal, with broad 

enamel band. Inferior tusks wanting in adult stages; probably present in juvenile stages. Molars persistently brachyodont with 

single trefoils, paralleling T'rilophodon; ridge-crests 4~4%-5)». 

CoRrDILLERION Osborn, 1926 

Cordillerion andium Cuvier, 1806, 1824, near voleano of Imbaburra, Quito, Ecuador......... Pleistocene 

Cordillerion tarijensis Ameghino, 1902, Valley of Tarija, Bolivia.....................-.-.. Pleistocene 

Cordillerion bolivianus Philippi, 1893, Ulloma, Bolivia................---se eect eee seen Pleistocene 

CoRDILLERION OF MExico 

Cordillerion tropicus Cope, 1884, State of Michoacan, Valley of Mexico..............-.-..---. Pliocene or Pleistocene 

Cordillerion oligobunis Cope, 1893, Tequixquiac, Valley of Mexico......................-.. Pliocene or Pleistocene 

Cordillerion oligobunis antiquissimus Freudenberg, 1922, Valley of Amajaque, Hidalgo, 

INI TeS AO RE Sherrie Ric Nea OIE Cini e FOG Siro OIG CCIMELS OD Gokamiced OF.Co dd crecetorne eae ere Pliocene 

Cordillerion(?) oligobunis intermedius Freudenberg, 1922, Mexico, exact locality not recorded... . Pliocene or Pleistocene 

Cordillerion oligobunis progressus Freudenberg, 1922, Canada de Aculcingo, Mexico......... Pliocene or Pleistocene 

Cordillerion(?) oligobunis felicis Freudenberg, 1922, Puebla, Mexico...............--....-- Pliocene 

CORDILLERION OF SOUTHWESTERN UNITED STATES 

Cordillerion edensis Osborn, 1922, Mt. Eden Hot Springs, San Bernardino County, California. Upper Pliocene 

Cordillerion bensonensis Gidley, 1926, near Benson, Cochise County, Arizona, San Pedro 

PaTHI TOT ae ee a eh oe ace Cie Mer ReRES Paton COMA Srna Gar topico.cateda: Upper Pliocene 

Cordillerion gratum Hay, 1917, Brazos River, Pittbridge, Burleson County, Texas........... Pliocene 

Cordillerion defloccatus Hay, 1926, Aransas River, San Patricio County, near Sinton, Texas. . . Pliocene(?) 

Cordillerion orarius Hay, 1926, Aransas River, San Patricio County, near Sinton, Texas..... Pliocene(?) 

Fam.: BUNOMASTODONTIDA. Subfam.: BrREvIROSTRINZ 

Genera: Pentalophodon, Anancus, Synconolophus 

Page 

549 
550 
551 

553 
554 

555 
557 
558 
556 

560 

565 
559 
564 
562 

Mandible rapidly abbreviating, in correlation with loss of lower tusks; completely brevirostral in Upper Pliocene time. Grinding 

teeth, originally short crowned, brachyodont, finally becoming subhypsodont with folded enamel, ptychodont; internal and external 

cones progressively alternating and proverted; central conules 

PENTALOPHODON OF INDIA 

PenraLopHopon Falconer, 1857, 1865. Five-crested ‘intermediate molars’ 

Pentalophodon sivalensis Cautley, 1836, vicinity of Nahun, southeast India, Upper Siwaliks(?) . . . Upper Pliocene 

Pentalophodon falconeri Osborn, Upper Siwaliks, Tatrot (?), 1,000 feet above Middle 

Pikereae Ibe nina, Inohtts G tos aed vos ogbopsoosobencumsuaub oncom yemscooseusoCs Upper Pliocene 

ANANCUS OF EuRASIA 

Anancus Aymard, 1855, 1859. Superior tusks straight, attaining great length. Four-crested intermediate molars 

Anancus falconeri Osborn, 1926, Red or Norwich Crag of Suffolk, England................. Uppermost Pliocene 
Anancus arvernensis Croiz. & Job., 1828, Perrier, Auvergne, France, Villafranchian-Astian. ... Upper Pliocene 
Anancus arvernensis brevirostris Gervais and de Serres, 1846, Montpellier, Hérault, France... . Upper Pliocene 
Anancus perimensis Faleoner and Cautley, 1847, Perim Island, India [= Dhok Pathan]. ..... Middle Pliocene 
Anancus minutoarvernensis Klihn, 1922, Herbolzheim, Baden, Germany..................- Pliocene 
Anancus gigantarvernensis Klihn, 1922, Herbolzheim, Baden, Germany...................- Pliocene 
Anancus intermedius Eichwald, 1831, Volhynia, Russia..............- 2.0.0. e eee e cece eee Pliocene 
Anancus arvernensis progressor Khomenko, 1912, southern Bessarabia, Russia.............. Pliocene 
Anancus properimensis sp. nov., near Chinji Bungalow, Lower Chinji, 800 feet above 

SA LO MMO WEL SL WLC Chet cote cc. me ccis Sons iak mci uaniekeste lett ov yee eoeintnasiods rata avait Gee blelckahele: obeease Mio-Pliocene 
PATIONEUSISINLEN SiSeLLOpWOOUMmLoso, SAaNSl, COMA. ei + «)~ =u etaeretols eleleiiotee lettres a Pliocene(?) 

SyYNCONOLOPHUS OF INDIA 

SynconoLoruus Osborn, 1929. Warped, compacted conelets and conules, no trefoils 
Synconolophus dhokpathanensis Osborn, 1929, Dhok Pathan, level of Hipparion punjabiense (?) 

ref. quarry, 500 feet below top of Middle Siwaliks, India............................ Middle Pliocene 
Synconolophus hasnoti Pilgrim, 1913, near Bhimbar, India [= Dhok Pathan horizon]......... Middle Pliocene 
Synconolophus corrugatus Pilgrim, 1913, Hasnot, India [= Dhok Pathan horizon]............ Middle Pliocene 
Synconolophus propathanensis Osborn, 1929, near Dhok Pathan, India, Hipparion quarry level, 

500 feet below top of Middle Siwaliks (Dhok Pathan horizon)....................---- Middle Pliocene 
Synconolophus ptychodus Osborn, 1929, near Chinji Bungalow, India, Lower Chinji, 800 feet 

SHOVE DASE OL MOWELISLW ALIKE, fe) opcte cysnc cose cedveces chche ciohetaie mtscecs siete, cUb ye atte naaeawar ats fegshe cats Mio-Pliocene 
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Fam. nov.: HUMBOLDTIDH. Subfam.: HumpoiptTin2 

Genera: Cuvieronius, Eubelodon, Stegomastodon 

Superior tusks without enamel. Molars with single, double, or quadruple trefoils; ridge-crests 4% to 7%; inferior ridge-crests pro- 
verted; superior ridge-crests transverse, centroverted, or retroverted. Central conules rudimentary or wanting. 

oe species below arranged in ascending order of the evolution of the grinding teeth. Geologic levels of South American species 
uncertain. 

NortTH AMERICAN SPECIES 

EusBe.Lopon Barbour, 1914. Grinders broad, double trefoils Page 
Eubelodon morrilli Barbour, 1914, Devil’s Gulch B, Brown County, Nebraska............... Middle(?) Pliocene 602 

SoutH AMERICAN SPECIES 

Cuvieronius Osborn, 1923. Grinders broad, double trefoils; single trefoils in primitive species 
Cuvieronius humboldtii Cuvier, 1806 (in Desmarest, 1818), near Concepcion, Chile 

[Ecuador?]. EAs te 5 jaye) 2x0) oC 5) Sng nag aaa elats t= 9 cece et ee ots Se tale Pleistocene 576 
Cuvieronius platensis Ameghino, 1888, San Nicolas de los Arroyos, Province of Buenos Aires, 

ATEenina,sLOWer Pampesn formation..:...:.... + ¢ss0rsneaceseuwagneces + fcecee sews Pleistocene 579 
Cuvieronius swperbus Ameghino, 1888, Pergamino, Province of Buenos Aires, Argentina, 

BIODAUIY SUPEMON PAMPean..).,. o.. ccmals os fuses ciples + eee eee Dee eee ee Pleistocene 580 
Cuvieronius bonaerensis Moreno, 1888, Arrecifes, Province of Buenos Aires, Argentina, 

Lower MUN OAU teehee hey. 1212 > vislovs ome tare al at ante vig Rp ee ee Pleistocene 579 
Cuvieronius rectus Ameghino, 1889, Ensenada, near La Plata, Argentina................... 580 
Cuvieronius maderianus Ameghino, 1891, Puerto Madero in Buenos Aires, Argentina... ..... 581 
Cuvieronius chilensis Philippi, 1893, near Lake Tagua-Tagua, Chile....................... 581 
Cuvieronius pirayuiensis Gez, 1915, Corrientes, Argentina......................--000000- 582 
Cuvieronius brasiliensis Lund (in Lesson, 1842), valley of the Velhas River, Province of 

Wuomas\Ganses. Brazil limestone CAVE: .. ass. loess naa toe em nee deed acne ries peiemer 578 
Cuvieronius postremus Spillmann, 1928-1931, Quebrada of Cachihuayco, near Alangasi, 

Own Ge Ol ie hineha; AMCUAGOT.:. 1 sine crn ware alee ae ons senate en eo ees Superior Pleistocene 585 
Cuvieronius ayore Spillmann, 1928-1931, Quebrada of Chalang, near Punin, Province of 

SieMPOVAZO MICUACOL Pini aiaceses da tide tien Aer ee ee oh ae Rend ne SE Ee arlene aiBeeES ¢ Pleistocene 583 

STEGOMASTODON OF NorTH AMERICA 

Srrcomastopon Pohblig, 1912. Grinders with quadruple to multiple trefoils completely blocking the valleys; inferior ridge-crests 
proverted; cones ptychodont, labyrinthodont, subhypsodont 

Stegomastodon priestleyi Hay and Cook, 1930, near Frederick, Tillman County, Oklahoma... ... 684 
Stegomastodon primitivus sp. nov., near Ainsworth, Nebraska....................000-0005- Lower Pleistocene 726 
Stegomastodon mirificus Leidy, 1858, ‘“‘Loup Fork of Platte River,’’ Nebraska [probably near 

Seneca, Thomas County, Nebraska (fide Hay, 1924, p. 100)]....................-005 Upper Pliocene(?)' 669 
Stegomastodon successor Cope, 1892, Blanco formation, Texas. ........ 0.0... 2.00.00 cee e eens Upper Pliocene 671 
Stegomastodon texanus Osborn, 1924, Llano Estacado, Texas, Blanco formation............. Upper Pliocene 673 
Stegomastodon arizone Gidley, 1924, 1926, Curtis Flats, Cochise County, Arizona, 

RIE BOLO) DCUS Seis At oot athe cite ne che eae DT fe pe RCE TERE Reece ntti ae eet Uppermost Pliocene 678 

Stegomastodon aftoniex Osborn, 1924, near Akron, Plymouth County, Iowa................. Lower Pleistocene* 682 

INCERT# SEDIS 
Stegomastodon chapmani Hays, 1834, 1843, unrecorded locality in United States............ 669 

Fam. nov.: SERRIDENTID2. Subfam.: SERRIDENTIN.® 

Genera: Serridentinus, Ocalientinus, Serbelodon, Trobelodon 

Serrate-toothed mastodonts. Superior and inferior molars universally characterized by more or less perfectly developed and serrated 

crests springing from the ectoconelets of the inferior molars, from the entoconelets of the superior molars. Generic divergence chiefly in 

inferior incisors—horizontal oval in Serridentinus, oval, greatly enlarged in Serbelodon, flattened into a pair of broad shovels in Platybelo- 

don, abbreviated and rounded in Torynobelodon, and entirely wanting, with brevirostral mandible, in Notiomastodon. 

SERRIDENTINES OF EuRASIA 
SERRIDENTINUS Osborn, 1923 ; eek 

Serridentinus hasnotensis Osborn, 1929, near Hasnot, India, Upper Middle Siwaliks 

(Dhok Pathan horizon)! =... «\. «++ «random aes hin aie en ie spans sees Middle Pliocene 452 

Serridentinus metachinjiensis Osborn, 1929, near Chinji Bungalow, India, Lower Chinji, : , 

800 feet above base of Lower Siwaliks (ef. S. productus)... 2... 0. 6 ec eee ee eens Mio-Pliocene 456 

Lower to Middle Pleistocene (see footnote on p. 669).—Editor.} 

{Lower to Middle Pleistocene (see footnote on p. 671).—Editor.| 
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Serridentinus prochinjiensis Osborn, 1929, near Chinji Bungalow, India, Lower Chinji, 600 
feet above base of Lower Siwaliks, small, primitive (cf. S. productus)..............+.+.. 

Serridentinus chinjiensis Osborn, 1929, near Chinji Bungalow, India, Lower Chinji, 700 feet 
above base of Lower Siwaliks, sharp crested (ef. S. serridens) 

Serridentinus browni Osborn, 1926, near Chinji Bungalow, India, Lower Chinji, 800 feet above 
base of Lower Siwaliks, blunt crested (cf. S. productus).........-..-.-2.e0e-cn+e--ses 

Serridentinus gobiensis Osborn and Granger, 1932, near Iren Dabasu, Inner Mongolia, 
Mra GUT eed es ce oe Tee Re ee Ee eons re eee ee Pet ee eee 

Serridentin us mongoliensis Osborn, 1924, Loh formation, Mongolia, blunt crested........... 

SERRIDENTINES OF CHINA AND JAPAN 

Serridentinus lydekkeri Schlosser, 1903 (1906), Red Clays, North China 
Sernideniunus wimani Hopwood) 1935, Wansu, (Chingie +e. 4 ee cess oe eis aie eee a eee 
Serridentinus annectens Matsumoto, 1924, Province of Mino, Japan, Hiramaki formation, 

probably Burdigalian 

SERRIDENTINES OF HUROPE 

Serridentinus subtapiroideus Schlesinger, 1917, Wies, near Eibiswald (Styria), Austria 
(ower Elelve tian) pete cece ccleaner tee ces oases forests els el ae. peSeuensas sevane CRE eels, creat aaa 

Serridentinus filholi Frick, 1926, 1933, Gers, France 

SERRIDENTINES OF NORTH AND CENTRAL AMERICA 

SHARP-CRESTED FoRMS 

Serridentinus serridens cimarronis Cope, 1893, east of Llano Estacado, Texas, Clarendon 
formation /Procamelus-Happarton ZONekm.0-2 ose 4 dies cee isi yo eh oes ate lee see 

Serridentinus serridens Cope, 1884, Clarendon formation, Texas....................-0.00-- 
Serridentinus anguirivalis Osborn, 1926, Snake Creek B, Sioux County, western Nebraska 
Serridentinus brewsterensis Osborn, 1926, Brewster, Polk County, Florida, Bone Valley 

formation 

BLUNT-CRESTED Forms 
Serridentinus guatemalensis Osborn, 1926, Chinautla, Guatemala..................02-.0200 
Serridentinus progressus Osborn, 1923, Driftwood Creek, Hitchcock County, Nebraska 
Serridentinus (Ocalientinus?) nebrascensis Osborn, 1924, Snake Creek B, Sioux County, 

INC nascarmcsee See eee nk tae tata ar eae act 70a Taras sesa Mem ynatetn bvcrayae haar ous ces 
Serridentinus productus Cope, 1875, Santa Fé marls, New Mexico (type)................+.- 

Wlorendonsformationy Nexags (rel) st cmarar miepaciucciaa cs 6 cs cik eee tie acs atseloe ie OE 
Serridentinus proavus Cope, 1873, Pawnee Buttes, Pawnee Creek B, Weld County, Colorado. . 

INCERT# SEDIS 

Serridentinus barstonis Frick, 1933, Mohave Desert, California, Barstow beds 

OCALIENTINUS OF MONGOLIA 

Page 
Mio-Pliocene 457 

Mio-Pliocene 456 

Mio-Pliocene 452 

Upper Miocene 398 
Lower to Middle Miocene 396 

Lower Pliocene(?) 457 
Miocene(?) 732 

Lower Miocene 457 

Lower Middle Miocene 394 
Lower Miocene 473 

Lower Pliocene 429 
Lower Pliocene 423 
Lower Pliocene 425 

Lower Pliocene 430 

Upper Pliocene 432 
Pliocene(?) 401 

Lower Pliocene 473 
Upper Miocene 404 
Lower Pliocene 404 
Upper Miocene 403 

Mio-Pliocene 447 

OcaLientTINus Frick, 1933. Trefoils florescent; mandible longirostral, deeply grooved above; inferior tusks of ‘prod-tusk’ type ? 

Ocalientinus florescens Osborn, 1929, Kholobolchi Nor region, Khunuk formation, Mongolia... . . 

OCALIENTINUS OF NortTH AMERICA 
Ocalientinus obliquidens Osborn, 1926, Charleston, South Carolina, phosphate beds........... 

Ocalientinus bifoliatus Osborn, 1929, Brewster, Polk County, Florida, Alachua clays......... 
Ocalientinus floridanus Leidy, 1886, near Williston, Levy County, Florida, Alachua clays... . . 
Ocalientinus floridanus leidii Frick, 1926, near Williston, Levy County, Florida, 

PATACIILARCLAY Seperate imran enh hot PON NEN Ge Ey smart Paint PATE ACS lea IEE 
Ocalientinus republicanus Osborn, 1926, Republican River formation, northwestern Kansas. . . 
Ocalientinus ojocaliensis Frick, 1933, Ojo Caliente, New Mexico, Santa Fé marls (upper)... .. 
Ocalientinus emmonsi Hay, 1930, marl beds of Halifax County, North Carolina 

SERBELODON OF NortTH AMERICA 

Pliocene 397 

Upper Pliocene, redeposited 
in Lower Pleistocene 419 

Lower Pliocene 415 
Lower Pliocene 416 

Lower Pliocene 419 
Lower Pliocene 414 
Mio-Pliocene 435 
Miocene 733 

SerBeLopon Frick, 1933, ‘sub-shovel-tuskers.’ Mandible massive, inferior tusks concavo-convex, increasingly massive, without dentinal 

rod-cones 
Serbelodon burnhami Osborn, 1933, near Ricardo, San Bernardino County, California........ 
Serbelodon barbourensis Frick, 1933, near Ainsworth, Nebraska, Christmas quarry 

PHYLETIC RELATIONSHIP UNCERTAIN 
Serbelodon(?) precursor Cope, 1892, 1893, Mt. Blanco, Llano Estacado, Blanco formation, Texas 

sharp crested, trefoils simple, cement in valleys 

Upper Pliocene 444 
Lower Pliocene 443 

2 

Upper Pliocene 431 
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TROBELODON OF NorTH AMERICA 

TrOBELODON Frick, 1933, ‘sub-shovel-tuskers’ 

Trobelodon taoensis Frick, 1933, Santa Cruz, New Mexico, Santa Fé marls (rare)........... Mio-Pliocene 

Fam. nov.: SERRIDENTIDA. Subfam.: PLATYBELODONTIN® 

Genera: Platybelodon, Torynobelodon 

PLATYBELODONTS OF AsIA AND NortH AMERICA 

PLATYBELODON Borissiak, 1928, 1929, typical ‘flat-tuskers.’ Incisors solid with closely compacted rod-cones 

Platybelodon danovi Borissiak, 1928, Kuban region, North Caucasus, Chokrak beds.......... Upper Miocene 
Platybelodon grangeri Osborn, 1929, Tairum Nor basin, Mongolia, Tung Gur horizon........ Upper Miocene 

ToRYNOBELODON Barbour, 1929, ‘dredge-tuskers’ 
Torynobelodon loomisi Barbour, 1929, Sand Canyon, east of Indian Hill, vicinity of 

Republican City, Harlan County, Nebraska.............--.-+---++-+-++++++-+++++-~~Middle Pliocene 
Torynobelodon barnumbrowni Barbour, 1931, Pliocene gravels on Snake River, 

Wiernye GC Oumiye NCDIASKA'. 5/2 care ais dicvase spa'e = cie'< 8lein.p aie! ate erae cyerettiare Re relies felata eae ees Pliocene 

Fam. nov.: SERRIDENTIDA. Subfam. nov.: NorrloMASTODONTIN 4 

Genus: Notiomastodon 

SPRRIDENTINES OF SOUTH AMERICA 

NorromastTopon Cabrera, 1929 

Notiomastodon ornatus Cabrera, 1929, Monte Hermoso, Province of Buenos Aires, 

/AIIEGTNH OS a Aon Coe e cio eI ice to cnn nO cil tao. c< Sabaneta sir rior Lower Pleistocene(?) 

Notiomastodon argentinus Ameghino, 1888, Valley of Tarija, Argentina, exact locality ; 

MERITS ORE eos ce vc te oraten y Ge eh one Wonis Os Guy DISNS yo rat hoe STae De” Sea aeemane ee SN at he ee a Pliocene 
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Academy of Natural Sciences, Philadelphia 
Agricultural and Mechanical College, College Station, Texas 
American Museum of Natural History, New York 
American Philosophical Society, Philadelphia 
Amherst College Museum 
Asiatic Society of Bengal, Calcutta 

Bohemian Museum, Prague 
Bologna Museum, Italy 
Breslau 

Geological Institute of the University 
Paleontological Museum of the University 

British Museum (Natural History), London 
Bucharest, University Museum 

Budapest 
Ungarische geologische Reichsanstalt 
Ungarisches Nationalmuseum 

Cairo, Egypt, Geological Museum 

Carnegie Museum, Pittsburgh 
Colorado Museum of Natural History, Denver 

Darmstadt Museum 

Escuella de Minas, Mexico 

Field Museum of Natural History, Chicago 
Florence Museum, Italy 

Florida Geological Survey, Tallahassee 
Fort Hays Kansas State College 

Geological Society of London 
Geological Survey, Bandoeng, Java 

Indian Museum, Calcutta 

Leningrad Museum 

Mainz Museum 
Montpellier, France, Faculté des Sciences 

Musée Crozatier, Puy-en-Velay, France 

Musée d’Orléans, Avaray, France 

Museo Argentino de Ciencias Naturales, Buenos Aires 

CAT. NO. 

13278 Trilophodon obscurus type (cAaSt).... 02... ec cece cece nent tenes e eee e eee eee rene snaes 

13352 Mastodon [= Zygolophodon] borsoni type (cast) .... 6... 6 cee ee eee eee eee eens 

Mastodon americanus rugosidens type... .. 0... e cece cee e eee eee eee eee eens 

Rhynchotherium brownt ref... .. 0... cece eee eee eee eet eee ee cena eens nese eean seer seses 

Stegomastodon mirificus type (in part; see U. 8. National Museum DOD) init coeraaseeien a eta 

AGRICULTURAL AND MECHANICAL COLLEGE, COLLEGE STaTion, TEXAS 

Trilophodon (?Tetralophodon) brazosius type... . 0.0.0... 50 000 eves eee eee ee eee eee eens 

Tue AmMericAN Museum or Natura History 

1875 Ocalientinus (Serridentinus) bifoliatus type... . 2... 660s e eee eee eee e eee ees 

1907 Trilophodon simplicidens type. ....... +... eecee eee e ener esse eee eneseensesasees 

1908 Serridentinus brewsterensis type... .. 260.0 cee eee ee eee eee e eens ee Sees 

1909 Trilophodon obscurus type (cast)... . 0.6.6 c ccc cere eee eee e tees rete terest essa sesas 

2100 Tetralophodon elegans type (cast)... .... 6... cece rere eee e eee enter rere se tease ses ee es 

2572 Serridentinus subtapiroideus cotype (cast)... .. 6... 6s eee eee -o-bip 6k ainlcis hs ol oe 

2573 Stegomastodon aftonia type (cast)... ... 6c. ce eee eee ee eee cere e teen enna sean e ne nee eas 

Museo Instituto Nacional geologico Mexico 
Museo Nacional de La Plata 

Museos de la Universidad Central del Ecuador, Quito 

Muséum d’Histoire Naturelle, Geneva 

Muséum National d’Histoire Naturelle, Paris 

Museum fiir Naturkunde der Universitit, Berlin 

Muséum des Sciences Naturelles, Lyon 

Nebraska State Museum, Lincoln 

Ohio State University Museum, Columbus 

Private Collections—Mark Francis 

Senckenberg Museum, Frankfort, Germany 

Staats-Sammlung fiir Paliontologie und historische Geologie, Manchen 

Stockholm Museum, Sweden 

Stuttgart Naturalienkabinett 

Texas Geological Survey, Austin 

Turin Museum, Italy 

United States National Museum, Washington, D. C. 

University of California, Berkeley 
University of Iowa, Iowa City 
University of Kansas, Lawrence 

University of Leipsic, Palzeontological Museum 

University of Moscow (Geological Cabinet) 

University of Washington, Seattle 

Vienna 
K. K. Geologische Reichsanstalt 
K. K. Naturhistorisches Hofmuseum 
Paliontologisches Institut der Universitat 

Winterthur Collection, Switzerland 

Yale University, Peabody Museum of Natural History 

Zoological Society, London 
Zurich Collection, Elgg, Switzerland 

Zurich Museum 

AcADEMY OF NATURAL ScreNCES, PHILADELPHIA 
PAGE 

285, 286, 392, 394 

415, 416, 431 
285, 392, 394 
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CAT. NO. 

2584t 

2595 (Warren Coll.) 

2600 
3283 (Dept. Mamm.) 

5205 

5211 
8137 (Cope Coll.) 

8523 (Cope Coll.) 

8527 (Cope Coll.) 

8528 (Cope Coll.) 

8529 (Cope Coll.) 

8530 (Cope Coll.) 

8531 (Cope Coll.) 

8532 (Cope Coll.) 

8536 (Cope Coll.) 

9366 

9845 

9905 

9908 

9951 

9976 

9977 

9978 

9979 

9980 

9981 

9982 

9983 

9984 

10380 

10455 

10459 (Warren Coll.) 

10460 (Warren Coll.) 

10465 (Warren Coll.) 

10470 (Warren Coll.) 

10481 (Warren Coll.) 

10484 (Warren Coll.) 

10582 

10585 

10618 

10619 

10622 

10623 

10666 

10673 

10697 

10698 

10799 

10800 

11190 (Cope Coll.) 

11192 (Cope Coll.) 

12388 
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AMERICAN Museum (continued) 
PAGE 

Phiomia Osborne Teh eee  eeno F eee Sinn eS Octoahes eee Eee ehctivees es uae a Ee eS ee a 334, 465 
Mastodon amerteantis Tele oa ove aus ices suet os dats: chargers eee Da eae ee ICE oi) ese eet ace eee een 175 

Ocaltentinusi(Sernedentinius) repr Olea sece ke ace er.) att Paley gets ciara ere ee eee 415 

Loxodonia: africanayomiyovds meteaeene ee io eit aie hoe teeta ee nae leche ot ce er 179 

Tirilophodanicoopenvauy pel (CAS) kee aes eis Gis ini ketene eee eet ee 270, 277, 279 

MA og) Colyer ANH ATS) (CUA) am as 0coeoodnagabbeansceabagenbooseddsaaasocssouoaaad 270, 277, 279 

Jed OWA OL AAO. GRIND UO aoe ons daqdsleSboncadscseesustensumbcoocesdconkaad wad 476, 483, 486, 502 
Sennidentenusyproauicsnty/D Ceres ents ete re easier eee eee eee 394, 403, 404 

Retralophodon.campestensuy peer ie aerate raisers ire 305, 342, 359, 365, 369, 370, 371, 376, 378, 390 

IAC NOOO. CUI DOCINO. UNNIg a doen ab noe Coa ec Oooo boone oes oee cnn dtagcoDoE 484, 489, 490, 491, 504, 509, 512 

SOTA OUS TRUTRASUS WNOOs a do gaceinecesa sooo a zoo guHpedpo Daten ssuoNe 227, 298, 328, 382, 401, 402, 407 

Ocalientinus (Serridentinus) republicanus paratype............-..---++++-22-- +e eee eee 328, 414, 415, 421 

Unilophodonyizgonuenusnuy Dp Critex Prewitt sei ere eee ie ee eee 298, 312, 328 

TANIA MO LG OHO WACOM USPOe co oe 4 36 ebb eos sce b os coor eos oouddte 230, 232, 406, 484, 495, 500, 504, 512 

Ocalientinus (Serridentinus) republicanus type...... 02... 0.00 cece tee eee ees 328, 414, 415, 421, 435, 436 

RinenoineniumnectiGensnoyO Ce: erie: aise eie iieeeea erey -ee 488 

IMiaistodon: Genicamus TOL oe coe fesec os sic dard A soar ewer cae Fe etree ee yes See Si ec ace nase ee 150 

Miho Nal PET TOMES We (CHA )o a ooacocagaas -cSesado45e0006000d0 dun uosuauosae ..268, 269, 276,! 687 

On page 276 given incorrectly for 9905. 
MiadstOdOniGMmeniCanUusirelic mewn a Ae ee a sic voten creo a. eae bete etek ot sertonen eee edse 176, 177, 178, 181, 182, 185, 681 

Baleomastodonspanvius vty pe (CASu) hier. oie ceiaier ie kee niet seeder ie eC ee ee tee 59, 60, 147 

WC TANGO D ROSE (sn (CRI) 6s go seee sade pecedadoba5oosas ons 5o00n sade de cond eaoossodoouos sao. 55, 72 

Mieritherim yj onsmpamaby pes (CASt) he rseneete reteset ieee eee niet eee ene eee 55, 72 

Mierathenvimignacileniy peu (GASt) be = seers ciated. csc: e score (ale yoesyare yn SUED Sim optevn ole love enolate a eee ee ee 56 

Menthernumtnigodonsby pel (Cast) 22. 222 er cuicis sersciiete ac ye sue pele = entre ele te ge a2 nel etter fae a 57 

(BRLomiaysernidensat yen (CASE) Niles meer ese laa aby ate Pe che de ekets tar nek asia nee gels te ene eee ea 55, 56 

PL LOMmiGhINUNOT AY DCs CASU) smut ores aiciai ns te etae ey aie este eck EA Io cere ee tte 58, 59 

WAGGING CHI TCUDSE UNA Ne (CAN)e ou sup ggoadeaneanceoneSeeasssooos oocdceerdbounoocenuagsnenssrass 61 
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Synconplophus PiyChodus GY DE. «21-1. vie stsl-) elaine .656, 657, 658 

Serridentinus brown? refs... 0.005. issue ove o la gw wae pis » > wets ele aan Ml Oe re _ 454 

Stegolophodon cautleyi progressus type. .... 2... eee ee eee ee ee eee eee eee ceme eer ceeneestannessssees Pity 

Serridentinus.chinjiensis type. . . << con «cs s< 0s eplase es ss oa eee Meola 450, 451, 452, 456 

Stegolophodow. nathotensts tY Pe... vers vino e 00400 001s ain +s slalaloielets mule aa) eelelh ie ssi SEs m 5)5ee ene see 

Synconolophis hasnolt Vel... sis. wo se ve vee aviv ao sole a ole Pew WEG Oe Speer 660, 664! 

Serridentinus hasnotensis rel . oc cose: i o.¢ 40 0 010 @ a 0 0 «ve ole we byls ania A gintst bts stlsl ein a kp ane 451, 452 

Synconolophus dhokpathanensis ref... . 1... 606 ccs e eee eee ee eee eee eee eset ere eaaeas 655, 663, 664 

Synconolophus dhokpathanensis ref... 2... 6066 ee eens 655, 656, 658, 663, 664 

Stegolophodon stegodontoides ref... . 1... sence ene cece nec n wees basses ces saneensennesessssascasaus 664 
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Serridentinus hasnotensis ref... cos occu cae soos ny oh 6 40 Ska) s npebpa lene Sip ele tale suk 5 © sme ete mii 451, 452 
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Synconolophus dhokpathanensis type 

Tetralophodon punjabiensis ref 

‘Incorrectly listed as Synconolophus dhokpathanensis. 

347, 629, 655, 661, 662, 663, 664 
342, 347, 364, 365, 661 
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Taal pHod om crucrens stele akon. ste <a s alegre Gade viet ete OTe eC I nee hkl ea eee 319 
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1An incorrect determination and number. 
*Erroneously referred to Trilophodon osborni. 
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BIBLIOGRAPHY OF THE PROBOSCIDEA, 1602-1935 

The present Bibliography includes titles ranging in date from 1602 to 1935. Such omissions as may be discovered will be 
placed in a supplementary bibliography at the close of the second volume, referring to all the essential literature of both Volumes I and IT. 

The total Bibliography of the Proboscidea is too vast to be included here; supplementary titles must be sought in special Memoirs. 
For the Proboscidea of Eurasia and Africa, see especially Memoirs of: 

Cuvier (1806-1836) 

Fischer de Waldheim (1834) 

Von Meyer and Géppert (1848) 
Falconer (1845-1868) 

Warren (1852-1855, including North 

America) 
Brandt (1869) 

Gaudry (1862.1) 

Vacek (1877.1) 

Lydekker (1880.1) 

Weinsheimer (1883.1) 

Depéret (1885-1908; especially 

1923.1—Pliocene elephants) 
Howorth (1887.1) 

Capellini (1888.1, 1893.1, 1907-1908) 

Pohlig (1889-1892) 

Weithofer (1889-1893) 

Trouessart (1897-1905) 

Sherborn (1902-1933) 

Palmer (1904.1) 

Mayet (1908.1) 

Mayet and Roman (1923.1) 

Schlesinger (1911-1922, especially 

1917.1, 1922.1) 

Soergel (1912-1929—Plio-Pleistocene 

Proboscidea) 

Dietrich (1912-1924) 

Zuffardi (1913.1) 

Freudenberg (1922.1) 

Matsumoto (1918.1, 1926.1, 1929.1) 

Cabrera (1929.1—South America) 

De Lorenzo and D’Erasmo (1927-1931) 

For the Proboscidea of America up to the year 1869, see Leidy (1869.1), after the year 1869, see Hay (1902.1, 1929.1); for the 
geographic distribution of Mastodon americanus of the Pleistocene, see Hay (1923.1, 1924.1, 1927.1), also figure 123b of the present 
Memoir. 

The annotations in the present Bibliography epitomize the principal points in (a) nomenclature, (b) geologic or time correla- 
tion, (c) geographic distribution. In certain instances the present author has added his own comments, and where there might be danger 
of ambiguity, these comments have been inserted in square brackets. 

The reader’s attention is called to the numbers used in connection with the titles by the present author. These numbers cor- 
respond to those assigned in the Osborn Bibliography of 1930 appearing in his “‘ Fifty-Two Years of Research, Observation and Publiea- 
tion” and in the Supplements issued since that time. 

Anonymous 
1827.1 Anatytica, Notices or Books... HisrorrE NATURELLE 

DES MAMMIFERES, AVEC DES FIGURES ORIGINALES, DESSINEES 

D’APRES DES ANIMAUX VIVANS; ETC. Par MM. Grorrroy Satnt- 

Hivaire et F. Cuvier. Zool. Journ. London, III, pp. 140-143. 
New genus: Lozodonta. 

1832.1 Ussmr DIm NEULICHE ENTDECKUNG EINES FOSSILES ELEPHANTEN- 

Sxeverr. Isis, [XXV], Heft X, pp. 1111-1114. Signed ‘Ein Natur- 
forscher in St. Petersburg.” 

E. affinis, Heft X, 1832, p. 1112, attributed to “Herr B" [Herr Brandt (?)] 
Review in Neues Jahrb. Min., 1833, pp. 610, 611. 

1832.2 Unsigned review of Eichwald’s Naruruistor. SkK1zzE von LirH- 
AUEN, VOLHYNIEN UND Popo.ren. Wilna, 1830, pp. 238-253. 

Neues Jahrb. Min., pp. 354-356. 
1906.1 Tur Sku. or AN ELEPHANT WiTH BUT ONE Tusk. The Has- 

lemere Museum Gazette, I, No. 1, May, p. 13, Pl. 1. [Probably by 

Ernest William Swanton, Assistant Editor and Curator of the 

Museum. | 
Elephas indicus from Ceylon. 

1909.1 Tuer ImperiaL Gazerrerr oF INDIA. New Edition, XXVI. 8vo, 

Oxford, Clarendon Press. 
Includes 64 maps and General Index. 

1928.1 TrrraBELopon Nov. Spec. Ayora-Sprttm. El Ecuador Com- 

ercial, Afio VI, March, No. 57. Quito, Ecuador. 
1928.1 Ex Masropontr pre ALANGas!. El Ecuador Comercial, Afio VI, 

March, No. 57, pp. 74, 75. Quito, Ecuador. 
1934.1 Discovery or ANorHER Mamoru SKULL IN New York Stare. 

Ward’s Nat. Sci. Bull., No. 1, October, p. 4, fig. | Rochester. 

1935.1 Recenr Acquisitions AT THE British Museum (Natural 

History). Nature, CXXXVI, No. 3431, Aug. 3, p. 176. 
Skull and tusks of a young specimen of the forest elephant, from the Gola 

Forest, Sierra Leone, important as accompanied by two complete tusks 
“in every way similar to the tusks hitherto accepted as belonging to 
the so-called ‘dwarf’ elephant." 

Abel, Othenio 
1907.1 User pin BepEUTUNG DER NEUEN FosstLFUNDE IM ALTTERTIAR 

Aayprens FUR pip GescHicuTe DER SAuGetiere. Verh. k. k. zool.- 

bot. Ges. Wien, LVII, pp. 78-80. 
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1911.1 Die BepeurunG pDER FossILEN WIRBELTIERE FUR DIE AB- 
STAMMUNGSLEHRE. Die Abstammungslehre (Abel, Brauer, Dacqué 

etal.). S8vo, Jena, pp. 198-250, text figs. 1-33. 
Phylogeny and environment. 

1912.1 Grunpziice pER PALAEOBIOLOGIE DER WIRBELTIERE. 

Stuttgart, pp. xv +-708, 470 text figs. 
Phylogeny and environment. 

1914.1 Die vorzeirticnen SAuGeTIEeRe. 

text figs. 
Phylogeny. 

1914.2 Neue ReKONSTRUKTION DES MAMMUT NACH DEN ZEICHNUNGEN 

DES E1szEITMENSCHEN. Verh. k. k. zool.-bot. Ges. Wien, LXIV, pp. 
21-30, 3 text figs. 

1919.1 Dire RekonsTRUKTION VON MasTopon ANGusTiIpens Cry. 

Naturw. Wochenschr., N. F., XVIII, pp. 217-224, 3 text figs. 

1922.1 LeBeNsBILDER AUS DER TieRWeLT DER Vorzerr. Svo, Jena, 
pp. vii +643, frontispiece and 507 text figs. 

Dinotherium, fig. 82. 

1925.1 GescuicuTe UND Meruope perk ReKONSTRUKTION voRzErT- 
LICHER WIRBELTIERE. 8vo, Jena, 327 pp., 255 text figs. 

1928.1 PLastiscue REKONSTRUKTION DES LEBENSBILDES VON Buno- 

LOPHODON ANGUSTIDENS. Palaeobiologica, I, pp. 481-486, Pls. 
XXXVII, XXXVIII. 

Abich, Otto Wilhelm Hermann von 

1859.1 Usper pas STEINSALZ UND SEINE GEOLOGISCHE STELLUNG IM 

RUSSISCHEN ARMENIEN. Mém. Acad. Imp. Sei. St. Pétersb., (6), 
IX, Math. et Phys., VII, pp. 59-150, Pls. 1x. 

Absolon, Karel 
1929.1 AN AMaAzING PALmo.rrnic 

Il. ReVELATIONS CONCERNING THE MamMmoru-Hunrers or Cen- 

TRAL Europe. The Illustrated London News, CLXXV, No. 4727, 

Nov. 23, pp. 881, 890-894; No. 4728, Nov. 30, pp. 934-038. 

Acconci, Luigi 

1880.1 Sopra una Caverna Fosstuirernsa Scorerta a CuciGLiana 

(Monti Pisan1). Atti Soc. Toscana Sci. Nat., V, Fase. I, pp. 109- 

166, Pls. ttv. 
New species: Elephas (Buelephas) antiques var. nana, 

8vo, 

8vo, Jena, pp.v +309, 250 

“Pomren"’ i Moravia.—lI, 
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Adams, Andrew Leith 
1868.1 Has rue Asiatic ELEPHANT BEEN FOUND IN A Fossit Stats? 

. . . Wir Some AppiTionaL Remarks; By G. Busk, Hsq., F.R.S., 

F.G.S. Quart. Journ. Geol. Soc. London, XXIV, Pt. I of Proce. 

Geol. Soc., pp. 496-499, text fig. 

1870.1 Nores or a NaTuRALIsT IN THE Nive Vauury AND Matra. 

8vo, Edinburgh, pp. xvi+295, 11 pls. and other illustrations. 
New species: Elephas mnaidre, p. 224. 

1874.1 ON THE DenTITION AND OsTEOLOGY OF THE MALTESE FOSSIL 

ELEPHANTS, BEING A DESCRIPTION OF REMAINS DISCOVERED BY THE 

AuTHOR IN MaLTA BETWEEN THE YEARS 1860 AND 1866. Trans. Zool. 

Soe. London, LX, Pt. I, November, pp. 1-124, Pls. 1-xxn, text figs. 

1-9. 
Elephas melitensis and E. mnaidriensis. Name mnaidrx (1870) changed to 

mnaidriensis, p. 116. 

1877-1881 MonoaraPH ON THE British Foss, ELEpHants. 

London, 265 pp., 28 pls. 

Adams, Michael 

1808.1 Some Account oF A JOURNEY TO THE FROZEN SEA, AND OF THE 
Discovery OF THE REMAINS OF A Mammotnu. Phil. Mag. (Tilloch), 

XXIX, October-December, 1807, and January, 1808, pp. 141-153. 

Agassiz, Jean Louis Rodolphe 
1850.1 ON THE Fosstt REMAINS OF AN ELEPHANT FOUND IN VERMONT. 

Proc. Amer. Assoc. Adv. Sci., 2d Meeting, pp. 100, 101. 
Slope of Mt. Holly, Vermont. 

1853-1856 See Bronn, Heinrich Georg. 
Deinotherium, p. 805. 

1862.1 Masropon ToorH in AMADOR Co., CALIFORNIA. 

Sci., (2), XXXIV, p. 135. 
Editorial note supposed to have been written by Agassiz (fide Hay, 1902). 

Aichel, Otto 
1918.1 KausaLe StTupIE ZUM ONTOGENETISCHEN UND PHYLOGENET- 

ISCHEN GESCHEHEN AM Kierer. Abh. kgl. preuss. Akad. Wiss., 

Phys.-math. Kl., Nr. 3, August, pp. 1-109, Pls. 1-v, text figs. 1-21. 

Aichhorn, Sigmund Johann Nepomuk 
1857.1 Der AurmMerKsAMe. (Fide Weinsheimer, 1883.1, p. 215; orig- 

inal not available.) See ‘‘Fossile Knochen in Steyermark,’’ Neues 

Jahrb. Min., 1857, p. 375. 
Mastodon and Dinotherium. 

Airaghi, Carlo 
1917.1 Sur Mowari v’ELEFANTE DELLE ALLUVIONI LOMBARDE CON 

OsSERVAZIONI SULLA FILOGENIA E SCOMPARSA DI ALCUNI PROBOSCI- 

pati. Mem. Soe. ital. Sci. Nat., VIII, Fase. III, pp. 193-242, Tav. 

xium-xv. Milano. 

1922.1 OsspRvAzIONI sUL GrNERE DINOTHERIUM. 

Ital., XLI, Fase. II, pp. 132-138. Pisa. 
Dinotherium gigantissimum, D. giganteum, D. medium, D. bavaricum, D. Cuvieri, 

D. indicum, D. pentapotamiz, D. sindiense. 

Ameghino, Florentino 

1878.1 CaTALOGUE SPECIAL DE LA SECTION ANTHROPOLOGIQUE ET PAL- 

BONTOLOGIQUE DE LA R&PUBLIQUE ARGENTINE. Expos. Univ. de 

1878. Groupe second—Classe huitiéme, 80 pp. S8vo, Paris. 
Proboscidea, pp. 38 and 57. 

1888.1 RApipas DIAGNOSIS DE ALGUNOS MaAmirrros Fésttes Nurvos 

DE LA RepUBLica ARGENTINA. S8vo, Buenos Aires, Feb. 15, 17 pp. 
New species: Mastodon argentinus, M. platensis, M. superbus. 

1889.1 ConrTRiBUCION AL CoNOCIMIENTO DE LOS Mamireros FésiLEes 

DE LA Reptsuica ARGENTINA. Actas Acad. Nac. Cien. Cérdoba, 
VI, pp. xxxii+1027, text figs. Atlas, 98 pls. 

New species: Mastodon rectus, p. 643. Type figures of Mastodon platensis, p. 
641, M. rectus, p. 643, M. argentinus, p. 644, M. superbus, p. 647. 

4to, 

Amer. Journ. 

Boll. Soe. geol. 

1891.1 Mamirpros y AVES FéSILES ARGENTINOS.—ESPECIES NUEVAS, 

ADICIONES Y CORRECCIONES. Revista Argent. Hist. Nat., I, pp. 

240-259, fig. 
New species: 

1902.1 Linba FiLogENfiTIcA DE LOS Prososcipros. An. Mus. Nac. 

Buenos Aires, VIII (Ser. 3", I), pp. 19-43, text figs. 1-38. 
1902.2 Cuapro Sinéptico pr LAS FORMACIONES SEDIMENTARIAS, 

TeRCIARIAS Y CrETACEAS DE LA ARGENTINA EN RELACION CON EL 

DESARROLLO Y DESCENDENCIA DE LOS Mamireros. An. Mus. Nac. 

Buenos Aires, VIII (Ser. 3°, I), pp. 1-12. 
New species: Mastodon tarijensis (name only). 

Mastodon maderianus. 

JSBORN: THE PROBOSCIDEA 

Ami, Henry Marc 
1898.1 THe Masropon In WESTERN ONTARIO. 

p- 80. 

Anderson, Netta C., and Johan August Udden 

1905.1 A Previinary List or Fosstr Mastopon anp MAmMorH 

REMAINS IN ILLINOIS AND Iowa. By Netta C. Anderson. Augustana 

Library Publ., No. 5, Rock Island, Ill., pp. 9-43, 2 maps. ON THE 

PROBOSCIDEAN Fosstts OF THE PLEISTOCENE Deposits IN ILLINOIS 

AND Iowa. By Johan August Udden, ibid., pp. 45-57. 
Reviewed in Amer. Geologist, XXXVI, No. 4, p. 258. 

Anderson, Robert Van Vleck 

1927.1 Tertiary STRATIGRAPHY AND OROGENY OF THE NORTHERN 

Punsas. Bull. Geol. Soc. Amer., XX XVIII, Dec. 30, pp. 665-720, 

map. 

Andreae, Achilles 

1904.1 Drirrer BerirraG zuR BINNENCONCHYLIENFAUNA DES MIo- 

CANS VON OPPELN IN ScHLESIEN. Mitt. Roemer-Mus. Hildesheim, 

No. 20, August, pp. 1-22, text figs. 1-15. 
Mastodon angustidens listed, p. 19. 

Andrews, Charles William 
1901.1 Fosst, VERTEBRATES FROM Eeypt. Zoologist, (4), V, Aug. 15, 

pp. 318, 319. 
New genus: Palzomastodon (name only). 

adnelli {name only). 

1901.2 TaGrsLatr pes V INTERNATIONALEN ZOOLOGEN-CONGRESSES. 

Berlin, No. 6, Aug. 16, p. 4. (Published Volume, Verhandlungen, 

1902, p. 528.) 
New genus: Meritheriwm. New species: 

mention of Palzomastodon beadnelli. 

Science, N. 8., VII, 

New species: Palzomastodon 

Meritherium lyonsi. Further 

1901.3 Pretiminary Nore on Some Recentiy DiscovereD Extinct 

VERTEBRATES FROM Eeypr. (Part I). Geol. Mag., Dec. IV, N.S., 
VIII, September, pp. 400-409, 4 text figs. 

Palzomastodon beadnelli and Meritherium lyonsi, description and figure. 

1902.1 Previminary Nore on Some Recentiy DiscovereD Extincr 

VERTEBRATES FROM Eeypr. (Part III). Geol. Mag., Dee. IV, N.S., 

IX, July, pp. 291-295. 
New species: Meritherium gracile. 

1903.1 ON THE EvoLuTIon oF THE PrososcipEa. Phil. Trans. Roy. 
Soe. London, CXCVI, B, pp. 99-118, text figs. 1-15. 

Proboscidea: Meritherium and Palzomastodon. | Possible inclusion of Bary- 
therium and Arsinoitherium in the Proboscidea. Demonstration of an 
Ethiopian center of distribution of the Proboscidea. 

1903.2 Nore on a TootuH or ELEPHAS NAMADICUS. 

Fasciculi Malayenses. Zoology—lI, p. 307. 
Molar found on Bukit Besar, Nawngchik. 

1904.1 Furtraer Nores oN THE MAMMALS OF THE EocENE oF Eeypt. 

Geol. Mag., Dec. V, N.S., I, March, pp. 109-115, 2 text figs. 
New species: Meritherium trigodon and Palzomastodon minor. 

1905.1 Nore on THE Species or Pau#omastopon. Geol. Mag., Dec. 
V, N.S., II, December, pp. 562, 563. 

New species: Palzomastodon parvus and Palzomastodon wintoni. Palzomasto- 
don minus cited in error for P. minor, p. 562. 

Reprint from 

1906.1 A Descriptive CATALOGUE OF THE TERTIARY VERTEBRATA OF 

THE Faytm, Eeypr. 4to, London, pp. xxxvii+324, 26 pls., 98 
text figs. 

New families: Mceritheriide, Paleomastodontide. Type figures of: Meri- 
therium gracile, M. trigodon (trigonodon), and M. andrewsi, also of Palzo- 
mastodon minor, P. parvus, and P. wintoni. 

1907.1 Nore on Some VERTEBRATE REMAINS COLLECTED IN THE 

Faytm, Eeyrr, 1x 1906. Geol. Mag., Dec. V, N.S., IV, March, 
pp. 97-100, text figs. 1, 2. 

1908.1 On THE SkuLL, Manpisun, AND MitK DentiTIon or PaLxo- 

MASTODON, WITH SOME REMARKS ON THE TooTH CHANGE IN THE 

PROBOSCIDEA IN GENERAL. Phil. Trans. Roy. Soc. London, CXCIX, 

B, pp. 393-407, Pls. xxxI, XXXII. 

1908.2 A Guipr To THE EverHants (RECENT AND Fossit) . . . 

British Museum (Narurau History). 8vo, London, 46 pp. 31 

text figs. 
1909.1 Nore on THE MANDIBLE or A New Species or TETRABELODON 

FROM THE Loup Fork Bens or Kansas. Geol. Mag., Dec. V, N.S., 

VI, August, pp. 347-349, text figs. A, B, C. 

New species: Tetrabelodon dinotherioides. 
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Andrews, Charles William—Continued 

1909.2. Tue Systematic Position or Maeriruerium. Nature, LX XXI, 
p. 305. 
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Derivation of the names Manchhar and Gaj, p. 9, with the stratigraphy of these 

two formations. 

1878.1 On THE GeoLoay or Sinp, (Seconp Notice). Rec. Geol. Surv. 

India, XI, pp. 161-173. 
Mart, Ges, and Manchhar groups, also general sequence of Tertiary beds in 

ind, 

1888-1891. THe Fauna or Britisu Inpia, Mamaia. 8vo, Lon- 
don, Calcutta, Bombay, Berlin, pp. i-vi +iii-xx+617. 

Proboscidea, Elephantidw, Elephas maximus, pp. 462-467. 

Blatchley, Willis Stanley 
1898.1 Tue Gro.ocy or Lake AND Porter Counties, INDIANA. 

22d Ann. Rept. Geol. and Nat. Resources for 1897, Indiana, pp. 25- 
104, Pls. 1-vi1, text figs. 1-9, map. 

Mammoth and Mastodon, p. 89. 

Blumenbach, Johann Friedrich 
1779.1 Hanpsucn per Naturcescuicuts. 2 Theile, pp. xi+559 

[27], 2 pls. 8vo, Gottingen. Erster Theil (1779); Zweyter Theil (1780). 
Elephas Maximus, p. 130. Mammontovaiakost, p. 548. 
Cc Ww. Actirewa: letter June, 6, 1922); “The name Mammut ohioticum is not 

used in the first edition (the date of the second part is 1780 not i). 
. . I cannot find the figure used in any of the works before the 

“dungen of 1797.""] 

1797.1 Hanpsucn per Naturcescuicute. Fiinfte Auflage, pp. xviii+ 
714 [32], 2 pls. Svo, Géttingen. 

Elephas asiaticus, p. 124; Blephas africanus, p. 125; Mammontovaiakost, p. 703. 

1797.2 ABBILDUNGEN NATURHISTORISCHER GEGENSTANDE. Heft II, 

Nos. 11-20, Géttingen. First edition, Hefte I-X, 1796-1803. 
Ohio-Incognitum, Asiatic Elephant (Blephas asiaticus), African (africanus). 
{The name Ohio-Incognitum first occurs on the back of the title following 

other specific names: 11, “Simia troglodytes... 19. ne 
vom fossilen Ohio-Incognitum, und von den beiderlei Gat des Ele- 
hantengeschlechts."" The name occurs agai 

heave 19A. This name is listed in Italics with other specific names and 
aun by de Bilagie (1839-1864) as the first specific name to be applied 
tot animal. 7 

[In a letter from C. W. Andrews, (June 6, 1922) he quotes C. Davies Sherborn 
as follows: ‘*The words ‘Ohio i itum’ are not used in a generic or 
specific sense; they mean simply * Ohio incognitum as is easily seen 
by the second of the description, and are quite invalid.”| : 

[See, Roweven, Blainville’s “ Ostéographie,” 1539-1864, p. 245, in which “Ohio 
incognitum, 1797," also “Mammouth Ohioticum™ are ci among the 
synonyms of “Le Grand Mastodonte.”| 
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Blumenbach, Johann Friedrich—Continued 

1799.1 HanpBucH DER NATURGESCHICHTE. 

Géttingen, pp. xvi+708 [32], 2 pls. 
Elephas asiaticus, p. 121; Elephas africanus, p. 122; Elephas primigenius, 

p. 697; Mammut ohioticum, p. 698. ae 
(P. 697): ‘‘3) Von einem ungeheuer grossen Elephanten enue primi- 

genius?) [die vermeinten Riesenknochen**) unsrer ehrlichen Alten]; 
unter andern auch in Menge in Deutschland***). So z. B. das beriichtigte 
Elephantengerippe das 1695 bey Burg-Tonna im Gothaischen ausgegra- 
ben worden etc.”’ 

‘ef Voigts Magazin. V.B.I.StS.16u.f.” 
‘eek (Kriegsr. Merk) lettres sur les os fossiles d'elephans et de rhinoceros 
qui se trouvent en Allemagne &c. I-III. St. Darmst. 1783 u. f.4."" 

(Pp. 697, 698): ““C) Véllig unbekannte. So zu Einem Beyspiel statt aller das 
colossalische Land-Ungeheuer der Vorwelt, das Mammut (Mammut 
ohioticum) dessen Gebeine besonders am Ohio in Nordamerica etc. in 
Menge ausgegraben werden; und das sich unter andern schon durch die 
eigne auffallende Form seiner enormen Backzihne (—Abbild. n.h. 
Gegenst. tab. 19.—) von der iibrigen thierischen Schépfung der Vorwelt, 
ausgezeichnet.”” 

1803.1 HanpBucH pER NATURGESCHICHTE. 

Gottingen, pp. xvi+734 [34], 2 pls. 
Elephas primigenius, p. 722; Mammut ohioticum, p. 723. 

1803.2 Manvet p’Historre NATURELLE, TRADUIT DE L’ALLEMAND, DE 

J. Fr. BuumMensAcu, PAR SouLANGe Arraup. 8vo, Metz, I, pp. 

xvi+512; II, pp. iii+472. 
Elephas asiaticus, p. 153; Elephas africanus, p. 155; 

p. 407; mammout Ohioticum, p. 408. 

Sechste Auflage, 8vo, 

Siebente Auflage, 8vo, 

elephas primigenius, 

1810.1 ABBILDUNGEN NATURHISTORISCHER GEGENSTANDE. Second 

edition. 
See first edition above (1797.2). Hefte 1, 3, 4, and 5 only are of this second 

edition. 

Blyth, Edward 
1872.1 Witp InpIAN ELepHants IN Days oF YORE. 

VII, pp. 3169-3172. 

Boas, Johan Erik Vesti, and Simon Paulli 
1908, 1935. THe EvepHant’s Heap: Srupims IN THE COMPARATIVE 

ANATOMY OF THE ORGANS OF THE HEAD OF THE INDIAN ELEPHANT 

AND OTHER Mammats. Pts. I and II. Folio, Gustav Fischer, 

Jena. 
Pt. I (1908), 79 pp. (1-79), 17 pls. (in color), 4 text figs.; Pt. II (1925), 51 pp. 

(81-131), 46 pls. (many in color). 

Bocage, J. V. Barboza du 
1890.1 Mammiréres p’ANGoLA ET DU Congo. Journ. Sci. 

Phys. Nat. Lisboa, (2), II, No. V, pp. 1-32, Pl. 1. 

Bolk, Louis 
1919.1 Zur ONTOGENIE DES ELEFANTENGEBISSES. 

Studien, IIT. 8vo, Jena, 38 pp., 22 text-figs. 

Bonaparte, Charles Lucien Jules Laurent 

1838.1 Synoprsts VERTEBRATORUM SYSTEMATIS. 

Bologna, Anno I, Tom. II, pp. 105-133. 
Places the family Elephantidw, subfamily Elephantina, under the Order 

Belluz, p. 112. 

1839.1 Propromus Systematis Mastrozoo.oai®, 8vo [Rome], 13 pp. 
Order Belluw, family Elephantidx, subfamily Elephantina, p. 5. 

1841 [1837] A New Systematic ARRANGEMENT OF VERTEBRATED 

Animats. Trans. Linn. Soc. London, XVIII, pp. 247-304. (Read in 
1837.) 

Family Elephantide, the subfamilies Dinotherina and Elephantina, under the 
Order Belluz, p. 253. 

1845.1 CaraLoco meropico pet Mammireri Evroper. Milan, 36 pp. 
Dinotheride, p. 4 (fide Palmer, 1904, p. 738; original not available). 

1849.1 On THE Lorine GENUS or Parrots, EcLECTUS, WITH THE 

DescripTION OF A NEw Species, Ectectus CornewiaA. Proc. Zool. 
Soc. London, XVII, pp. 142-146. 

Suephs emeoronse in the Muséum d'Histoire Naturelle des Pays-Bas, Leiden, 

Zoologist, (2), 

Math. 

Odontologische 

Nuov. Ann. Sci. Nat. 

1850.1 Conspectus Sysrematis Masrozootocim. Mammatra. Folio, 
Lugduni Batavorum. 

Dinotheriid# (placed under Sirenia). Dinotheriina. 

Borissiak, Alexei Alexievich 

1928.1 On a New Mastopon FrRoM THE CHOKRAK BEDS (MIDDLE 

Miocene) or THE KUBAN REGION, PLATYBELODON Danovl, N. GEN. 

n. sp. Ann. Soc. Paléont. Russie, VII, for the year 1927, January, 
pp. 105-120, Pl. vin, text figs. 1, 2. In Russian language (sum- 
mary in English). 

New subfamily: Platybelodonting. 1 New genus and species: 
Danovi. 

Platybelodon 

PROBOSCIDEA 

1929.1 On a New DIREcTION IN THE ADAPTIVE RADIATION OF MasTo- 

ponts. Palaeobiologica, II, pp. 19-33, Taf. m1-v, text figs. 1-4. 

1929.2 Ernick ForRTSCHRITTE DER RUSSISCHEN PALAONTOLOGIE AUF 

DEM GEBIETE DER WIRBELTIERE. Naturwis. Sowiet-Union. Vor- 

triage ihrer Vertreter wihrend der “‘ Russischen Naturforscherwoche” 

in Berlin, 1927, 13 pp., 7 text figs. 

Borissiak, Alexei Alexievich, and E. Beliaeva 

1928.1 TRILOPHODON (SERRIDENTINUS?) INoPINATUs N. Sp. FROM THE 

JiLaNérk Beps or THE TuRGAI Reeion. Bull. Acad. Sci. U.S.S.R., 
Classe des Sci., Phys.-Math., pp. 241-252, Pls. 1, 11. 

Borson, Etienne 
1820.1 Msémorre sur pes MAcuHorres ET DES Dents pu MasToponTE 

prt Mammouru, Trouvées Fossttes EN Prémont. Mem. Acead. 

Sci. Torino, XXIV, pp. 160-176, Tav. 1, 1. 

1823.1 Norse sur pes Dents DU GRAND MASTODONTE TROUVEES EN 

PrmiMONT ET SUR DES MAcuorrEs ET Dents Fossites PRISES DANS 

LA MINE DE HOUILLE DE CADIBONA PROCHE SAVONE. Mem. Accad. 

Sei. Torino, XX VII, pp. 31-42, Tay. m-v. 
[Figure of molar tooth on which Hays founded M, Borsoni.| 

Bortolotti, C. 

1904.1 Denti pit Prososcipati, Dit RINOCERONTE E pi IpPpOPOTAMO 

DELL’ANTICA COLLEZIONE CANALI IN Peruata. Riv. ital. Pal., X, 

pp. 83-93, Tav. rv, v. 

Botti, Ulderico 
1891.1 La Grorra OssIFERA DI CARDAMONE IN TERRA D’OTRANTO. 

Boll. Soc. geol. Ital., 1X, pp. 705-709, Tav. xxv1. 
New species: E. primigenius Blum. var. hydruntinus. 

Boué, Ami 

1834.1 Résumé pes ProGris DES ScIENCES GHOLOGIQUES PENDANT 

L’ANNEE 1833. Bull. Soc. géol. France, V, Deuxiéme Partie, pp. 
vii+507. Lu aux séances des 17 et 24 Février, et 7 Avril, 1834. 

History of the term ‘‘Curtognati,” p. 444. 

Boule, Marcellin 
1899.1 Les MAMMIFERES QUATERNAIRES DE L’ALGERIE, D’APRES LES 

TRAVAUX DE Pomex. L’Anthropologie, X, pp. 563-571. 
Boule, Marcellin, and Armand Thevenin 

1920.1 Mammirzres Fossines pE Tara. Miss. Sci. G. de Créqui- 

Montfort et E. Sénéchal de la Grange, pp. vii+255, 26 pls., 

frontispiece, 65 text figs. 
Proboscidea, pp. 17-74. 

Bourg de Bozas, Robert 

1903.1 D’Appis ApBaBA AU NIL PAR LE LAC RODOLPHE. 

VII, No. 2, pp. 91-112, Pl. 1. 

Branco [Branca], Carl Wilhelm Franz, and Wilhelm Reiss 

1883.1 See Reiss, Wilhelm, and Carl Wilhelm Franz Branco [Branca]. 

Brandt, Johan Friedrich 

1833.1 Unser pie ExisteNz VON SECHS ARTEN VORWELTLICHER ELE- 

PHANTEN, DIE IM ZAHNBAU DEM ASIATISCHEN ELEPHANTEN AHNELN. 

Mém. Acad. Imp. Sci. St. Pétersb., (6), IT, Math. et Phys., Bull. 

Sci., No. 2, pp. x-xv. 
New species: Elephas brachyramphus, p. xi, Elephas giganteus, p. xii, Elephas 

commutatus, p. xii, Elephas stenotoechus, p. xiil, Elephas platytaphrus, 
p. xiv; homotaphrus is mentioned (p. xii) but no description is given. 
Elephas affinis is also mentioned, p. xiv; [apparently the specific name first 
appears in Isis, 1832, p. 1112, in an anonymous article signed “ Ein Natur- 
forscher in St. Petersburg” and is attributed by the writer to ‘‘ Herr B.” 
Herr Brandt?]. 

1860.1 Erster BrRICHT DER SUDRUSSISCHEN ZOOLOGISCH—PALAONTO- 

LOGISCHEN EXPEDITION. Bull. Acad. Imp. Sci. St. Pétersb., II, pp. 

502-511, Tab. 
Mastodon-Skelet von Woskressensk (Gouv. Cherson). 

1869.1 Dr DrNoTHERIORUM GENERE ELEPHANTIDORUM FAMILIAE 

ADJUNGENDO NEC NON DE ELEPHANTIDORUM GENERUM CRANIOLOGIA 

compaRATA. Mém. Acad. Imp. Sci. St. Pétersb., (VII), XIV, No. 

1, pp. 1-87. 
History of the literature on the Dinotheriide and classification of the 

Proboscidea, including especially first use of Mastodontina. 

Brauns, David August 

1881.1 GroLocy or THE Environs or Tox1o. Memoirs of the Science 

Department Tokio Daigaku (University of Tokio), N. 4, Tokio, 

2541 [Japanese year = 1881], pp. v—vii, 1-82, Pls. 1-vut. 
Elephas meridionalis, E. antiquus, 

1883.1 User JAPANISCHE DILUVIALE SAUGETHIERE. Zeitschr. deutsch. 

geol. Ges., XX XV, pp. 1-58, Taf. 1. Berlin. 

La Géographie, 
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[In a review (evidently by Bronn), Neues Jahrb. Min. Geogn. Geol., 1833 
370-372, the name Elephas primordialis occurs; it oan: not ap; he in’ Phe 
original article by Brayley. Bronn, however, in his “Handbuch einer 
Geschichte der Natur,” II, p. 455, attributes this name to Brayley. See 
Tilesius, 1815, p. 470, who attributes it to Blumenbach]. 

Breislak, Scipione 

1820.1 Lenreuch per GeoLocin. 2ter Band, 8vo, Braunschweig, 

703 pp., text fig. 
Elephant molar from Thiede, Thuringia [Kruger’s type of Elephas antiquitatis). 

Breuil, Henri 

1911.1 Les Cavernes bE LA Région CanTAsrique (EspaGNne). Pus- 

LIES SOUS LES AusPIcEs DES.A.S. LE Prince ALBERT I® pp Monaco. 

(With H. Alcalde del Rio and Lorenzo Sierra. Plates and figures 
by Il’ Abbé Breuil.) 

Breuil, Henri, Joseph-Louis Capitan, and D. Peyrony 

1924.1 See Capitan, Joseph-Louis, Henri Breuil, and D. Peyrony. 
Breyne, John Philip 

1741.1 A Lerrer From JoHN Puit, Breyne, M.D. F.R.S. To Sir 

Hans Stoang, Barr. Pres. R. S. wirh OBSERVATIONS, AND A 

DESCRIPTION OF SOME MAmMotn’s BONES DUG UP IN SIBERIA, 

PROVING THEM TO HAVE BELONGED TO ELEPHANTS. Phil. Trans. Roy. 

Soc. London, XL, for the years 1737 and 1738, No. 446, pp. 124-138, 
Pls. 1, u, m1. 

[Pls.1 and 1 are of Messerschmidt’s Siberian skulls of the Mammoth.] 

Briggs, Caleb, Jr. 
1838.1 Report or C. Bricas . . . Mammorn, or Fosstt ELEPHANT. 

Ist Ann. Rept. Geol. Sury. Ohio, pp. 96-98. 
Salt Creek, northwestern part of Jackson County. [See Mather, W. W., 1838.1.] 

1838.2 Bones or THE Mastopon. 2d Ann. Rept. Geol. Surv. Ohio, 
pp. 127-129. 

Britton, Nathaniel Lord 
1885-1886. REMARKS ON FINDING OF MASTODON REMAINS EAST OF THE 

Hupson RIvER; FOLLOWED BY REMARKS BY Pror. D. 8. Martin 

AND Dr. O. P. Hussarp. Trans. New York Acad. Sci., V, pp. 14, 15. 

Brives, Abel 
1919.1 Sur LA DECOUVERTE D'UNE DENT DE DINOTHERIUM DANS LA 

SABLIPRE DU DseBeL Kourr, pres Téipessa. Bull. Soc. Hist. Nat. 

Afrique du Nord, X, May 15, pp. 90-93, text fig. 

Broadhead, Garland Carr 
1881.1 THe Mastopon. Kansas City Rev. Sci. Indust., IV, pp. 519-530. 

Localities in North America. 

Bronn, Heinrich Georg 
1848.1 See von Meyer, Hermann, and Heinrich Robert Géppert. 
1853-1856. Leraana Groanostica. .. . Dritte Auflage, 

bearbeitet von H. G. Bronn anv F. Roemer, UI, 1130 pp. 

Stuttgart. 
Dinotherium, pp. 803-809; Elephas, pp. 809-820; Mastodon, pp. 820-832. 

Broom, Robert 
1928.1 Mammorus AND Man IN THE TRANSVAAL. Nature, CXXI, 

No. 3044, March 3, p. 324. 
Refers to Archidiskodon molars described by Dart (Archidiskodon transvaalen- 

sis, A. sheppardi) and undescribed molars of Archidiskodon (subsequently 

anacribedlty Osborn, Nature, April 28, 1928, pp. 672, 673, as Archidiskodon 

subplanifrons and A. broomi]. See also Osborn, 1934.925. 

Brown, Barnum 
1908.1 THe Conarp Fissure, A PLeisrocene Bone Deposit 1N 

NortHEerN ARKANSAS; wiTH Descriprions oF Two New GENERA 

AND Twenty New Species or Mammats. Mem. Amer. Mus. Nat. 

Hist., IX, Pt. IV, pp. 157-208, Pls. x1v-xxv, text figs. 1-3. 

Comparison of cave fauna, showing absence of the Mammoth and Mastodon 

in the Conard Fissure and presence in Port Kennedy Cave, Pa. 

Brown, C. Emerson 

1984.1 Caprive Pramy Evernants iy America. Journ. Mamm., XV, 

No. 3, August, pp. 248-250. 

Buckland, William 

1828.1 GroLoaicaL Account OF A SERIES OF ANIMAL AND VEGETABLE 

ReMAINs AND oF Rocks, COLLECTED BY J. Crawrurp, Esq. ON A 

VoyYAGE Up THE IRAWADI TO AVA, IN 1826 AND 1827. Trans. Geol. 

Soe. London, (2), IJ, Pt. IL, pp. 377-392, Pl. xxiv. 

1831.1 On THE OCCURRENCE oF THE RemAINS oF ELEPHANTS, AND 

OTHER QUADRUPEDS, IN THE CLIFFS OF FROZEN MUD, IN EscuH- 

SCHOLTZ BAY, WITHIN BEERING’S STRAIT, AND IN OTHER DISTANT 

PARTS OF THE SHORES OF THE AncTic 8EA8. In Beechey’s Narrative 

of a Voyage to the Pacific and Beering’s Strait to co-operate with the 

Polar Expeditions: performed in His Majesty’s Ship Blossom, under 

the command of Captain F. W. Beechey, R.N., F.R.S., ete. in the 

years 1825, 26, 27, 28. Appendix to Vol. II, pp. 331-356, Pls. 1-11. 
1835.1 User pen Bav uNp pie mecHaniscue Krarr pes UNTEeR- 

KIEFERS pes DinorHerrom. Neues Jahrb. Min., pp. 516-518. 

Buckley, Thomas Edward 
1876.1 ON THe Past snp Present GeocraruicaL Disraipvrion 

or THE Larce Mammats or Soura Arnica. Proc. Zool. Soc. 

London, March 7, pp. 277-293. 
Elephas africanus, pp. 279, 280. 

Buffon, Georges Louis Leclerc de 

1778.1 Historre Naturevie, Générare er Parricuuiére. Supple- 
ment, V, Des Epoques de la Nature, pp. viii+-615+xxviii, 6 pls., 

map. 

Figures the tooth from the Ohio River sent to him by Collinson (PL tv) 
also that presented to him by le Comte de Vergennes, found in “la petite 
Tartarie” (Russia), Pls. 1, . Plate ut represents s smaller molar 
reported from Siberia by l'Abbé Chappe. 

1784.1 L’epocue pEeLLA NATURA, II, Venezia. 

p. 6; original not available.) 

Burmeister, Hermann 
1837.1 Hanpsucn per Naturcescuicute. Abth. I and II, Berlin. 

(Original not available.) 
New genus: Gomphotherium, p. 795 (fide Palmer, letter, Oct. 20, 1920). 

1861.1 GescuicuTe DER ScuiprunG, (Fide Weinsheimer, 1883, p. 11; 
original not available.) 

Regards Dinotherium as an herbivorous sea monster. 

(Fide Vacek, 1877, 

1866.1 Lista pe Los Mamireros Fosites pet Texreno Ditvviano. 

An. Mus. Pdbl. Buenos Aires, I (1864-1869), pp. 121-300, LAém. 

v~xiv: Actas Soc. Paleont. Buenos Aires. 
Mastodon humboldtii [= Cuvieronius supertus), p. 288. 

1879.1 Description Puysique pe LA Rérusiiqve Axcentine, III, 

8vo, Buenos Aires, pp. vi 4-555. 
Mastodon humboldtii and Mastodon antium, pp. 522, 523, 

1888.1 Bericut tper Mastopon Antium. Sitz.-Ber. Akad. Wiss. 

Berlin, pp. 717-729. 

1889.1 Los CaBaLLos FéstLes pe LA Pampa ArnGentina. Suplemento, 

pp. v, vi, 1-65, Lam. rx-xu1._ Folio, Buenos Aires. 

Burnett, Gilbert Thomas 

1829.1 ILLUSTRATIONS OF THE QUADRUPEDA, OR QUADRUPEDS, BEING 

THE ARRANGEMENT OF THE TRUE FOUR-FOOTED BEASTS INDICATED IN 

ouTLINE. Quart. Journ. Sci., London, July to December, pp. 

336-353. 
Mammuthus borealis (Fossil Mammoth), p. 352. 

Busk, George 

1867.1 Descriprion oF THE REMAINS OF THREE EXTINCT SrEcrEs OF 

ELEPHANT, COLLECTED BY Capt. Spratt, C.B., R.N., iy THE Osst- 

perous CAVERN OF ZEBBUG, IN THE ISLAND OF MALTA . . . PARTLY 

FROM THE Nores oF THE LATE H. Favconer, M.D., F.R.S. Trans. 

Zool. Soc. London, VI, Pt. V, pp. 227-306, Pls. xu1v—Lin. 

New species: Elephas falconeri |= Palaoloredon (Pilgrimia) faleoneri|. 

1868.1 See Adams, Andrew Leith. 

Buwalda, John Peter 

1914.1 A PrososcipEaNn Toorn Prom THE Trucker Beps or Western 

Nevapa. Bull. Dept. Geol. Univ. Calif., VIII, No. 16, pp. 305-308, 

fig. 1. Issued Dec, 22, 1914. 

[Fragment of a bunomastodont lower molar.) 

Cabrera, Angel 

1927.1 SosRE EL ORIGEN Y SIGNIFICACION DEL ENTRECRUZAMIENTO DE 

LAS DEFENSAS EN ALGUNOS ELEFANTES. Bol. Soc. espafi. hist. nat., 

XXVIL, pp. 441-449, text figs. 1,2. Madrid. 

Two views of Indian elephant showing crossing of tusks. 



768 

Cabrera, Angel—Continued 

1929.1 Una Revisi6Nn DE Los MastoponTESs ARGENTINOS. 

La Plata, XXXII, pp. 61-144, Lim. 1, 01, text figs. 1-35. 

New family: Gomphotheriide. New subfamily classification: Rhyncho- 
theriine (=Rhynchorostrine of Osborn); Gomphotheriine ( =“ Tetra- 
lophodonts"’ and “Serridentines’’ of Osborn); Cuvieroniins (=Noto- 
rostrine, in part, of Osborn); Anancinw (=Notorostrine, in part, and 
Brevirostrine, of Osborn). Abandonment of specific name humboldtit. 
Reference of M. platensis and M. superbus to Stegomastodon. New genus; 
Notiomastodon. New species: Notiomastodon ornatus. 

Cacciamali, G. B. 
1890.1 Gui ELEFANTI FossILI DI VAL pi Comino. Boll. Soc. Geol. ital., 

IX, pp. 46-49, text figs. 1, 2. Rome. 
Elephas antiquus and E. primigenius. 

1890.2 GLI ELEFANTI FOSSILI DI AQUINO. 

pp. 423, 424, text figs. 1,2. Rome. 
Elephas antiquus and E. meridionalis. 

Calvin, Samuel 

1909.1 Arronran Mammaian Fauna. Bull. Geol. Soc. Amer., XX, pp. 

341-356, Pls. xvi—xxvil. 
Elephas imperator, E. columbi, Mastodon mirificus [Pl. xxvu, type molar of 

Stegomastodon aftoniz Osborn], Mammut americanum. 

Rev. Mus. 

Boll. Soc. Geol. ital., IX, 

1911.1 Arronran Mammauian Fauna II. Bull. Geol. Soc. Amer., 

XXII, pp. 207-216, Pls. xvui—xx1v. 
Elephas columbi most common of the Aftonian elephants; Elephas indianapolis = 

Elephas mississippiensis: Mastodon americanus. [nea figure of Hay's 
type of Mastodon progenium, Pls. xx, xx1, figured by Calvin as Mastodon 
americanus.} 

Camper, Peter 
1788 [1787] CompLEMENTA VARIA ACADEMIAE IMPERIALIS SCIENTIARUM 

PETROPOLITANAE COMMUNICANDA, AD CuaR. AC CELEB. PALLAs. 
Nova Acta Acad. Sci. Imp. Petropol., II, for the year 1784, pp. 250—- 

264. 
Genus: Mammonteum [ =Mammonteus], p. 251. 

1803.1 Description ANATOMIQUE D’UN ELEPHANT MALE, pp. xii+ 108. 

Atlas. 
Notes of Peter Camper, 1722-1789, published by his son Adrian Gilles Cam- 

per in 1802; text not available to the present author. Atlas of 1803, 
with 21 plates, in the American Museum General Library. 

New species: ELlephas macrocephalus [fide Sherborn, 1928.1, p. 3760). 

Caneto, l’Abbé 
1837.1 DissERTATION sUR LE DinotHEeRIuM. Ann. Phil. Chrétienne 

(Nouvelle Série), XIV, No. 84, pp. 408-419, 1 pl. 
Molar of Dinotherium discovered by Curé de Labastide in Gers and deposited in 

the Séminaire d’Auch, p. 410. 

Cantamessa, Filippo 

1891.1 It MastroponTeE pi CinaGtio p’ ASTI ED 1L MASTODON ARVERNEN- 

sis (Cro. et Jop.); OsTroGRAFIA ED OssERVAZIONI. Mem. Accad. 

Sci. Torino, (2), XLI, pp. 339-379. 

Capellini, Giovanni 

1888.1 Sor restr pI MAsTODON ARVERNENSIS RECENTEMENTE SCOPERTI 

A SPOLETO, PoNTREMOLI E Castrocaro. Mem. Accad. Sci. Bologna, 

(4), TX, pp. 1-10, Tav. 1, 11. 

1893.1 Resti pt MastopONTI NEI DEPOSITI MARINI PLIOCENICI DELLA 

PROVINCIA DI Botoana. Mem. Accad. Sci. Bologna, (5), III, pp. 

163-170, Tav. 
Mastodon arvernensis. 

1907-1908 MastoponTI DEL MUSEO GEOLOGICO DI BoLoaNna. Mem. 

Accad. Sci. Bologna, I, (6), IV, pp. 127-145; II, (6), V, pp. 29-39, 
Tav. I, IL. 

Mastodon arvernensis. 

Capitan, Joseph-Louis, Henri Breuil, and D. Peyrony 

1924.1 Les CompareLtEs aux Eyzins (Dorpoane). Inst. 

Humaine, Masson et Cie, Paris, 189 pp., 58 pls., 127 text figs. 
Palolithic representations of the Mammoth on walls of cavern. 

Carette, Eduardo 

1919.1 Los Proposcipros Fésines ArGENTINos. Primera Reunidén 

Nacional de la Sociedad Argentina de Ciencias Naturales, Tucumdn, 

pp. 166-180, Lam. x1, xm. 
Phylogeny. Type figure of Moreno’s Mastodon bonaerensis. 

Carles, Enrico de 

1888.1 Norictas sopre UN viAsE A TARIJA (BottvrA). Bol. Inst. geog. 

Argentina, IX, pp. 35-40. 

Pal. 

OSBORN: THE PROBOSCIDEA 

Carus, Julius Victor, and Carl Eduard Adolph Gerstaecker 

1868.1 Hanpsucn per Zoouoars. 1, Leipzig. (Fide Weinsheimer, 

1883, p. 12; Brandt, 1869, p. 7.) 
See p. 140 for remarks on Dinotherium. 

Case, Ermine Cowles, and George M. Stanley 

1935.1 Tue Buoomrietp Mastopon. Bull. Cranbrook Inst. Sci., No. 

4, October, pp. 1-8, text figs. 1, 2, Pls. r-1, frontispiece. 

Castellanos, Alfredo 
1921.1 La PresenciA DEL Homsre Féstu EN EL PampEANO MeEpIo 

DEL VALLE DE Los ReARTES (SIHRRA DE CorposA). Bol. Acad. 

Cien. Cérdoba (Republica Argentina), XXV, pp. 369-382, Lam. 1- 

vil. 
See especially Lam. vir and vr, thought to be the tip of an incisor, artificially 

carved, of Mastodon [=Cuvieronius superbus]. 

1934.1 Ex Hompre PREHISTORICO EN LA PROVINCIA DE CoRDOBA 

(ArGENTINA), Rev. Soc. ‘Amigos de la Arqueologia,” VII, pp. 1-88, 

text figs. 1-23. 
Figure of incisive tusk, artificially carved, of Cuvieronius hyodon [=?Notio- 

mastodon ornatus]. 

Castelnau, Francis de 

1855.1 See Gervais, Frangois Louis Paul. 

Caterini, Francesco 
1923.1 CaTALoGo DEI PROBOSCIDIANI PLIOCENIC] E QUATERNARI CON- 

SERVATI NEL Museo pi GEOLOGIA DELL’UNIVERSITA DiI Pisa. Atti 

Soc. Toscana Sci. Nat., XX XV, pp. 195-210, text fig. Pisa. 
Mastodon arvernensis, Elephas_ planifrons, E. meridionalis, E. ausonius, E. 

antiquus, E. primigenius, E. melitensis. 

Cautley, Proby Thomas 

1834.1 Discovery or AN ANCIENT TOWN NEAR BeEHUvT, IN THE DoAs. 

Journ. Asiat. Soc. Bengal, III, January to December, pp. 43, 44. 
On p. 527 is a letter from Capt. Cautley, giving additional particulars of the 

fossil bone deposit in the Sew4lik hills (which apparently did not yield 
mammalian fossils near Behut, but in the Nahun deposits near Samrota, 
valley of the Pinjore). 

1836.1 Nore on THE TEETH OF THE MASTODON A DENTS ETROITES OF THE 

SrwAurk Hits. Journ. Asiat. Soc. Bengal, V, May, pp. 294-296, 

1) Sat 
New species: Mastodon Sivalensis. 

1836.2 Norr on Mastopons oF THE SEWALIKS. 

Bengal, V, December, pp. 768-770, Pl. xu. 
The editor adds in a postscript to this article that ‘A very perfect head of a 

horse has also just been extracted by the Sewalik working parties, from the 
hard sandstone.” 

1845-1847 See Falconer, Hugh, and Proby Thomas Cautley. 

Champion, Frederick Waller 
1928.1 Witp Exepnants IN THE Unirep Provinces. Journ. Bom- 

bay Nat. Hist. Soc., XXXII, Pt. I, Aug. 1, 1927, pp. 127-132, 

4 pls. Madras. 
Chaney, Ralph Works 

1935.1 Tue Kucna Fiora in RELATION TO THE PHysicaL ConpI- 

TIONS IN CENTRAL ASIA DURING THE LATE TerTIARY. Hyllnings- 
skrift tillagnad Sven Hedin p& hans 70-Arsdag. 8vo, Stockholm, 
pp. 75-105, 3 pls., 11 text figs. 

Chantre, Ernest 
See Lortet, Louis, and Ernest Chantre for 1872 [1876] and 1879. 

Chapman, James 

1868.1 TRAVELS IN THE INTERIOR OF SouTH AFRICA. 

I, pp. xvit+454; II, pp. xii+480. 
Cheney, Theseus Apoleon 

1872.1 Tue CxHantavaua [Cuaurauqua] Masropon. Amer. Natural- 

ist, VI, pp. 178, 179. 

Christy, Henry 

1875.1 See Lartet, Edouard, and Henry Christy. 

Chubb, Ernest Charles 
1909.1 THe Mammats or MatTaBrLELAND. 

I, No. VII, Feb. 2, pp. 113-125. 
Elephas africanus Blum. on page 125. 

1919.1 A Sourn Arrican ELerHantT FRoM THE Appo Busu. Annals 

Durban Museum, II, Pt. III, March 31, pp. 126-128, Pls. xx1, xxu. 

Claridge, W. Walton 
1915.1 A Hisrory or THe Goup Coast AND ASHANTI. 

I, pp. xxxiv-+649; II, pp. xv-+638. 

Journ. Asiat. Soc. 

8vo, London, 

Proe. Zool. Soc. London, 

8vo, London, 



BIBLIOGRAPHY 769 

Clark, William Bullock, Arthur Hollick, and Frederic Augustus Lucas 
1906.1 THe INTERPRETATION OF THE PALAEONTOLOGICAL CRITERIA. 

Pliocene and Pleistocene Rept., Maryland Geol. Survy., December, 
pp. 1389-152, Pls. xxxm,xxxm. ‘‘The Elephants of the Pleistocene” 
by Frederic Augustus Lucas, pp. 149-152. 

The name “Mamatu"’ used by the natives of Siberia for the Mammoth, 
according to Lucas. 

Clark, William Bullock, George Burbank Shattuck, and William 
Healey Dall 

1904.1 THe Miocene Deposits or Maryiann. Maryland Geol. 
Surv., Miocene, pp. xxiii-clv, Pls. 1-1x. 

See pray {coment by Pana “Geological and Paleontological Rela- 
tions, with a Review of Earlier Investigations,’ pp. xl and lxxviii, regard- 

the Choptank formation ['M.’ obscurus?]. ing 

Clarke, John Mason 

1903.1 DistripuTion or Masropon Remains In New York. Science, 
N.S., XVII, No. 425, Feb. 20, p. 297. 

1908.2 Mastopons or New York. A List or Discoveries oF THEIR 

Remains 1705-1902. Rept. State Palwontologist, 1902, N. Y. State 
Mus., Bull. 69, pp. 921-933, Pls. 1, 11, map. 

Claudius, Matthias 
1865.1 Das GrHORLABYRINTH VON DINOTHERIUM GIGANTEUM NEBST 

BEMERKUNGEN UBER DEN WERTH DER LABYRINTHFORMEN FUR DIE 

SYSTEMATIK DER SAUGETHIERE. Palaeontogr., XIII, pp. 65-74, 
Mai ieotoxs 

Clift, William 

1828.1 ON THE Fossi, Remains oF TWO NEw Species oF Masropon, 

AND OF OTHER VERTEBRATED ANIMALS, FOUND ON THE LEFT BANK 
oF THE IRAWApI. ‘Trans. Geol. Soc. London, (2). II, Pt. III, pp. 

369-375, Pls. XxxXVI-XLI. 
New species: Mastodon latidens, M. elephantoides. 

Colbert, Edwin Harris 
1935.1 Srwatik Mammats in Toe AmeriIcAN Museum or NATURAL 

History. Trans. Amer. Phil. Soc., N. 8., XXVI, October, pp. i-x, 
1-401, text figs. 1-198, 1 infolding map. 

Proboscidea listed, p. 32; remarks, p. 129. 
Nomina nuda (Osborn, ex MS.): Trilophodon hasnotensis and Anancus properi- 

mensis, p. 32; Pentalophodon falconeri, p. 33 

Colbert, Edwin Harris, and Henry Fairfield Osborn 

1931.1 See Osborn, Henry Fairfield, 1931.858. 

Collett, John 
1882.1 Recent Extinction or THE Mastopon. Amer. Naturalist, 

XVI, January, pp. 74, 75. 

Collinson, Peter 
1768.1 AN ACCOUNT OF SOME VERY LARGE Fossi, TEETH, FOUND IN 

NorrH AMERICA, AND DESCRIBED BY Peter Co.uinson, F.R.S. 

Phil. Trans. Roy. Soc. London, LVII, Pt. I, for the year 1767, 

pp. 464-467. Sequel to the foregoing, pp. 468, 469, Tab. xx1, 

XXII. 
Teeth and bones sent over by George Croghan, Esq., Feb. 7. 1767, from Phila- 

delphia, to Lord Shelburne and to Dr. Benjamin Franklin. 

Cook, Harold James 
1909.1 A New ProposcipEAN FROM THE LOWER MIOCENE OF NEBRASKA, 

Amer. Journ. Sci., XXVIII, August, pp. 183, 184, text fig. 
New species: Gomphotherium conodon |= Dinohyus petersoni Holland]. 

1914.1 Nore on THE OccuRRENCE oF THE Mamoru IN Stoux Counry, 
Nepraska. Neb. Geol. Surv., VII, Pt. 8, Bull. 50, pp. 47, 48. PI. 1. 

Elephas ? columbi. 

1922.1 Two New Bunomasroponts From Cotorapo, Proe. Colo. 

Mus. Nat. Hist., IV, No. 1, Feb. 15, pp. 1-15, text figs. 1-6. 

New species: Trilophodon hicksi, T’. paladentatus [both referred to Amebelodon), 

1928.1 A New Lonorrostrine Eveenant FROM NEBRASKA, TRILO- 

PHODON PHIPPsI, Sp. Nov. Proc. Colo. Mus. Nat. Hist., VIII, No. 

4, May 1, pp. 37-43, Pls. ra. 

1928.2 Nore on AN INTERESTING JuveNILE Lower Jaw or Everuas 

CF. JEFFERSON. Proc. Colo. Mus. Nat. Hist., VIII, No. 5, May 2, 

pp. 44, 45, text fig. 

1930.1 Occurrence or Mammorsn aNp GIANT Bison tN GLACIAL 

MoralNEs IN THE HtGH Mountains or Cotorapo. Science, N.S., 

LXXII, No. 1855, July 18, p. 68. 
Found near Tripler camp, twelve miles up from Cerro. 

Cook, Harold James, and Oliver Perry Hay 

1928.1, 1930.1 See Hay, Oliver Perry, and Harold James Cook. 

Cook, Harold James, and William Diller Matthew 
1909.1 See Matthew, Wilham Diller, and Harold James Cook. 

Cooke, Charles Wythe, and Stuart Mossom 

1929.1 GeroLocy or FLoripa. Ann. Rept. Fla. State Geol. Surv., XX, 

pp. 29-227. 

Cooper, Clive Forster 

1916.1 New Genera AND Species oF MAMMALS FROM THE MioceENE 

Deposits or BaLucnistaN. PRELIMINARY Notice. Ann. Mag. 

Nat. Hist., (8), XVI, November, pp. 404-410, text figs. 1-5. 
Comments on Hemimastodon and Tetrabelodon |=Trilophedon| anguatidens 

palxzindicus, and makes comparison with Palzomastodon. 

1922.1 Miocene Prososcipia From Batucuistan. Proc. Zool. Soc. 

London, October, pp. 609-626, Pls. 1-1v, text figs. 1-12. 

1924.1 On THE SkvuLt ano Dentimon OF PARACERATHERIUM BUG- 

TIENSE: A GENUS OF ABERRANT RHINOCEROSES FROM THE LowER 

Miocene Deposits or Dexa Buoti. Phil. Trans. Roy. Soc. Lon- 

don, CCXII, B, pp. 369-394, text figs. 1-19. (Published Feb. 4.) 
Shows bone bed at Chur-Lando. 

1924.2 On Remarns or Extincr Proposcipea IN THE Museums or 

GeoLocy AND ZooLocy 1n THE University or Campripae. Pt, 

I. Evepnas antiquus. Proc. Cambridge Phil. Soc. (Biol. Sci.), 

I, No. 2, April, pp. 108-120, Pls. vi-—x, text figs. 1-6. 

Cooper, Clive Forster, and Charles William Andrews 
1928.1 See Andrews, Charles William, and Clive Forster Cooper. 

Cooper, William 

1824.1 Account or THE Discovery OF A SKELETON OF THE MasTopon 

GIGANTEUM. Extracted from a Report made to the Lyceum of 

Natural History by Messrs. DeKay, Van Rensselaer, and Cooper. 
Read May 10, 1824. Ann. Lyc. Nat. Hist. New York, I, Pt. I, pp 
143-147. 

1831.1 Notices or Bia-sone Lick. Month. Amer. Journ. Geol., 

I, No. 4, October, pp. 158-174, 205, 217. Philadelphia. 

Includes the various explorations made there, the animals to which the remains 
belong, and the quantity that has been found of each, with a particular 
account of the great collection of bones discovered in September, 1830. 

Cooper, William, J. A. Smith, and James Ellsworth DeKay 
1831.1 Report or Messrs. Cooper, J. A. Suita, ann DeKay, To Tue 

Lyceum or Naturat History, ON A COLLECTION OF FOSSLL BONES, 

DISINTERRED AT Bic Bone Lick, Kentucky, tn Serremper, 1830, 
AND RECENTLY BRoUGHT TO New York. Amer. Journ. Sei., XX, 

No. 2, July, pp. 370-372. 

Cope, Edward Drinker 
1868.1 Synopsis or THE Extincr Mamaia or New Jersey. 

Geology of New Jersey. George H. Cook, State Geologist, 1868, 
Appendix C, pp. 739-742. 

Trilophodon ohioticus. 

1871.1 Cave Mamas in PennsyLvanra. Amer. Naturalist, V, p. 58. 
Abstract. Finding of bones in Port Kennedy cave. Trilophodon ohiotious, 

1871.2 Tue Port Kennepy Bone Cavern. Proc. Amer. Phil. Soc., 

XII, pp. 15, 16. 
T. ohioticus. 

1871.3 Previminary Report ON THE VERTEBRATA DISCOVERED IN THE 

Port Kennepy Bone Cave. Proc. Amer. Phil. Soc., XII, pp. 73- 
102, text figs. 1-20. 

M. americanus. 

1872.1 Remarks on Masrovon From New Mexico. Proc. Acad. Nat. 

Sci. Phila., XXIV, Sept. 3, p. 142. 
Mastodon obscurus, M. sheppardi. 

1878.1 Synopsis or New VERTEBRATA FROM THE TERTIARY OF 

CoLORADO OBTAINED DURING THE SUMMER OF 1873. Government 

Printing Office, Washington, Oct. 16, pp. 1-19. 

New species: Mastodon proarus. 

1874.1 Rerort on THe Vertesrate Pateontotocy or CoLorapo. 

7th Ann. Rept. U. 8. Geol. and Geogr. Survey of the Territories (em- 

bracing Colorado) {for 1873, F. V. Hayden, U. 8. Geologist}, pp. 427- 

533, Pls. 1-vin. 
M. proarus, pp. 531, 532 expecially. 



770 OSBORN: THE 

Cope, Edward Drinker—Continued 

1874.2 ON tHe HomoLoains AND ORIGIN OF THE TypEs or MoLar 

Treere or Mamaia EpucasiuiA. Journ. Acad. Nat. Sci. Phila., 

(2), VIII, pp. 71-89, text figs. 1-29. 

1875.1 On a New Mastopon anp Ropent. Proc. Acad. Nat. Sci. 

Phila., XX VI, 1874, issued Feb. 2, 1875, pp. 221-223. 
New species: Mastodon productus. : 
Abstract “A New Mastodon,” Amer. Naturalist, IX, 1875, p. 56. 

1875.2 SyNopsis oF THE VERTEBRATA WHOSE REMAINS HAVE BEEN 

PRESERVED IN THE FoRMATIONS OF NortH Caroutna. Rept. Geol. 

Surv., No. Carolina, W. C. Kerr, State Geologist, Appendix B, pp. 

29-52, Pls. v—viit. 

Occurrence of Mastodon americanus, also of M. obscurus [=Trilophodon 

obscurus]. 

1875.3 Report oN THE GEOLOGY OF THAT Part or NORTHWESTERN 

New Mexico EXAMINED DURING THE FIELD SEASON or 1874. Ann. 

Report upon the Geogr. Explorations and Surveys West of the 100th 

Meridian . . . (Wheeler). Being Appendix LL of the Annual 

Report, Chief of Engineers for 1875, pp. 961-1097, Pls. 11, v, VI, 

text figs. 1-18. When Appendix LL, etc., was issued as a separate the 

pagination was 61-116. S8vo, Washington. 

Mastodon productus, etc. 

1877.1 Report upon THE Extinct VERTEBRATA OBTAINED IN NEW 

Mexico spy Parties OF THE EXPEDITION or 1874. Report, U. 8. 

Geogr. Surveys West of the 100th Meridian (Wheeler), IV, Pt. I, 

pp. xii +370, Pls. xxu-Lxxxm. 4to, Washington. 
M. productus, pp. 306-316 especially, and type figure, Pl. Luxx. 

1877.2 On a New Progoscipean. Proc. Amer. Phil. Soc., XVI, March 

19, pp. 584, 585. Also, Pal. Bull. No. 24, pp. 584, 585. 
Cznobasileus tremontigerus, based on an artifact; both genus and species with- 

drawn by Cope in Amer. Naturalist, XXIII, p. 207. 

1878.1 Descriptions or New VERTEBRATA FROM THE UPPER TERTIARY 

FORMATIONS OF THE West. Proc. Amer. Phil. Soc.. XVII, 1877, 

issued Jan. 12, 1878, pp. 219-231. Also, Pal. Bull. No. 28, pp. 219- 

231. 
New species: Tetralophodon campester. 
Abstract, ‘‘A New Mastodon,” Amer. Naturalist, XII, Jan. 31, 1878, p. 128. 

1879.1 Tue Revations oF THE Horizons or Extinct VERTEBRATA 

or Evrorr AND Nortu America. Bull. U. S. Geol. and Geogr. 

Survey of the Territories, V, No. 1, pp. 33-54. 
Tetralophodon found in Loup Fork (America), Dinotherium in Falunian 

(Europe); Elephas primigenius in Equus beds (America), Astian (Europe) ; 
Mastodon sp. in Megalonyx beds (America), Plaisancian (Europe). 

1880.1 Priocenr Man. [Remarks on fossil Vertebrates from California, 

Elotherium, Mastodon obscuwrus—Hay]. Amer. Naturalist, XIV, pp. 

60-62. 

1880.2 Hivi’s Kansas Exrepirions. Amer. Naturalist, XIV, pp. 141, 
142. (Unsigned.) 

1880.3 On THE FoORAMINA PERFORATING THE PosTERIOR PART OF THE 

SquamosaL Bone or THE MaAmmattiA. Proc. Amer. Phil. Soc., 

XVIII, pp. 452-461, text figs. 1-6. 
Elephas; no foramina, p. 457. 

1881.1 Recent Extinction oF THE Mastropon. Amer. Naturalist, 

XVI, 1882, pp. 74,75. (Unsigned. Cited by Hay.) 
Refers to Prof. John Collett’s ‘‘Geological Report of Indiana for 1880." 
Preservation of bones, fat, and stomach-contents in two Illinois skeletons. 

1882.1 Tue CuiassiricATION OF THE UNGuLATE Mammatta. Proc. 

Amer. Phil. Soc., XX, pp. 438-447, text figs. 1-10. Also, Pal. Bull. 

No. 35, pp. 488-447. 

1883.1 [ConrEemMporANEITY OF MAN AND PiioceENE Mammats.] Proc. 

Acad. Nat. Sci. Phila., XXXIV, 1882, pp. 291, 292. 
Elephas primigenius and a species of Equus are listed. 

1884.1 Tur Mastopons or Norta America. Amer. Naturalist, 

XVIII, pp. 524-526. 
New species: Mastodon serridens, M. euhypodon. 

1884.2 Tue Wxtincr MAmMatia or THE VALLEY oF Mexico. Proc. 

Amer. Phil. Soc., XXII, pp. 1-21. Also, Pal. Bull. No. 39, pp. 1-21. 
New genera: Dibelodon, Tetrabelodon. New species: Dibelodon tropicus. 

1886.1 Tue VerTesRATE FAUNA oF THE TicHOLEPTUS BEDs. Amer. 

Naturalist, XX, Mar. 23, pp. 367-369. 
Mastodon proavus. 

PROBOSCIDEA 

1886.2 Tue OrrGIN oF THE Firrest. 8vo, D. Appleton and Co., New 

York, pp. xix+467, 18 pls., 81 text figs. 

1888.1 Crnozorc Reatm. Amer. Geologist, II, pp. 285-299. 
Correlation. 

1889.1 Tur VERTEBRATE FAUNA OF THE Equus Beps. Amer. Naturalist, 
XXIII, No. 266, February, pp. 160-165. 

Elephas primigenius and Dibelodon shepardi. 

1889.2 Tur Proposcipi1a. Amer. Naturalist, XXIII, No. 268, April, 

pp. 191-211, Pls. rx--xv1, text figs. 1-9. 
New genus: Emmenodon, p. 194. New species: Tetrabelodon brevidens, pp. 195, 

201. New subspecies: Elephas primigenius columbi, E. primigenius 
americanus, pp. 207, 209. Type figures of Tetrabelodon brevidens, T. 
euhypodon, T. angustidens proavus, T. serridens, and T. campester. 

1889.3 Tue MrecHANICcAL CAUSES OF THE DEVELOPMENT OF THE HARD 

Parts or THE Mammauia. Journ. Morph., III, pp. 137-290, Pls. 

IX—XVI, text figs 1-93. Philadelphia. 

1890.1 Pontia on Etepuas antiqguus. Amer. Naturalist. XXIII, 
1889, No. 272, August, pp. 712, 713. 

1890.2 Synopsis oF THE FAMILIES OF VERTEBRATA. Amer. Naturalist, 
XXIII, 1889, No. 274, October, pp. 849-877. 

Proboscidea, pp. 875, 877. 

1890.3. THe Stnver LAKr or OREGON AND ITs Reeton. Amer. Natural- 

ist, XXIII, 1889, No. 275, November, pp. 970-982, Pls. xu, x11, 

text fig. 1. 
Elephas primigenius equals Elephas columbi—W. D. Matthew. 

1892.1 VerTeBRATE Fauna or THE ALACHUA Crays, FLtoripa. Bull. 

U.S. Geol. Surv., No. 84, 1891, Correlation Papers, Neocene, p. 130. 
Mastodon floridanus. 

1892.2 Tue Ace or THE STAKED Puains OF Texas. Amer. Naturalist, 

XXVI, pp. 49, 50. 
The association of Equus and Mastodon of angustidens type not observed 

previously on this continent; the latter ceased with the Loup Fork. 

1892.3 A CoNnTRIBUTION TO THE VERTEBRATE PALEONTOLOGY OF 

Texas. Proc. Amer. Phil. Soc., XXX, pp. 123-131, text fig. 1. 

Reprint, ‘‘Report on the Palaeontology of the Vertebrata,” 3d 
Ann. Rept. Geol. Surv. Texas, 1891, pp. 251-259. 

1892.4 A ContTriBuTION TO A KNOWLEDGE OF THE F'AUNA OF THE 

Bianco Beps or Texas. Proc. Acad. Nat. Sci. Phila., XLIV, pp. 

226-229. 

New species: Mastodon successor, p. 227. 

1892.5 Tue Fauna or THE Buanco Epocu. Amer. Naturalist, X XVI, 

pp. 1058, 1059. 
New species: Dibelodon precursor [name only]. Mentions D. humboldtii, 

D, tropicus. 

1893.1 A Preiimmnary Report ON THE VERTEBRATE PALEONTOLOGY 

or THE Luano Estacapo. 4th Ann. Rept. Geol. Surv. Texas, for 

the year 1892, pp. 1-87, Pls. 1-xx111. 
New species: 7’. serridens cimarronis, p. 20, and Mastodon oligobunis, p. 59. 

Tetrabelodon shepardii; Mastodon successor figured as Dibelodon tropicus; 
the specific name successor withdrawn by Cope, p.63; Dibelodon precursor, 
description, p. 64, and figure. 

Abstract, ‘The Vertebrate Paleontology of the Llano Estacado.’’ Amer. 
Naturalist, XX VII, 1893, pp. 811, 812. 

1893.2 Description oF THE LOWER JAW OF TETRABELODON SHEPARDII 

Lempy. Proc. Acad. Nat. Sci. Phila., XLV, pp. 202-204. 
Abstract, accleey and Paleontology, Cenozoic,’ Amer. Naturalist, XX VII, 

p. 473, exile 

1894.1 OxnseRVATIONS ON THE GEoLoGy or ADJACENT PARTS OF OK- 

LAHOMA AND Nortuwest Texas. Proc. Acad. Nat. Sci. Phila., 

XLVI, pp. 63-68. 
Elephas primigenius, from near Hennessy, Okla., p. 68. 

1894.2 Extincr Bovipm, Canip# AND FELID# FROM THE PLEISTO- 

CENE OF THE Puains. Journ. Acad. Nat. Sci. Phila., (2), LX, pp. 

453-459, Pls. xxi, xxi. 
The Mammoth (E£. primigenius) associated with Dinobastis Cope. 

Cope, Edward Drinker, and William Diller Matthew 

1915.1 See Matthew, William Diller, and Edward Drinker Cope. 

Corse, John 
1799.1 OBSERVATIONS ON THE DIFFERENT Species or Asratic ELE- 

PHANTS, AND THEIR Mopr or Dentition. Phil. Trans. Roy. Soe. 
London, LXXXIX, Pt. II, Art. XIII, pp. 205-236, Pl. v-xu. 

Mooknah and dauntelah varieties of Indian elephant. 



| 

BIBLIOGRAPHY 771 

Cossmann, Maurice 
1896.1 Essais p—E PaLfoconcnoLoaiz Comparhe. 

son, December, pp. 2, 3. 
Definition of Plesiotype, Neotype. 

Deuxiéme Livrai- 

1904.1 Wuar Is a Type IN History NATURAL, BY Cu. ScHUCHERT. 

Revue Critique de Paléozoologie, Ann. 8, No. 2, April, pp. 73, 74. 

Costa, Oronzio Gabriele 
1850.1 PALEONTOLOGIA DEL ReGno pi Napoui. Atti Acead. Pontaniana, 

V, Pt. I, pp. 233-433, Tav. r-xv. Napoli. 
New genus: Synodontherium, p. 271, Tay. III. 

1864.1 INTORNO ALLE OSSA DI MAMMIFERI FOSSIL! TROVATE PRESSO 

Cassino. Rend. Accad. Sci., III, March, pp. 61,62. Napoli. 
1864.2 RELAZIONE INTORNO AGLI OSSAMI FOSSILI DI CASSINO E DELLA 

Metra. Rend. Accad. Sci., III, June, pp. 155-161. Napoli. 

Cotter, G. de P., and Guy Ellcock Pilgrim 
1916.1 See Pilgrim, Guy Ellcock, and G. de P. Cotter. 

Cottle, Thomas 
1852.1 Fossm, PacHyDERMATA IN CANADA. Ann. Mag. Nat. Hist., (2), 

X, pp. 395, 396. 
Elephas primigenius, Burlington Heights, near head of Lake Ontario. 

Coues, Elliott, and Theodore Gill 
1877.1 See Gill, Theodore, and Elliott Coues. 

Couper, James Hamilton 
1843.1 [LeTTER REGARDING FOSSIL BONES FOUND IN Georata.| Proc. 

Acad. Nat. Sci. Phila., I, pp. 216, 217. 
Mastodon. 

1843.2 On Fossit Bones rouNp IN DicGinc THE New Brunswick 

Canat in Georaia. Proc. Geol. Soc. London, IV, pp. 33, 34. 
Cox, Percy Zachariah 

1900.1 Nores on Somarimanp. Journ. Boinbay Nat. Hist. Soc., 
XIII, Pt. I, April 15, pp. 86-99. Madras. 

“The African Elephant" on pages 92, 93. 

Cragin, Francis Whittemore 
1896.1 Previanary Notice or THree Lare NeoceNngé TERRANES OF 

Kansas. Colorado Coll. Stud., VI, pp. 53, 54. 
Elephas imperator (?). 

Croizet, l’Abbé Jean Baptiste, and Antoine Claude Gabriel Jobert 

1828.1 RecHeRCHES SUR LES OSSEMENS FossiLes pu DfipaRTeMENT 

pu Puy-pE-Dém», 224 pp., 9 geologic sections, 46 pls., 1 chart. 
New species: Mastodon arvernensis, p. 138. 

Crook, A. R. 
1927.1 ExepHas primiGENIUS Boreus Hay at Gotconpa, ILLINoIs. 

Trans. Illinois State Acad. Sci., XIX, pp. 288-299, text figs. 1-13. 

Culver, Harold Eugene 
1927.1 Masropon Remains IN WASHINGTON. 

No. 1718, Dec. 2, pp. 540, 541. 
Found about four miles northeast of Blyn, Clallam Co. 

Cuvier, Frédéric, and Etienne Geoffroy Saint-Hilaire 
1824-1829 Hisrorre NATURELLE DES MAMMIFRRES, AVEC DES FIGURES 

ORIGINALES, DESSINEES D’APRES DES ANIMALS VIVANS ETc., III, 

Livr. LI, LII, 1825, Elephant d’Afrique, 2 pp., 1 pl.; Elephant 

d’ Asie, 9 pp., 2 pls. 
New genus: Loxodonte, ‘Elephant d'Afrique,’ November, 1825, p. 2. 

‘An unsigned review of this work appea: in the Zool. Journ. London, 1827, 

1828, III, p. 140, noticing the “dismemberment of the genus Blephas, for 

the purpose of establishing a new one under the name of Loxoponta.” 

Cuvier, Georges Leopold Chrétien Fredéric Dagobert 

1796.1 Mémoire suR LES ESPECES D’'ELHPHANS TANT VIVANTES QUE 

Fossites, Lu A LA SEANCE PUBLIQUE DE L’ INSTITUT NATIONAL LE 15 

GERMINAL AN IV [21 Marcu To 19 Aprit, 1796]. Mag. Encyclop. 

(known also as Revue encyclopédique), an IV [1796), IIT (2 an), 

No. 12, pp. 440-445. First published by Millin, Noel and Warens, 

afterward by Millin alone. 
Use of mammouth by natives of Siberia. : 

[A résumé (unsigned) of the observations of Cuvier and Geoffroy “ Sur les espéces 

d’Eléphans” appears in the Bull. Soc. Philom., Paris, I, an 3 [1795], p. 90.’ 

This is said to be by Cuvier and Geoffroy, due probably to the fact that 

they worked together and published jointly in many instances. In the 
case of the present Memoir, it is attributed to Cuvier only, In this 

résumé [Bull. Soc. Philom., Paris, 1795, I (une premiére série), an 3 de la 

République, p. 90’)] the word Mammouth is used. 

Science, N.S., LXVI, 

1798.1 Exrrair p’UN Mémorre sUB Les OsSEMENS FOSSILES DE QUADRU- 

pepEs. Bull. Soc. Philom. Paris, No. 18, Fructidor, an VI [1798], pp 

137-139. 
Molar in possession of C. Gillet and a “germe” in Nat. Mus. likened to the 

last lower molar of the rhinoceros, but which later (see Cuvier, 1800.1, 
p. 73) he regarded as more nearly like the molar of the tapir. 

1798.2 Tasreau Evémentarre ve L’Historre Nature Le pes ANI- 

MAUX, pp. Xvi+710, 14 pls. 
Elephas indicus, p. 148, EB. capensis, p. 149. 

1799.1 Mémoire sur Les Esréces po’ Riéruans Vivanres eT Fossives. 

Mém. Inst. Nat. Sci. et Arts. Sci., Mathém. et Phys., II, Fructidor, 

an VII [1799], pp. 1-22, Pls. u-vi. Lu le premier pluvoise an 4. 

This is sometimes called the Académie des Sciences, II. 
In this first revision of the Proboscidea, Cuvier lists two Recent and two Pleis- 

tocene species, with figures, as follows: 
5 “Espéces qu'on sait exister. 
Elephas capensis, fronte concerd, lamellis molarium rhombotdalibus. 
Elephas indicus, fronte plano-concand, lamellis molarium arcuatis undatis. 

Espéces qu'on ne connolt que fossiles. 
Elephas mammonteus, marill4 obtusiore, lamellis molarium tenuibus rectis. 
Elephas americanus, molaribus multi-cuspidibus, lamellis post detritionem 

quadri-lobatis 
Cuvier refers to the observations of Pallas on the ‘mammouth’; he . 

new specific name (E. mammonteus) for the mammoth and abodes toward 
the close of his paper to Blumenbach's “ Handbuch der Naturgeschichte.” 
Subsequently Cuvier recognized Blumenbach's species BE. primigenius. 

1800.1 Sur Les TAPIRS FOSSILES DE France. Bull. Soc. Philom. Paris, 
No. 34, Nivése, an VIII [1800], pp. 73, 74. 

See note under Cuvier, 1798.1. 

1806.1 Sur ves Erféexans Vivans et Fossices. Ann. Mus. hist. nat., 

VIII, pp. 1-58, 93-155, 249-269, Pls. 38-45 (1-vi1). Paris. 
Mammont, mammouth, mammontova-kost. 
A general and comparative résumé of the height and form of Blephas africanus, 

p. 262, B. indicus, p, 263, and B. primigenius, p. 264. 

1806.2 Sur te Granp Masroponte. Ann. Mus. hist. nat., VIII, pp. 

270-312, Pls. 49-56 (1-vi1). Paris. 
First use by Cuvier of the term Mastodonte, pp. 270, 272, 203. Bléphant and 

mammouth de UOhio, p. 273. 

1806.3 Sur Dirrérenres Dents pu GENRE DES MASTODONTES, MAIS 

D’ESPECES MOINDRES QUE CELLES DE L’OHIO, TROUVEERS EN PLUSIEURS 

LIEUX DES DEUX CONTINENS. Ann. Mus. hist. nat., VIII, pp. 401- 
424, Pls. 66-69 (1-1v). Paris. 

Mastodonte de U'Ohio | =Mastodon giganteum Cuv. or Mastodon americanus 
Kerr], p. 412; Mastodonte 4 dents étroites | = Mastodon angustidens), p. 412; 
Petit mastodonte | = Mastodon tapiroldes, . minutus), p, 413; Mastedone 
des Cordiliéres | = Mastodon andium, M. cordillerarum|, p. 413; Mastodonte 
humboldien | = Mastodon humboldtii}, B 413. 

Uses the term “ tapir gigantesque," p. 417. 

1812.1 RecHERCHES SUR LES OSSEMENS FossiLes bE QuaDRUPEDES, OU 

Won Rérasiit Les Caractéres pe Piusteurs Esritces p’ANI- 

MAUX QUE Les RévoL_uTiIons pu GLOBE PAaRoIssENT AVOIR 

Dérruites, I-IV [1st edition). 
Chapters IX, X, XI are identical with Cuvier, 1806.1, 2, 5 bet two pars- 

graphs are omitted on pp. . reprinted as Chapter XII. 

1817.1 Le Réene AniMat, I, 8vo, Paris, pp. xxxv +540. 
Elephas indicus, B. Africanus. New us: Mastedon. New species: Masto- 

don giganteum [| =Le grand ‘astodonte|, Mastodon anguatidens | =Le 
dents étroites|, p. 233. 

1821-1824 RecHEeRCHES SUR LES OSSEMENS FossiLes. . 

Eprrion, I-V [2d edition]. 
1821, I; 1822, I, Pts. I, 11; 1822, 111; 1823,1V; 1823, V, Pt. 1; 1824, V, Ped. 
There of Proboscides in this edition, and pp. 266-268 of 

. . NOUVELLE 

igeni ’ irotde, M. . M. maximus, M. 
weaken, ie Bemba bal Al tured, Mr. Sileiee “Whoa. Pe il p. S27, 

Tapirs gigantesques, pp. 165, 174, 1822, II, Pt, L. 

1825.1 Recuercues suR Les Ossemens Fosstues. ... Troisthan 

Eprtion, I-V. 
1834-1836 RecHercnes sUR Les Ossemens Fossttes. . . . QuaTaibme 

Eprtion, I-X. Atlas, I, Pls. 1-cix1; II, Pls. cuxn-ceux, Pls. a-c, 

E, G, H, J-8. 
1834, I-IV; 1835, V-VII;_ 1836, VIII-X. 
Tapir gigantesque, Vol. III, p. 308. 

Cuvier, Georges Léopold Chrétien Fredéric Dagobert, and Etienne 

Geoffroy Saint-Hilaire 

1795.1 MéMorrE SUR UNE NOUVELLE DIVISION Des MAMMIFERES, ET 

SUR LES PRINCIPES QUI DOIVENT SERVIR DE BASE DANS CETTE SORTE 

DE TRAVAIL, LU A LA Socréré p'HisTOrRE NATURELLE, LE PREMIER 

rioréau [April 15-May 15] pe 1’an TRorsthae [1795). Revue En- 

eyclopédique [= Mag. Encyclop. ou Journ. Sci., Lettres, Arts], Ann. 

I, Tome IJ, No. VI, pp. 164-190. 
Elephantus, p. 189, first used (fide Sherborn, 1902, p, 323; Palmer, 1904, p. 943). 



772 

Cuvier, Georges Léopold Chrétien Frédéric Dagobert, Charles Léopold 

Laurillard, and Mercier 

1850-1856 ANnatTomre ComPpaR&E: RECUEIL DE PLANCHES DE MyYoLoaib 

DESSINEES PAR GEORGES Cuvinr, 0U ExECUTHES SOUS SES YEUX PAR 

M. Lavurituarp. Pusiié sous Les Auspicrs DE M, Le MInisTRE 

DE UL INSTRUCTION PUBLIQUE ET soUS LA Direction pE MM. 

LaurRituaRD ... ET Mercier. 2 vols., 340 pls. Folio. Chez 

Dusacq, Paris. 
Elephant, pp. 270-295. 

Cuvier, Georges Léopold Chrétien Frederic Dagobert, and Bernard 
Germain Etienne de la Ville Lacépéde 

1801.1 La Ménacerie pu Muséum NatIoNAL D’HIsToIRE NATURELLE 

ou Les Animavux Vivants. An X. Folio, Paris. 
Figure of male elephant and 12 pages relating to Elephantus indicus, under title 

“TL Bléphant des Indes." 
Later in the same volume under the title “‘L’Bléphant des Indes, Femelle. 

Tepes ana Femina,” are 6 pages and full plate figure of female 
in the flesh. 

Dall, William Healey 

1871.1 [SrarmbMeNT REGARDING FOSSIL ELEPHANT BONES OCCURRING 

/ WITH THE BONES OF MUSK-OX AND BUFFALO NEAR THE GREAT BEND 

OF THE YUKON, ALAsKA.| Proc. Bost. Soc. Nat. Hist., XIII, p. 136. 

1873.1 [REMARKS ON TUSK AND LOWER JAW OF ELEPHAS PRIMIGENIUS 

COLLECTED ON ELEPHANT Point, KotzEBUE Sounp, ALASKA, BY 

Capt. SmitH oF ALASKA COMMERCIAL ComPpANy.]| Proc. Calif. Acad. 

Nat. Sci., IV, pp. 293, 294. 

1891.1 ON THE AGE OF THE PEACE CREEK BeEps, FLoRIDA. 

Nat. Sci. Phila., XLIII, p. 120. 
Mastodon found with bones of manatee, horse, glyptodon, and big turtle. 

Dall, William Healey, William Bullock Clark, and George Burbank 

Shattuck 
1904.1 See Clark, William Bullock, George Burbank Shattuck, and 

William Healey Dall. 

Dall, William Healey, and Gilbert Dennison Harris 

1892.1 THe Neocene or Nortu America. Bull. U. 8. Geol. Surv., 

No. 84, Correl. Papers, 349 pp., 3 pls., 43 text figs. 
Map of the known distribution of the Neocene formations in Alaska, PI. m1. 

See also List of Vertebrata by Leidy, pp. 129, 130. 

Dana, James Dwight 

1875.1 On Dr. Kocn’s EvipENCE WITH REGARD TO THE CONTEMPOR- 

ANEITY OF MAN AND THE Mastopon IN Missouri. Amer. Journ. 

Sci., (3), LX. pp. 335-346. 
A supplementary article will be found on page 398. 

Dart, Raymond A. 

1927.1 Mammotus anp Man IN THE TRANSVAAL. 

Nature, No. 3032, Dec. 10, pp. 41-48, text figs. 1-7. 
New species: Archidiskodon transvaalensis, A. sheppardi. 

1929.1 Mammorus aNnp OTHER Fossin ELEPHANTS OF THE VAAL AND 

Limpopo WartersHEpDsS. So. Afr. Journ. Sci., X XVI, December, 

pp. 698-731, text figs. 1-28. 
New species: Archidiskodon vanalpheni, A. milletti, A. loxodontoides, A. 

andrewsi, A. hanekomi, A. yorki; Pilgrimia yorki, P. wilmani, P. kuhni; 
Loxodonta prima, Loxodonta africana var. obliqua. Also treats of Archi- 
diskodon transvaalensis, A. sheppardi, A. subplanifrons, A. broomi, and 
Loxodonta griqua. [See Osborn, 1934.925.] 

Daubenton, Louis Jean Marie 

1764.1 Description DE LA PARTIn DU CABINET QUI A RAPPORT A L’ His- 

TOIRE NATURELLE DU ZisBRE ET DE L’HippopoTAME. Hist. Nat. 

Gén. et Particuliére, avec la Description du Cabinet du Roi, XII, 

pp. 69-78, Nos. MLXXXVII-MCXIII. 

Davies, William 

1874.1 CaTALoGUE OF THR PLEISTOCENE VERTEBRATA, FROM THE NEIGH- 

BOURHOOD OF ILFoRD, Essex, IN THE COLLECTION OF Str ANTONIO 

Brapy, Kr., J. P., F.G.S., pvc. of MaryLanp Point, STRATFORD, 

Essex. 4to, London, pp. xxvii+75 including Appendix, frontispiece, 

and section with key. 
Mammoth. 

Dawkins, William Boyd 

1903.1 On tHe Discovery or AN OssirEROUS CAVERN OF PLIOCENE 

Ace at Doveno.ies, Buxton (DerBysuHtre). Quart. Journ. Geol. 

Soe. London, LIX, pp. 105-132, Pls. vui—x1r, text figs. 1-10. 
Mastodon arvernensis, Elephas meridionalis. 

Proc. Acad. 

Supplement to 

OSBORN: THE PROBOSCIDEA 

Dawson, Charles, Arthur Smith Woodward, and Grafton Elliot Smith 

1913.1 On tHe Discovery or A PAaLmoLitaic Human SKULL AND 

MANDIBLE IN A FLINTBEARING GRAVEL OVERLYING THE WEALDEN 

(Hastincs Beps) at Pinrpown, Fietcuine (Sussex). Quart. 

Journ. Geol. Soc. London, LXIX, March, pp. 117-151, Pls. xv-xxt, 
text figs. 1-10. 

Stegodon sp. | =Archidiskodon planifrons], Pl. xx1. 
See Supplementary Note in Quart. Journ, Geol. Soc. London, LXX, 1914, 

April, pp. 82-92, Pls. xiv, xv, text figs. 1-3. 
Stegodon mentioned on page 92. 
See Freudenberg, Wilhelm, 1915.1, for review of 1913 paper. 

Dawson, George Mercer 

1894.1 Norges on THE OccURRENCE OF Mammotu REMAINS IN THE 

YuxKon District or CANADA AND ALASKA. Quart. Journ. Geol. 

Soe. London, L, pp. 1-9. 

De Blainville, Henri Marie Ducrotay 

See Blainville, Henri Marie Ducrotay de. 

Defay, 

1783.1 LA NATURE CONSIDEREE DANS PLUSIEURS DE SES OPHRATIONS, 
OU MEMOIRES ET OBSERVATIONS SUR DIVERSES PARTIES DE L’ HISTOIRE 
NATURELLE; AVEC LA MINERALOGIE DE L’ORLEANOIS. S8vo, Paris, 

Cuchet éditeur. [See Gaudry, 1862-1867, p. 153.] 
The pee author has not seen this publication; a copy is in the Royal Society 

ibrary of England. 
Gaudry states that Defay mentioned three molars in his description of 1783 and 

that the third molar cited is that described by Cuvier under the name 
Mastodon tapiroides. 

DeKay, James Ellsworth 

1842.1 Narurau History or New York. Parrl, Zootogy: Zootoey 

or New York, or THE NEw York Fauna. 4to, New York, Boston, 

and Albany, pp. xiii+146, 33 pls. 
Elephas americanus, p. 101, Pl. Xxx. 

DeKay, James Ellsworth, William Cooper, and J. A. Smith 

1831.1 See Cooper, William, J. A. Smith, and James Ellsworth DeKay. 
De Lorenzo, Giuseppe 

1904.1 GroLoGiA E GEOGRAFIA FISICA DELL’ITALIA MERIDIONALE. 

Bari Laterza. (Original not available.) 
1926.1 L’ELepHas antiquus pi PiagNaTaro INTERAMNA IN VALLE 

DEL Liri. Atti Reale Accad. Naz. Lincei, Rend., Cl. Sci. fis., mat. e 

nat., (69), IV, 2°sem., Fasc. 5-6, pp. 185-188, text fig. Rome. 
First descucnom of specimen named by Osborn (1931) Palzolozodon antiquus 

italicus. 

De Lorenzo, Giuseppe, and Geremia D’Erasmo 

1927.1 L’EvmepHas aANtTIQUUS NELL’ITALIA MeripIonaAte. Atti Accad. 

Sei., (28), XVII, No. 11, pp. 1-104, Tay. 1-x, text figs. 1-21. Napoli. 
Second description of specimen named by Osborn (1931) Palxoloxodon [= Hes- 

perolocodon| antiquus italicus. 

1930.1 Nuove OssERVAzIONI SU L’ELEPHAS ANTIQUUS DELL’ITALIA 

MeripionaLy. Atti Accad. Sci., (2"), XVIII, No. 5, 15 pp., 12 text 
figs. Napoli. 

1931.1 ANcorA su L’ELEPHAS ANTIQUUS DI PIGNATARO INTERAMNA. 

Rend. Acead. Sci., (4), I, pp. 16-19. Napoli. 

1932.1 L’Uomo PateouiTico © L’ELEPHAS ANTIQUUS NELL’ITALIA 

MeripionaLe. Atti Accad. Sci., (2*), XIX, No. 5, 106 pp., 9 Tav., 
42 text figs. (reprint). Napoli. 

Excellent map and photographic reproductions of the region near Pignataro 
Interamna, where the type of Palzoloxodon [=Hesperoloxodon] antiquus 
italicus was found. 

Depéret, Charles 
1885.1 Description GoLOGIQUE pU Bassin TERTIAIRE DU Rous- 

S{LLON ET DeEscRIPTION DES VERTEBRES Fossites DU TERRAIN 

PLioceNE pu Roussititon. Ann. Sci. géol., XVII, pp. 1-272, Pls. 
I-v, map. Paris. 

1887.1 RecHERCHES SUR LA SUCCESSION DES FAUNES DE VERTEBRES 

MiociNEs DE LA VALLEE DU RuHone. Arch. Mus. hist. nat. Lyon, 
IV, pp. 45-307, 25 pls. 

Treats at length of Mastodon and Dinotherium. 

1890.1 Les Animaux Puiiochnes pu Roussitton. Mém. Soe. géol. 

France, No. 3, pp. 1-194, Pls. -xrx, text figs. 1-4, table. 
In a list of the fauna of the Pliocene of Roussillon Mastodon arvernensis and M. 

borsoni are given. See especially pp. 61-67, Pl. v, of Mém. No. 3 (Tome I, 
Pl. xrx, of Memoirs). 

1892.1 Nore sur LA CLASSIFICATION ET LE PARALLELISME DU SYSTEME 

Miockne. Bull. Soc. géol. France, (3), XX, pp. cXLy—-CLv1. 



BIBLIOGRAPHY 

Depéret, Charles—Continued 

1893.1 Sur ta CrassiricaTion ET LE PARALLELISME pU SysTEME 
Mrockne. Bull. Soc. géol. France, (3), X XT, pp. 170-266. 

1894.1 Nore sur LA Succession STRATIGRAPHIQUE DES FAUNES DE 
Mammirbres Puiiocbnes p’EvrorE ET pu PLATEAU CENTRAL EN 
PARTICULIER. Bull. Soc. géol. France, (3), X XI, pp. 524-40. 

1897.1 Décovverte pu Masropon ANGUSTIDENS 

CARTENNIEN DE Kapytin. 
518-521, Pl. xrx. 

New subspecies: 

DANS L’MraGE 

Bull. Soc. géol. France, (3), XXV, pp. 

Mastodon angustidens Cuv. mut. asc. pygmaeus. 

1905.1 L’fvoLurion pes MAMMIFERES TERTIAIRES; IMPORTANCE DES 
MIGRATIONS. [Hocéne.] Compt. Rend. Acad. Seci., CXLI, séance 
Noy. 6, pp. 702-705. Paris. 

1906.1 L’fvoLuTion pes MAMMIFERES TERTIAIRES; IMPORTANCE DES 

MIGRATIONS. [Oligocéne.] Compt. Rend. Acad. Sci., CXLII, 
séance Mar. 12, pp. 618-620. Paris. 

1906.2 L’fvoLuTION DES MAMMIFERES TERTIAIRES; IMPORTANCE DES 

MIGRATIONS. Epoque Miockne. Compt. Rend. Acad. Sci., CXLIII, 
seance Dec. 24, pp. 1120-1123. Paris. 

1907.1 Sur .’AGE pes coucnEes A PaLazomasropon pu Fayoum. (2° 

Note). Bull. Soc. géol. France, (4), VII, pp. 455, 456. 
Belongs in the Sannoisien sup. or at extreme base of the Stampien. 

1907.2 Les TRANSFORMATIONS pU MOoNDE ANIMAL. 
360 pp. 

1908.1 Tue Evo.urtion or Tertiary MAMMALS, AND THE IMPORTANCE 

OF THEIR Miarations. (Trans. First Paper. Eocene Epoch.) 

Amer. Nat., XLII, No. 494, February, pp. 109-114. 

1908.2 Tue Evo.uTion or TERTIARY MAMMALS, AND THE IMPORTANCE 

or THEIR Mierations. (Trans. Second Paper. Oligocene Epoch.) 
Amer. Nat., XLII, No. 495, March, pp. 166-170. 

1908.3 Tue Evouurion or TERTIARY MAMMALS, AND THE IMPORTANCE 
OF THEIR Miarations. (Trans. Third Paper. Miocene Epoch.) 
Amer. Nat., XLII, No. 497, pp. 303-307. 

Depéeret, Charles, Lucien Mayet, and Frédéric Roman 
1923.1 Les Eiirxanrs Priocknes. Premiére Partie, pp. 1-87, text figs. 

1-13, Elephas planifrons Falconer . . . par Lucien Mayet et Frédé- 

ric Roman; Deuxidme Partie, pp. 89-213, Monographie des Plé- 
phants Pliocénes de l'Europe et de |’Afrique du Nord . . . par 
Charles Depéret et Lucien Mayet. Ann. Univ. Lyon, Nouv. Sér. 
I.—Sciences, Médicine. Fase. 43, pp. vii-ix, 1-213, Pls. 1-x1, 47 

text figs. 

D’Erasmo, Geremia 
1928.1 In TrrraBeLopon (TRILOPHODON) ANGUSTIDENS CUVIER 5P. 

DELLA PIPTRA LECCESE. Rend. Accad. Sci., (3), XXXIV, Ann. 68, 

Fasc. 9-12, pp. 220-235, figs. 1, 2. Napoli. 

D’Erasmo, Geremia, and Giuseppe De Lorenzo 

See De Lorenzo, Giuseppe, and Geremia D’Erasmo. 

Desmarest, Anselme Gaetan 
1818.1 Mastoponrs (Mastopon), Cuv. Nouveau Dictionnaire d’ His- 

toire Naturelle, XIX, pp. 489-447. 
Mastodon minor, p. 446; Mastodon Humboldtii, p. 447. 

1820-1822 Mammatoam ov Description pes Esrhcrs pe Mammi- 
Fbres. Premiere Partie (1820, pp. viii+276); Seconde Partie 

(1822, pp. viii-+-277-530; Supplement, pp. 531-555). 
Mastodon cordillerarum, new species, 1822, p. 385; M. humboldtii, M. minus, 

and M. tapiroides, p. 386. 

Desnoyers, Jules Pierre Francois Stanislas 

1829.1 OpsERVATIONS SUR UN ENSEMBLE DE pDf&POTS MARINS PLUS 

RECENS QUE LES TERRAINS TERTIAIRES DU BASSIN DE LA SEINE EBT 

POUVANT CONSTITUER UNE FORMATION GHOLOGIQUE DISTINCTE. 

Ann. Sci. nat., XVI, pp. 402-491. Paris. 
Mastodon maximus. 

Desor, Pierre Jean Edouard 
1887.1 Notice sur LE DINOTHERIUM GIGANTEUM, QUADRUPEDE MAM- 

MIFERE ANTHDILUVIEN D'UNE TAILLE COLOSSALE. Paris, 12 pp., 

4 text figs. 

12mo, Paris, 

773 

Dietrich, Wolfgang O. 

1912.1 ELepHas PRIMIGENIUS FRAASI, EINE SCHWABISCHE MAMMUT- 

RASSE. Jahresh. Ver. Naturk. Wiirttemb., LXVIII, pp. 42-106, 
Taf. 1, 1, text figs. 1-26. 

1913.1 Zur STAMMESGESCHICHTE DES AFRIKANISCHEN ELEFANTEN. 

Zeitschr. indukt. Abstamm. Vererbungsl., X, pp. 49-73, text figs. 
1-7. Berlin. 

1916.1 Evernas antiqguus Reck: N.r. aus pem Divuviem Devrsce- 

Ostarrixas. Arch. Biontol., IV, Heft I, pp. 1-80, Taf. 1-vim, 
text figs. 1-6. Berlin. 

1918.1 User eine neve Masropon-ReKonsTruKTION (MasTopon 
ANGUSTIDENS Coy.). Naturw. Wochenschr., N.F., XVII, No. 26, 

pp. 369-372, text figs. 1, 2. 

1921.1 User pEN “HoRIZONTALEN ZAHNWECHSEL” 

unD Evernas. Centralb. Min. Geol. 

595-602, text figs. 1-4. 

1924.1 Evernas anriquus Reckr n.F. avs pem Ditoviem Deurscn- 

Ostarrikas, Wiss. Ergebn. Oldoway-Expedition, II Teil, pp. 1-38, 
Taf. 1-v1. 

1926.1 Zur ALTERSBESTIMMUNG DER PrrnecanrHRorus-ScuicuTen. 

Sitz.-Ber, Ges, naturf. Freunde Berlin. Jahrg. 1924, pp. 134-139. 

Dixey, Frank 

1927.1 THe Tertiary anv Post-Tertiany LacusTRine SepIMeNnTs oF 

THE Nyasan Rurt-Vauiey. Quart. Journ. Geol. Soc. London, 
LXXXIII, Pt. IIT, pp. 432-447, Pls. xxx—xxxu11. 

Appentix 5 Is I ca Arthur ‘Tindell Hopwood: “On Some Mammalian Remains 
rom ." pp. 442-444. 

Appendix Itt ty al Gannoliy: Report on a small Collection of Fossil 
Freshwater Mollusca from Nyassa,” pp. 444, 445, 

Discussion, pp. 44 

D’Orbigny, Alcide 

1842.1 VoyaGe pans L’'Amériqgue MERIDIONALE ... , 

Paléontologie, pp. 1-188, Pls. 1-xx11. 
Mastodon andium. 

BE! Masropon 

Pal., No. 19, October, pp. 

Til, Pt. IV, 

Dorlhac, J. 
1855.1 Notice GéoLocique suk Le Cratére pe Couret eT SUR SON 

GISEMENT DE GEMMES ET D’OsSEMENTS Fossices. Ann. Soc. 

Agric. Puy, XTX, for 1854, pp. 497-517. 
New species: Anancus macroplus Aymard, first publication of the name, p. 507. 

Dubois, Eugen 
1904.1 On an EquivaLent or THE Cromer Forest-Bep in Neruer- 

LAND. Proc. Koninkl. Akad. Wetenschap. Amsterdam, VII, pp. 
214-222, text figs. 1 and 2. 

1908.1 Das GeoLvogiscue ALTER DER KenpenG-Oper Trinit-Fauna. 

Tijdschr. Neder]. Aardr. Genoots Amsterdam, (2), XXVB, No. 6, 

pp. 1235-1270, Taf. xxxrx. 
New species: Stegodon Ganesa var. jaranicus, Blephas hyrudrindicous. 

Dumeril, André Marie Constant 
See notes under Blainville, Henri Marie Ducrotay de (1837.1, 

1837.2). 

Dupont, Edouard Francois 
1873.1 L’Hoaace PENDANT Les Aces pe La Prenre pans Les Exvinons 

pE Drnant-sur-Mecse. Les Temps Préuisrorniqures ex Bet 

aique. Bruxelles, 250 pp., 4 pls., 41 text figs., synoptic table. 
Mounted skeleton ¥i. 1) of the Mammoth | Mammontews primigentua] in the 

Musée Royale d'Histoire Naturelle, Brussels. 

Du Toit, Alexander Logie 
1907.1 GrotoarcaL Survey or THe Eastern Portion or GaiguUaLanp 

West. 11th Ann. Rept. Geol. Comm. for 1906, Cape Town, pp. 87- 
176, text figs. 

Eales, Nellie Barbara 
1926.1 Exrernat Cuaracrers, Skin, AND Temporat GLAND OF A 

Forran Arrican Exvernant. Proc. Zool. Soc, London, Pt. II, 
(published July 21), pp. 445-456, text figs. 1-5. 

1926-1929 Tue ANaTomy or A Forran Arrican Exveraant, Evernas 

AFRICANUS (LOXODONTA AFRICANA). Parts I [the Head], II [the Body 
Muscles}, III [Contents of the Thorax and Abdomen and the Skele- 

ton}. Trans. Roy. Soc. Edinb., LIV, pp. 491-551, Pls. 1-x11, 1926; 
LV, pp. 609-642, Pls. 1-v, 1928; LVI, pp. 203-246, Pls. 1-v1, 1929. 
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Eastman, Charles Rochester 

1904.1 Eartinsr Notice oF AMERICAN PROBOSCIDEA. 

XX, No. 521, Dec. 23, p. 890. 

Eck, H. 

1892.1 Masropon Arr. LONGIROSTRIS KAup von Laur. Neues Jahrb. 

Min. I, p. 151. 

Ehik, Julius, and Tibor Szalay 
1930.1 ProprnorHeRiuM Hunearicum N.G., N.Sp. Appendix by T. 

Szalay “On the Geological Occurrence of Prodinotherium Hungaricum 
Ehik.”’ Geol. Hungarica, Ser. Palaeont., Fasc. 6, Jan. 25, pp. 1-24, 

Pls. 1-1v, text fig. Budapest. 
New genus and species: Prodinotheritum hungaricum. 

Eichwald, Eduardus 

1827.1 NaTURHISTORISCHE SKIZZE VON LITHAUEN, VOLHYNIEN UND 

Popouren. (Original not available.) 
1831.1 Zoo toa, Spxcratis, III, 404 pp., 1 Tav. 

New species: Mastodon intermedius, p.361. Tapirus proavus described on p. 353. 

1832.1 FossiLe WIRBELTHIERE IN RussiscH Poten. Neues Jahab. 

Min., pp. 354-356. 
Mastodon ohioticum mentioned on p. 359. 

1835.1 De Precorum rer PACHYDERMORUM RELIQUIIS FOSSILIBUS IN 

Lirauanta, VOLHYNIA ET PopowiA Repertis. Nova Acta Acad. 

Leop. Carol., XVII, pp. 677-760, Pls. L1-Lx1v. 
Elephas odontotyrannus, Dinotherium proavum et uralense, 

Supplementary descrip- 

Science, N.S. 

New _ species: 
Mastodon podolicus [=Deinotherium podolicum|. 
tion of Mastodon intermedius. 

1837.1 Sein DinotHeRIUM PROAVUM. Neues Jahrb. Min., pp. 43, 44. 
Apparently the first time Dinotherium proavum appeared in this form. Re- 

fers his Mastodon podolicum to Dinotherium, p. 44. 

1838.1 Urner Dir DINOTHERIEN UND EINIGE IHNEN VERWANDTE 

TulErRE Russianps. Bull. Acad. Imp. Sci., St. Pétersb., [V, No. 17, 

pp. 258-266. 

1850.1 Pavaront. Rossi. St. Petersburg. 
Sherborn (1922.1, p. 124) gives this reference for Elephas affinis, p. 179; this 

work, however, is not available to the present author. 

1853.1 LeTHakA RossicA ov PALbONTOLOGIE DE LA Russiz. Der- 

niére Période, III, 8vo, Stuttgart, 533 pp.; Atlas, Période Moderne, 

III, 13 pls. 
Derniére Période, Proboscidea, pp, 345-355, especially p. 350 (Elephas affinis) ; 

Atlas, ITI, Pl. x1, fig. 36, ‘‘Dent molaire d'un Mammouth (Elephas affinis)."” 

Emmons, Ebenezer 

1858.1 Report or THE NorTH-CAROLINA GEOLOGICAL SURVEY. AGRI- 

CULTURE OF THE EASTERN COUNTIES; TOGETHER WITH Descrip- 

TIONS OF THE Fossits oF THE Mart Beps. 8vo, Raleigh, 
pp. xvi+314, 256 text figs. 

Proboscideans: Mastodon giganteus [=type of Gomphotherium? emmonsi 
Hay, 1930=Ocalientinus emmonsi], pp. 198-200, fig. 23. 

1860.1 Manuva or Grotocy: DESIGNED FOR THE USE OF COLLEGES 

AND ACADEMIES. 8vo, New York, pp. xi+297, 218 text figs. 
Mastodon giganteus molar from marl beds of North Carolina (see note under 

Emmons, 1858.1) refigured on p. 218, fig. 186. 

Emmons, Ebenezer, and A. J. Prime 
1845.1 See Prime, A. J., and Ebenezer Emmons. 

Etheridge, Jr., Robert, and Robert L. Jack 

1892.1 See Jack, Robert L., and Robert Etheridge, Jr. 

Evans, George Henry 

1910.1 ELepHANTs AND THEIR Diseases. A TREATISE ON ELEPHANTS. 

Rangoon Superintendent Government Printing, Burma, pp. viii+343, 
19 pls. and frontispiece. 

Fabiani, Ramiro 

1928.1 CENNI SULLE RACCOLTE DI MAMMIFERI QUATERNARI DEL MUSEO 

GEOLOGICO DELLA R. UNIveRSITA pI PALERMO E SUI RISULTATI 

DI NUOVI ASSAGGI ESPLORATIVI. Boll. Assoc. Min. Siciliana, An. 

IV, N. 5, pp. 25-34, text figs. 1-4. 
Elephas (antiquus) mnaidriensis and E. (ant.) melitensis. 

Falconer, Hugh 

1845.1 Description oF some Fossit REMAINS OF DINOTHERIUM, 

GIRAFFE, AND OTHER MAMMALIA FROM THE GULF OF CAMBAY, 

Western Coast or INpiA. Quart. Journ. Geol. Soc. London, I, 

pp. 356-372, Pl. xiv, text fig. 
New species: Dinotherium indicum. 

PROBOSCIDEA 

1857.1 On THE Species or MasTropon AND ELEPHANT OCCURRING IN THE 

FOSSIL STATE IN GREAT Britain. Part I. Mastopon. Quart. 

Journ. Geol. Soc. London, XIII, pp. 307-360, Pls. x1, x1. 

Trilophodon and Tetralophodon defined as subgenera of Mastodon. New 
genera: Euelephas [invalid], Pentalophodon [name only]. New species: 
Elephas giganteus Aymard (in Falconer, p. 321). M. (Triloph.) Pandionis 
[mame only]; M. (Triloph.) Pyrenaicus [Lartet MS. name only]; E£. 
(Eueleph.) Armeniacus [name only]; E. (Eueleph.) Columbi; E. (Eueleph.) 
antiquus; mentioned in the Synoptic Table (opp. p. 319). 

1859.1 Descriptive CaTaLOGUE OF THE Fossin REMAINS OF VERTE- 

BRATA FROM THE SEWALIK HILLs, THE NERBUDDA, PERIM ISLAND, 

ETC., IN THE MUSEUM OF THE AsIATIC SociteTy oF BENGAL. 8vo, 

Caleutta, 261 pp. (Assisted by H. Walker.) 
1863.1 ON THE AMERICAN FossiL ELEPHANT OF THE REGIONS BORDER- 

ING THE GuLF or Mexico, (E. Cotumst, Fatc.); witH GENERAL 

OBSERVATIONS ON THE LIVING AND Extinct Species. Nat. Hist. 

Rev., III, pp. 43-114, Pls. 1, 1. London and Edinburgh. 

Treats the species E. jacksoni, E. terianus, E. columbi, E. Armeniacus, and the 
genus Pentalophodon. 

1865.1 On THE SpEcrIES oF MAsTODON AND ELEPHANT OCCURRING IN THE 

Fosstt State in GREAT Brivarn. Part Il. EverpHant. Quart. 

Journ. Geol. Soe. London, XXI, pp. 253-332. 
Pentalophodon defined; [see Falconer, 1857.1, for name only]. 

1867.1 DerscripTiON OF THE PLATES OF THE FAUNA ANTIQUA SIVALENSIS, 

rrom Notes AND Mremoranpa. (Ed. Charles Murchison.) Hard- 

wicke, 8vo, London, pp. 1-64, 1-136. 

Pages 1-64 consist of a reprint of the Letterpress of Falconer, 1846; pp. 1-136, 
of a “ Description of the Plates in the Fauna Antiqua Sivalensis.”’ 

1868.1 Pauxonrotocica, Mremorrs AND Notes or THE Late Hue 

Fauconer. ... WitH A BronogicAL SKETCH OF THE AUTHOR. 

(Ed. Charles Murchison.) 8vo, London, I, pp. lvi+590, 34 pls., 

16 text figs.; II, pp. xiii+675, 38 pls., 9 text figs. 
New genera: Antoletherium, Vol. I, p. 416, Rhynchotherium, Vol. II, pp. 74, 75. 
New species: Dinotherium Perimense [name only]. 

1867.1 See Busk, George. 

Falconer, Hugh, and Proby Thomas Cautley 
1846.1 Fauna ANTIQUA SIVALENSIS, BEING THE F'ossit ZOOLOGY OF THE 

Sewauik Hruts In THE Nortu or Inpra. Pt. I, Proboscidea, 8vo, 

London, 64 pp. Folio, London, Illustrations, Pts. I-1X, 107 pls.. 

1846 [1845]-1849. 

Part I. Proboscidea. (Elephas: 12 lithogr. Taf.) 1845. 
Il. (Elephas: lithogr. Taf. 13-22, incl. XIII A, B.) 

1847. 
Ill. (Elephas und 1 Fig. Mastodon: lithogr. Taf.: 12 

A,B, C, D, 14 A, B, 18 A, 19 A, 20 A, 23, 24, 
24 A.) 1847. 

IV. (Elephas und Mastodon: lithogr. Taf.: 25,25 A, 26- 
29, 29 A, B, 30-33.) 1847. 

Wis (Mastodon ete. lithogr. Taf.: 34-45). 1847. 
VI (Lithogr. Taf.: 46-56). 1847. 

(Compiled from British Catalogue and Carus and Engelmann.) 
The only part of the Letterpress which ever appeared was published in 1846 

under the title, ‘Fauna Antiqua Sivalensis,” being the Fossil Zoology of 
the Sewalik Hills in the North of India,” Part I, Proboscidea, 1846 [64 pp.]. 
This Part was reprinted in 1867 as the first sixty-four pages of ‘‘ Deserip- 
tion of the Plates of the Fauna Antiqua Sivalensis from Notes and Mem- 
oranda by Hugh Falconer. . Compiled and edited by Charles 
Murchison.” Consequently the proper bibliographic references are 
as given above under 1846.1 and 1867.1. ‘ 

New genera: Trilophodon (section name): Tetralophodon (section name); 
Stegodon; Lozxodon |invalid|; Elasmodon [invalid|. New species: Elephas 
Hysudricus (Pl. 1); E. planifrons (Pl. 1); E. insignis (Pl. 1); E. ganesa 
(Pl. m1); E. namadicus, p. 45, E. bombifrons, p. 46, E. cliftii, p. 47, E. 
antiquus (Pl. x11.p), Mastodon perimensis, type figure, Elephas indicus 
(Dauntela var.), BE. indicus (Mukna var.). 

Felix, Johannes 

1912.1 Das Mammutu von Borna. VerOff. Stadt. Mus. Voikerkunde, 

8vo, Leipzig, Heft IV, 52 pp., 8 Taf., 9 text figs., frontispiece. 

Felix, Johannes, and Hans Lenk 
1891.1 UrsERSICHT UBER DIE GEOLOGISCHEN VERHALTNISSE DES MEX- 

ICANISCHEN STAATES Purpia. Palaeontogr., XXXVII, March, 

pp. 117-139, Taf. xxx. (Theil III of Beitrage zur Geologie und 

Paleontologie der Republik Mexico von Dr. J. Felix and Dr. H. 

Lenk.) 

Filhol, Henri 

1891.1 [rupes sur Les MamMirbREs FosstLes DE SANSAN. 

géol., X XI, pp. 1-314, Pls. -xuvr. Paris. 
Mastodon augustidens, M. turicensis. 

Ann. Sci. 



Fischer, Joanne Baptista 

1829-1830 Synopsis MAMMALIUM. 

Cottae, pp. xlii+527. 
In 1830 Fischer published the “Addenda, E dd 2 y i Rasaninticn sy oe hae. enda, Emendanda et Index ad Synopsis 

Elephas and Mastodon treated (1829) on pages xxx, 404—408. 

Fischer de Waldheim, Gotthelf 
1808.1 ProGramme p’INvit. Séance. Pub. Soc. Imp. Nat. Moscou, 

pp. 19, 20, September. (Original not available.) 
New genus and species: Harpagmotherium canad Harpag i 

see Sherborn, 1924.1, p. 1022). ; nes On ee oer ren 

1814.1 Zooanosta. Tasuwis Synopricis ILLUSTRATA. 

III, pp. xxiv +694. 
New genus: Mastotherium, p. 337. New species: Mastotherium megalodon, 

M. leptodon, M. microdon, M. hyodon, M. Humboldtii, pp. rms 

1829.1 Novice sur QuELQUES ANIMAUX FossILES DE LA RUussIE. 
Nouv. Mém. Soe. Imp. Nat. Moscou, I, pp. 283-299, Pl. xvi. 

New species: Elephas mammonteus, E. paniscus, E. periboletes, EB. pygmaeus, B. 
campylotes. 

1829.2 Fossites. Notice sur Le Mammonr. 

Moscou, Premiére Année, No. 9, pp. 267-278. 
New species: Elephas Kamenskii. 

1830-1837 OrycroGraPHig DU GOUVERNEMENT bE Moscov. 

I-III. Folio, Moscou, pp. v+202+xvii, 53 Tab. 
Mammont, Mammontova Kost, p. 111, Elephas mammonteus,Tab. 1. 

1834.1 BrisiioGRAPHIA PALAEONTHOLOGICA ANIMALIUM SYSTEMATICA, 

EpITIO ALTERA, AUCTA, JussuU SocreraTis CABSAREAE NATURA 

Scrutarorum Impressa. 8vo, Mosquae. Typis Universitatis 
Caesareae, pp. viii+414. 

Invaluable bibliography of the first period (cf. p. 2 of the present Memoir) 
of ee ee (1760-1834), pages 1-128, followed by an equally invalu- 

. able subject bibliography of fossil vertebrates and invertebrates, pages 
~ 128-372, also by a complete authors’ and subject index, pages 373-414. 

Fitzinger, Leopold Joseph Franz Johann 
1827.1 Nacuricur tBeER DIE ZU WIEN IN DER SANDGRUBE AM RENN- 

WEGE KURZLICH AUFGEFUNDENEN FOSSILEN ZAHNE U. KNOCHEN 

EINES URWELTLICHEN THIERES (MASTODON ANGUSTIDENS), IN 

ZOOLOG. U. GEOLOG. HinsicnT BETRACHTET. Svo, Wien. (Original 

not available.) 

Flerov, Constantine C. 
1931.1 A TrunK or Mammorta (ELEPHAS PRIMIGENIUS BLUM.) FOUND 

IN THE Kotyma District (SrperiA). Bull. Acad. Sci. U.S.S.R., 

pp. 863-870, Pls. 1, 11, text figs. 14. 
First discovery of the tip of a mammoth’s trunk—it is illustrated in text figs. 

1-3. 

8vo, Stuttgardtiae, Sumtibus J. G. 

8vo, Mosquae, 

Bull. Soc. Imp. Nat. 

Pts. 

Flower, William Henry, and Richard Lydekker 
1891.1 An InrRopUCTION TO THE StupY orf MAMMALS LIVING AND 

Extiner. 8vo, Adam and Charles Black, London, pp. xvi+763, 357 

text figs. 
Proboscidea, pp. 418-436. 

Foetterle, Franz von 

1853.1 Bericut UBER DIE GEOLOGISCHE AUFNAHME DES SUDLICHEN 

Miauren. Jahrb. geol. Reichsanst., Jahrg. TV, Heft I, pp. 33-57. 

Wien. 
Dinotherium giganteum, p. 40. 

1867.1 [Dinornertum-Reste von Herren Jos. Eacerrn.) Jahrb. geol. 

Reichsanst., Jahrg. VIII, Sitzung, Jan. 27, pp. 167, 168. Wien. 

1865.1 Kiererstiick EINES MASTODON ANGUSTIDENS VON EQBISWALD. 

Jahrb. geol. Reichsanst., Jahrg. XV, Sitzung, Nov. 14, Heft IV, 

p. 234. Wien. 
Fortis, Giovanni Battista detto Alberto 

1786.1 Detie Ossa p’ELEFANTI FE p’ALTRE CurrostrA NATURALI DE 

Monrt pr RoMAGNANO NEL VERONESE. Vicenza, 85 pp., | pl. 

Foster, John Wells 
1839.1 Heap or Mastopon GIGANTEUM. 

XXXVI, pp. 189-191, text figs. 1, 2. , 

Refers to fossil elephant found at Jackson Co., Ohio, by Mr. C. Briggs and 

himself. 

Amer. Journ. Sei., (1), 

1857.1 On THE GroLoaicaL PosiTion oF THE Deposits IN WHICH 

occur THE REMAINS oF THE Fosst. ELvernant or NortH AMERICA. 

Proc. Amer. Assn. Adv. Sci., 10th Meeting, Albany, New York, 

August, 1856, pp. 148-169. 
i . 157 (cross-section of elephant bed near Zanesville, Ohio) ; 

= eee (amatine diposite ‘at type locality of Blephas jacksoni). 

BIBLIOGRAPHY 775 

1872.1 A New sPeEctes or Fossit. ELerHant, ELernas MISSIssipPieNnsis. 
Nature, VI, Sept. 26, p. 443. 

Proc. Amer. Assoc. Adv. Sci., August, 1872, p. 259: “Elephas Indianapolis 
A New Species of Fossil Elephant.” Professor Calvin (1911, p. 213) states 
in a footnote that after reading the paper, Foster proposed to change the 
name to Elephas mississippiensis. 

Fourtau, René, and Armand Ruffer 
1918.1 Contrrisurion a t’Prupe pes VerTésrés Miockxes pe 

u’Eayere. Ministry of Finance, Egypt, Surv. Dept.. pp. xi +99; 
Appendix, Studies in Palwopathology by Armand Ruffer, 
pp. 101-109, PL. 1, text figs. 1-66. 

New species: Mastodon angustidens Cuvier var. libyea; M. Spenceri. In the 
second edition of 1920 there is no change in the description or figures of 
either of these species. 

Fraas, Eberhard 

1907.1 PLeistocaine FAUNA Aus DEN DIAMANTSEIFEN VON StiparRika. 

Zeitschr. deutsch. geol. Ges., LIX, pp. 232-243, Taf. vi. Berlin. 
Mastodon sp. (Waldeck Plant), Taf. vr, fig. 1, fragment of molar. 

Fraas, Oscar Friedrich von 

1870.1 Die Fauna von Sreiwnem. Jahresh. Ver. naturk. Wirttemb., 

XXVI, Hefte IT, III, pp. 145-306, Taf. rv—xm. 
Mastodon arvernensis, p. 184, Taf. v, fig. 1. [Made the type of Mastodon stein- 

heimensis by Klibn in 1922, changed by him in 1931 to Masteden anguati- 
dens steinheimensis.| 

Frade, Fernando 

1924.1 Nores pe MamMatocre Arricatne. Bull Soc. Portugaise 
Sci. nat., [X, Fase. 3, pp. 127-135, text figs. 1-6. Lisbon. 

New subspecies: Elephas africanus mocambicus 

1925.1 Os ELEFANTES ACTUAIS E OS SEUS ANTEPASSADOS. A propésito 

de “Maputo” e de “Ipana.” Colecgio Natura (Soc, Sci. nat. 
Portucalensis), Lisboa, pp. 1—48, text figs. 1-10. 

1928.1 TfiruLos £ TRABALHOS CIENTIFICOS (CURRICULUM VITAE), pp. 

15, 16. Lisboa. 
New subspecies: Lorodonta africana angolensis, {rom region of Cunene, living 

in the Zoological Gardens of Lisbon. 

1931.1 Sur.’ Existence £N Afrique pe Deux Esrbces v' Ecfirnanrs. 

Bull. Soc. Portugaise Sci. nat., XI, No. 9, October, pp. 135-138. 
Lisbon. 

1932.1 ELeraNnTes aFRICANOS pe ‘Esrera’ & pe ‘FiLoresta.’ Asoc. 

Espafiola Prog. Cien. Congr. Decimotercero, Lisboa, (IV), V, Pt. I, 

pp. 25-28, text figs. 1,2. Madrid. 

1933.1 La MANDIBULE Des &LEPHANTS acruELS. Compt. Rend. Assn. 

Anatom., April 10-12, pp. 1-6, text figs. 1, 2. 
Mandibles of Loxodonta cyclotis; L. africana figured. 

1933.2 E.fpxHants pv Mozamsique. Bull. Soc. Portugaise Sci. nat., 

XI, No. 29, December, pp. 307-318, Pls. xvi, xrx. Lisbon. 

1938.8 Exérnantrs p’ANGoua. Bull. Soc. Portugaise Sci. nat., XI, 
No. 30, December, pp. 319-333, Pls. xx, xx1. Lisbon. 

Freudenberg, Wilhelm 
1909.1 Das Divvviateromt von Jockanim iN DER Pra.z. Ber. 

oberrheim. geol. Ver., XLII. (Original not seen by the present 
author.) 

1913.1 ELepHas PRIMIGENIUS FRAASI DieTRich UND DIZ SCHWABISCHE 

Hocurerrasse. Centralb. Min. Geol. Pal., Nr. 15, Aug. 1, pp. 475- 

480; Nr. 20, Oct. 15, pp. 646-652, Stuttgart. 
1915.1 {Review or Cuartes Dawson anv Antuun Sarre Woopwanp 

ON THE DISCOVERY OF Pr-tTpowN MAN (EOANTHROPUS DAWSONI) 

AND ASSOCIATED MAMMALIAN REMAINS.] Neues Jahrb. Min., I 

(1915), pp. 416-420, 2 text figs. 
“ Blephas of. planifrons (wohlnicht Stegodon)," p. 420. 

1922.1 Die SXvuGeTreRFAUNA pes PLiockns UND PosTPrLIocANs VON 

Mexixo. II ren: MasToponten unp Everanten. Geol. u. Pal. 
Abh., XIV (XVIID, Heft III, pp. 103-176, Taf. 1 (tx)-1x 

(xvi), text figs. 1-28. Jena. 
New sper Mastodon oligobunis var. spelen vat, oligobunis var. 

‘elicis, M. oligobunis var. iia, M. progress: Elephas 
columbt var. Felicis, BE. columbi var. silvestris, B. columtn var, Falconer, B. 
columbi var. imperator. 

1926.1 Die avrauantiren Proposcrprer 

Palaeont. Zeitsehr., VIL, Heft 1, pp. 68, 69. 

1927.1 [Discussion or O. ScuaipreEen's Parent “Onen Everuas 

TROGONTHERI! Pont.”} Palaeont. Zeitschr., VIII, Heft I, pp. 68, 69. 

[See Schmidtgen, 1926.1, pp. 62-8.) 

m OneeRueIncenier, 
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Friant, M. 

1931.1 UN CAS DE PERSISTANCE DE L’ INCISIVE MOYENNE SUPERIEURE DES 
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Fritsch, Karl Wilhelm Georg von 

1885.1 Das PLiocAn im THALGEBIETE DER ZAHMEN GERA IN THURINGEN, 
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Fuchs, Theodor 
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CaprRoMERYX MeExIcANA. Bull. Dept. Geol. Univ. Calif., XV, No. 

5 (issued Jan. 30), pp. 137-152, text figs. 1-11. 
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fauna to become extinct, and may be the site of their latest survival on the 
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ures, 

Furlong, Eustace L., and Chester Stock 

1928.1 See Stock, Chester, and Eustace L. Furlong. 

Gastaldi, Bartolomeo 

1861 [1858] CrNnni sur VeRTEBRATI FosstLi DEL PIEMONTE. 

Accad. Sci. Torino, (2), XIX, pp. 19-84, Tav. 1-x. 
Mastodon arvernensis, M. borsoni, Elephas meridionalis, E. antiquus, E. primi- 

genius, 

Gaudry, Albert 

1860.1 R&sULTATS DES NOUVELLES FOUILLES EXBHCUTHES SOUS LES 

AUSPICES DE L’ACADEMIE A PIKERMI (GRECE); LetTTRE A M. LE 

SECRETAIRE PERPETUEL ET LerrreE A M. p’Arcuiac. Compt. Rend. 

Acad. Sci., LI, pp. 802-804. Paris. 

1862-1867 AnimMaux FossILes Er GEOLOGIE DE L’ATTIQUE. 4to, Paris, 
474 pp., Atlas, 75 pls., map. 

Type figure of Mastodon pentelict [ee arnephoton, (Choerolophodon) pentelicus]. 
Mastodon turicensis and Dinotherium treated 

Mem. 

1876.1 Matériaux pour L’HIsToIRE DES TEMPS QUATERNAIRES. 

Paris, 62 pp., 11 pls., 6 text figs. 
Elephas primigenius (race 4 lames écartées), p. 49, Pl. 1x. 

1878.1 Les ENCHAINEMENTS DU MonpgE ANIMAL. 

312 text. figs. 

1888.1 Les ANcETRES DE Nos ANIMAUX, DANS LES TEMPS GHOLOGIQUEs. 

12mo, Paris, pp. xv +296. 

Ato, 

8vo, Paris, 293 pp., 

PROBOSCIDEA 

1889.1 Sur utes MasroponrEes TROUVES A TOURNAN, DANS LE GERS, 

par M. Marry. Compt. Rend. Acad. Sci., CVIII, pp. 1298, 1294. 

Paris. 
Mastodon angustidens. 

1891.1 QuELques REMARQUES SUR LES MASTODONTES A PROPOS DE 

L’ANIMAL DU CuerRicHIRA. Mém. Soc. géol. France, Paléontologie, 

II, Fase. I, Mém. No. 8, pp. 1-6, Pls. 1, m1. 
Mastodon angustidens, M. turicensis. 

1893.1 L’ELépHanrt pre Durrort. VotumE CoMM®MORATIF DU 

CENTENAIRE DE LA FONDATION DU Muséum p’HistorrE NATURELLE. 

4to, Paris, 25 pp., 1 pl. 
Elephas | =Archidiskodon| meridionalis of Durfort. 

Gaudry, Albert, and Edouard Lartet 

1856.1 R&suLTATS DES RECHERCHES PALEONTOLOGIQUES ENTREPRISES 

pANS L’ATTIQUE SOUS LES AUSPICES DE L’ACADiMIE. Compt. 

Rend. Acad. Sci., XLIII, pp. 271-274. Paris. 
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Gay, Claudio 
1847.1 Husrorra Fisica y Pouirica pe CHILE. 

. Mamiferos, (pp. 19-182); 
Mastodon andium, pp. 137, 138. 

Geinitz, Hanns Bruno 

1846.1 GRUNDRISS DER VERSTEINERUNGSKUNDE. 

Leipzig, pp. x +817, 26 Taf. 
Proboscidea, pp. 31-40. 

Geoffroy Saint-Hilaire, Etienne 

1837.1 ENcorE CET CRIT SUR LE SIVATHERIUM, CONSIDERE SOUS LE 

POINT DE VUE DE SES REVELATIONS CONTESTEES RELATIVEMENT A LA 

PHILOSOPHIE ZOOLOGIQUE. Compt. Rend. Acad. Sci., IV, No. 4, 

pp. 113-122, text figs. 1-4. Paris. 
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Geoffroy Saint-Hilaire, Etienne, and Frédéric Cuvier 
1824-1829 See Cuvier, Frédéric, and Etienne Geoffroy Saint-Hilaire. 

Geoffroy Saint-Hilaire, Etienne, and Georges L. C. F. D. Cuvier 

1795.1 See Cuvier, Georges Léopold Chrétien Frédéric Dagobert, and 

Etienne Geoffroy Saint-Hilaire. 
Geoffroy Saint-Hilaire, Isidore 

1837.1 See note under Blainville, Henri Marie Ducrotay de. 

Gerstaecker, Carl Eduard Adolph, and Julius Victor Carus 
1868.1 See Carus, Julius Victor, and Carl Eduard Adolph Gerstaecker. 

Gervais, Francois Louis Paul 
1848-1852 ZooLocie ET PALHONTOLOGIE FRANCAISES . . . Premiered., 

I, pp. viii+271; II Explanation of Plates; III, Atlas, 80 pls. 
Mastodon brevirostris, first described by Gervais and de Serres in 1846 as 

Mastodon brevirostre. 

Zooxroata, I, 496 pp. 

Aves by DeMurs (pp. 183-494). 

R.8vo, Dresden and 

1855.1 RecHERCHES SUR LES MAMMIFERES FOSSILES DE L’AMERIQUE 

MERIDIONALE. ‘‘Animaux nouveaux ou rares recueillis pendant 

l’expédition dans les parties centrales de l’Amérique du Sud, de Rio 
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Pt. VII, Tome I, pp. 1-64, Pls. rv—xiir. 

1859.1 ZooLoGiE ET PALHONTOLOGIE FRANCAISES . 
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The first edition (1864-1869) not available. 

Gervais, Francois Louis Paul, and Pierre Marcel Toussaint de Serres 
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XXII, p. 295, but without name of Mastodon brevirostre. 
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1915.1 GrNERALIDADES SORRE PALEONTOLOGIA ARGENTINA: Ex Mas- 
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. Deuxiéme ed., 
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E. Brumpt, a member of the expedition of Vicomte du Bourg de Bozas. 

Haughton, Sidney Henry 

1922.1 A Note on Some Fosstts FROM THE VAAL RIVER GRAVELS. 

Trans. Geol. Soc. 8. Africa, XXIV, pp. 11-16, PI. 1. 

New species: Lozrodonta griqua [=Metarchidiskodon griqgua, see Osborn, 
1934.925, pp. 2, 6-8, 12]. 

1932.1 On Some Sourn Arrican Fossit ProposcipEa. Trans. Roy. 
Soc. So. Africa, X XI, Pt. I, pp. 1-18, Pls. 1-1v, text figs. 1-8. 

New species: Pilgrimia archidiskodontoides, P. subantiqua, Loxodonta africana 
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Hauser, Franz 

1856.1 DrNvoTHERIUM AUS DEM LrITHA~KALK AM NEUSIEDLER-SEE. 

Jahrb. geol. Reichsanst., VII, p. 612. Wien. 

Hay, Oliver Perry 

1899.1 A Crnsus oF THE FosstL VERTEBRATA OF NORTH AMERICA. 

Science, N.S., X, No. 254, pp. 681-684. 
Out of 436 genera and 1182 species of mammals, 2 genera and 18 species are 

listed as proboscideans (p. 682). 

1902.1 BrsLioGRAPHY AND CATALOGUE OF THE Fosstt VERTEBRATA OF 

Nort America. Bull. U.S. Geol. Surv., No. 179, 868 pp. 

1909.1 Tuer GroLoGicaL AND GEOGRAPHICAL DISTRIBUTION OF SOME 

PLEISTOCENE MammMats. Science, N.S., XXX, pp. 890-893. 
Elephas columbi, E. primigenius. Elephants and mastodonts continued to 

inhabit the Mississippi Valley long after the glaciers had receded from the 
region and therefore during at least a part, if not the whole, of the Post- 
glacial stage of the Pleistocene. 

1912.1 Tuer RECOGNITION oF PLEISTOCENE FAUNAS. 

Coll., LIX (1913), No. 20, pp. 1-16, text figs. 1-10. 
Distribution of M. americanum, E. primigenius, E.columbi in the United States, 

1912.2 Tue PLEIstoceNE PERIOD AND ITS VERTEBRATA. Dept. Geol. 

Nat. Resources, Indiana, 36th Ann. Rept. for 1911, pp. 538-784, 

Pls. 1-xxx1, text figs. 1-76. 
M. americanum, with list of localities where Indiana Mastodons have been 

found; Elephas primigenius and E. columbi, with localities where ele- 
phants have been found in Indiana. 

Smithson. Mise. 
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Hay, Oliver Perry—Continued 
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Rept. for 1912, XXIII, 662 pp., 75 pls., 142 text figs. 
New genus: Rhabdobunus. New species: Mammut progenium. 
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consin,” by William C., Alden. U. S. Geol. Surv. Profess. Paper 
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1919.1 PLEeIsroceNE GEOLOGY AND VERTEBRATE PALEONTOLOGY OF 

THE ATLANTIC Coast PLAIN. Publ. Carnegie Instn. Wash. Year 
Book No. 17 (1918), pp. 311, 312. 
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the Kansan glacial stage. Lissie and Beaumont formations of Texas belong 
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1922.1 FurTHER OBSERVATIONS ON SomME Extinct ELEPHANTS. 

Biol. Soc. Wash., Sept. 30, XX XV, pp. 97-102. 
New species: Elephas roosevelti. 

1923.1 Tue PLeisroceNr or Nortu AMERICA AND Its VERTEBRATED 

ANIMALS FROM THE States East oF THE Mississipr! RIvER AND 

FROM THE CANADIAN Provinces East or LonairupE 95°. Publ. 

Carnegie Instn. Wash., No. 322, pp. vi1+499, 25 text figs., 

41 maps. 
Proboscidea: Pleistocene mastodons (pp. 45-146); Elephas columbi (pp. 147- 
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(pp. 166-182); Pleistocene geology of North America and its relation to its 
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1923.2 CuHARAcTeRISTICS OF SUNDRY FossiL VERETBRATES. 

Amer. Geol., XX XIX, pp. 101-120, Pls. vir—-1x, text figs. 4,5. 
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Transfer of Gomphotherium elegans to Anancus elegans, p. 113. 

1924.1 THe PLEISTOCENE OF THE MippLE ReGIon oF Nortu AMERICA 

AND Its VERTEBRATED ANIMALS. Publ. Carnegie Instn, Wash., 

No. 322A (copies first issued Oct. 15), pp. vii+385, 5 text figs., 

29 maps. 
Proboscidea, pp. 10-121, maps 2-14. 

cus gratus, p. 13. 

1925.1 A FurTHER AND DeraiLep Description oF THE Tyre or Ete- 

PHAS ROOSEVELTI Hay AND DescripTiONs OF THREE REFERRED 

Spectmens. Proc. U. S. Nat. Mus., LX VI (1926), No. 2571, Art. 

XXXIV, pp. 1-5, Pls. 1, 11, text fig. 

Proc. 

Pan- 

Refers Fort Worth molar, 1.M?, to Anan- 
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1925.2 On Remains or Masropons FOUND IN Texas, ANANCUS BRA- 
ZOSIUS AND GOMPHOTHERIUM CIMARRONIS. Proc. U. S. Nat. Mus., 
LXVI (1926), No. 2572, Art. XXXV, pp. 1-15, Pls. 1-1v, text 
figs. 1-9. 

1925.3 Extincr PrososcipEaNns oF Mexico. Pan-Amer. Geol., XLIV, 

pp. 21-37, Pls. 11, rv. 
Review of Freudenberg’s paper (1922.1). Regards Mastodon oligobunis Felicis 
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1926.4 Review or Dr. GUNTHER SCHLESINGER’S PAPER ON MasTopons. 

Journ. Wash. Acad. Sci., XV, No. 16, Oct. 4, pp. 381-387. 

1926.1 Two New Pueistocene Mastopons. Journ. Wash. Acad. Sci., 
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BEING A Fiera ANNUAL Report or Progress. Government Print- 
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Proc. Amer. Phil. Soc., II, pp. 102, 103, 
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EXHIBITED BY Mr. Kocg.] 

105, 106. 
Tetracaulodon. 

1842.2 [Revinw or PAPER BY Pror. OWEN ON Kocu’s COLLECTION OF 
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1913.1 HanppBucH DER BIOLOGIE DER WIRBELTIERE. 
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1890.1 UrEsER EINIGE SAUGETHIERRESTE AUS DEN MIocANSCHICHTEN 

VON FEISTERNITZ BEI EIBISWALD IN STEIERMARK. Jahrb. geol. 
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Bernard Germain Etienne de la Ville Lacépéde. 
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Lambe, Lawrence Morris 

1898.1 ON THE ReMAINS oF Mammorus IN THE MusEUM OF THE GEO- 

LOGICAL SURVEY DEPARTMENT. Ottawa Nat., XII, pp. 136, 137. 

1912.1 THe Past VERTEBRATE Lire or CanapA. (Presidential Address.) 

Trans. Roy. Soc. Canada, V, Sec. IV, 1911, pp. 3-15. 
Among the Pleistocene mammals are included M. americanus and E. primi- 

genius. 

Lang, Herbert Z 

1925.1 Propuems AND Facts asout Frozen SipertAN MAMMOTHS 

(ELEPHAS PRIMIGENIUS) AND THEIR Ivory. Zoologica, New York 

Zool. Soc., IV, No. 2, Jan. 8, pp. 25-53, figs. 9-19. 

Lankester, Edwin Ray 

1899.1 Nore on THE Moar or A TRILOPHODONT MASTODON FROM 

THE BASE OF THE SuFFOLK Crag. Geol. Mag., Dec. IV, N. S8., 

VI, pp. 289-292, Pl. x1. 
Determined and figured as an M? of Mastodon angustidens var. latidens 

(=Zygolophodon sp.]. 

Lapham, Increase Allen 

1855.1 On THE NumpBer or TEETH OF THE MASTODON GIGANTEUS. 

Proc. Bost. Soc. Nat. Hist., V, pp. 1383-136. 

Lartet, Edouard 

1836.1 NoMENCLATURE DES MAMMIFERES ET DES COQUILLES QU'IL A 

TROUVES DANS UN TERRAIN D’EAU DOUCE PRES DE SIMORRE ET DE 

Sansan (Gers). Bull. Soc. géol. France, (1), VII, May 26, pp. 217— 

220. 
New subspecies: M. tapirotdes-minus, M. angustidens minus. 

name Dinotherium secundarium to Kaup, p. 218. 

1851.1 Novice sur La CouiinE DE SANSAN, SUIVIE D'UNE R&CAPITULA- 

TION DES DIVERSES EspkcES D’ANIMAUX VERTE&BRES FOSSILES. . . . 

Avec uNE LisTE pes CoquiILLes TERRESTRES, LACUSTRES ET 

FiuvraTites Fossttes ... Par MM. Noulet, Dupuy, deBoissy. 

8vo, Auch, 45 pp., 1 pl. (“Extrait de L)ANNUAIRE DU DépaRTEMENT 

pu Gers, Année 1851.’’) 
New species: Mastodon Simorrense, p. 24; M. Gaujaci, p. 27. 

1859.1 Sur LA DENTITION DES PROBOSCIDIENS FOSSILES (DINOTHERIUM, 

MAsToponTES ET HLEPHANTS) ET SUR LA DISTRIBUTION GEOGRAPH- 

IQUE ET STRATIGRAPHIQUE DE LEURS DEBRIS EN Europe. Bull. Soc. 

géol. France, (2), XVI, pp. 469-516, Pls. xm—xv. 
See especially dentition of Dinotherium, Pl. xu. [Type figure (Pl. xv, fig. 3, as 

M. tapiroides) of Turicius turicensis simorrensis Osborn, 1926.] 

1865.1 [Pateontotociz.—M. Mitne EpwarpsS COMMUNIQUE A 

LU’ ACADBMIE LA LETTRE SUIVANTE DE M, LARTET, RELATIVE A UNE 

LAME D'IVOIRE FOSSILE TROUVSE DANS UN GISEMENT OSSIFERE DU 
P£RIGORD, ET PORTANT DES INCISIONS QUI PARAISSENT CONSTITUER 
LA REPRODUCTION D’UN EL#PHANT A LONGUE CRINI@RE.] Compt. 

Rend. Acad. Sci., LXI, pp. 309-311. Paris. 

Lartet, Edouard, and Henry Christy 
1875.1 Reviquia AQUITANIC#; BEING CONTRIBUTIONS TO THE ARCH #- 

OLOGY AND PALMONTOLOGY OF P&RIGORD AND THE ADJOINING 

Provinces oF SouTHERN France. Edited by Thomas Rupert 
Jones. 4to, London, pp. xxii+302+204, 87 pls., 3 maps, 132 wood- 

cuts. 

Lartet, Edouard, and Albert Gaudry 
1856.1 See Gaudry, Albert, and Edouard Lartet. 

Lathrop, S. Pearl 
1851.1 Masropon 1n NortHernN ILLINo!Is. 

XII, p. 439. 

Laufer, Berthold 
1925.1 Ivory rm Cutna. Field Museum of Natural History Anthro- 

pology Leaflet 21, 78 pp., 10 pls. 
Laurillard, Charles Léopold 

1846.1 Masroponts. In Charles d’Orbigny’s Dictionnaire Univ. d’ Hist. 
Nat., VIII, pp. 27-32. Paris. 

Laurillard, Charles Leopold, Georges Léopold Chrétien Frédéric 
Dagobert Cuvier, and Mercier 

1850-1856 See Cuvier, Georges Léopold Chrétien Frédéric Dagobert, 
Charles Léopold Laurillard, and Mercier. 

Leakey, Louis Seymour Bazett 
1934.1 Apam’s ANCESTORS. 

30 text figs. 
Dinotherium, found at Kanam, 4 miles from Kavirondo Gulf of Lake Victoria, 

Africa, p. 206, also Homo kanamensis, p. 207. 

Attributes the 

Amer. Journ. Sci., (2), 

8vo, New York, pp. xix+244, 12 pls., 

PROBOSCIDEA 

Le Hon, Henri 
1867.1 Temps ANTEDILUVIENS ET PREHisToRIQqUES. L’HommMeE Fos- 

SILE EN Europe son INDUSTRIE, SES Mq@urs, ses (2uvres d’Art. 

8vo, Brussels and Paris; Premiére Partie, pp. 1-256, illustrated. 

Leidy, Joseph 
1853.1 THe ANciENT FauNA OF NEBRASKA; OR A DESCRIPTION OF 

Remains oF Extinct MAMMALIA AND CHELONIA, FROM THE 

Mavuvatses TERRES OF NeBRASKA. Smithson. Cont. to Knowledge, 
VI, Art. VII, June, pp. 1-126, Pls. 1-xxrv, 1 map. 

Mentions EZ. americanus, EL. primigenius, and M. giganteus as of the Pliocene 
deposits of America. 

1858.1 List or Extinct VERTEBRATA, THE REMAINS OF WHICH HAVE 

BEEN DISCOVERED IN THE REGION OF THE Missouri RIVER WITH 

REMARKS ON THEIR GEOLOGICAL AGE. Proc. Acad. Nat. Sci. Phila., 
IX, for the year 1857, Jan. 7, 1858, pp. 89-91. 

M. ohioticum, small fragments of molar teeth. Leidy thought they belonged 
to the “‘post-pliocene age of the upper Missouri country.” 

1858.2 [ON NEW sPEcIES OF MasTODON AND ELEPHANT FROM NEBRASKA, 

MastTopon MIRIFICUS, ELEPHAS IMPERATOR.] Proc. Acad. Nat. 

Sci. Phila., X, April, p. 10. 

1858.3 [ReMARKS ON A CAST OF A MASTODON TOOTH, ETC.] 

Nat. Sci. Phila., X, April, p. 12. 
Cast of true “Baltimore mastodon’’ tooth referred by Harlan to M. longi- 

rostris. Original came from Greensburgh, Caroline County, Md. 
Tapirus mastodontoides (see Richard Harlan’s ‘‘Fauna Americana,’’ 1825, p. 224; 

Medical and Physical Researches, p. 265) equals Mastodon, according 
to Leidy, Cooper, and Hays. 

1858.4 Notice or ReMaAINs or Extinct VERTEBRATA, FROM THE VAL- 

LEY OF THE NIOBRARA RIVER, COLLECTED DURING THE EXPLORING 

EXPEDITION OF 1857,1N NEBRASKA, UNDER THE COMMAND OF LIEUT. 

G. K. Warren, U.S. Tor. Ena., By Dr. F. V. HAYDEN, GEOLOGIST 

To THE ExpepiTion. Proc. Acad. Nat. Sci. Phila., X, April, pp. 

20-29. 
M. (T'etralophodon) mirificus Leidy and Elephas (Euelephas) imperator Leidy. 

Proc. Acad. 

1859.1 ON extinct VERTEBRATA FROM THE JUDITH AND GREAT LIGNITE 

Formations oF Nespraska. Proc. Amer. Phil. Soc., VII, pp. 10, 11. 
Mastodon and Elephas of the (?)Pliocene. 

1859.2 [On a Masropon TooTH FROM HONDURAS, TEETH AND FRAG- 

MENTS OF TEETH OF MOSASAURUS FROM THE GREEN SAND OF NEW 

Jersey.] Proc. Acad. Nat. Sci. Phila., XI, p. 91. 
Tooth M. ohioticus (?) from Tambla, Honduras. [In 1869, p. 242, regarded 

by Leidy as possibly a molar of M. andium. Referred by Osborn to 
Rhynchotherium browni in present Memoir, Fig. 454, p. 484]. 

1859.3. Drscriprion or VERTEBRATE FossI1s in “‘Post-Pleiocene Fossils 

of South Carolina,” by Francis S. Holmes, Nos. 8-10, pp. 99-110, 

Pls. xv—xx. 
Elephas americanus and M. ohioticus, p. 108, also Pls. xvii and xrx. 

1866.1 [REMARKS UPON FOSSIL BONES OF THE ELEPHANT, ETC., FOUND 

IN A SALT MINE ON THE ISLAND OF Petite ANSE, LoursiANa.] Proc. 

Acad. Nat. Sci. Phila., XVIII, p. 109. 

1867.1 [EXHIBITION OF TEETH OF MASTODON OHIOTICUS FROM Bia BonE 

Lick, Ky.] Proc. Acad. Nat. Sci. Phila., XVIII, for the year 1866, 

Feb. 13, 1867, p. 290. 

1868.1 Novice oF sOME VERTEBRATE REMAINS FROM HARDEN Co., 
Texas. Proc. Acad. Nat. Sci. Phila., XX, pp. 174-176. 

Mastodon americanus equals M. ohioticus or M. giganteus of authors, first used 
by Leidy. 

1869.1 Tue Extinct MamMauian Fauna or Dakota AND NEBRASKA, 
INCLUDING AN ACCOUNT OF SOME ALLIED FORMS FROM OTHER LOCALI- 
TIES, TOGETHER WITH A SYNOPSIS OF THE MAMMALIAN REMAINS 

or Norru America. Journ. Acad. Nat. Sci. Phila., (2), VII, pp. 1- 

472, Pls. I-xxx. 
M. mirificus, type jaw fragment, figured in Pl. xxv, figs. 1, 2; EZ. imperator, 

molar, figured in Pl. xxv, fig. 3. New species: Mastodon obscurus, molar, 
figured in Pl. xxv, fig. 13. M. obscurus [=referred Serridentinus obli- 
quidens Osb.|, Pl. xxvu, fig. 16; M. andium (?), Tambla molar, figured 
in Pl, xxvu, fig. 14 [=Rhynchotherium]. 

1870.1 [On Fosstz MamMatia FRoM Ipano, UTAH, AND OREGON.) 

Proc. Acad. Nat. Sci. Phila., XXII, pp. 66, 67. 
Idaho: M. mirificus, Niobrara Pliocene fauna, collected by Clarence King. 

1870.2 [On Fosstts FROM THE VICINITY OF BuRLINGTON, Kansas.] 

Proc. Acad. Nat Sci. Phila., XXII, pp. 69-71. 
Kansas: E. americanus, plate from a large molar. 
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Leidy, Joseph—Continued 

1871.1 [ON Mastopon REMAINS IN THE WARREN MUSEUM, THE MU- 

SEUM AT CAMBRIDGE, AND AT AMHERST COLLEGE, AND ON A NEW 

SPECIES OF Mastropon.] Proc. Acad. Nat. Sci. Phila., X XII, for the 

year 1870, March 14, 1871, pp. 96-99. 
Amherst Museum: Fragment of tusk from Dry Creek, Stanislaus Co., Calif., 

sem Lai og -angustidens, perhaps may equal M. obscurus; Leidy makes it "the 
type of shepardi [subsequently referred by Osborn to Rhynchotherium|; 
fragment of lower jaw, containing last molar, from Contra Costa Co., 
Calif., species indeterminate, but tooth similar to type of M. obscurus from 
Maryland, possibly referable to M. shepardi. 

1871.2 Report ON THE VERTEBRATE FossiLs OF THE TERTIARY FoORMA- 

TIONS OF THE West. [4TH ANNUAL] PRELIMINARY Repr. U. 8. GEeou. 

Surv. or Wyo. anp Portions or Contiauous TERRITORIES (BEING 

A SEcoND ANNUAL REPORT OF PROGRESS), CONDUCTED UNDER THE 

AUTHORITY OF THE SECRETARY OF THE INTERIOR, BY F. V. HAYDEN, 

Unirep States GEoLocist. Washington: Government Printing 

Office., Pt. 1V, Chap. IV, pp. 340-370. 
Proboscidea, pp. 358, 359. 

1871.3 Norges oN THE AMERICAN MASTODON AND OTHER FossiLs. 
Amer. Journ. Sci., (3), 1, January, pp. 63-65. 

1871.4 [ON rossiL BONES FROM CaLIFORNIA—Mastopon, Horse, etc.| 

Proc. Acad. Nat. Sci. Phila., XXIII, May 9, p. 50. 
Fragment of inferior molar, apparently of M. americanus, Table Mt., Tuolumne 

‘alif, 

1871.6 Remarns or Mastopon anp Horse 1n Nortu Carona. 

Proc. Acad. Nat. Sci. Phila., XXIII, July 11, p. 113. 
Mastodon americanus, from Goldsboro’, Lenoir Co., N. C. 

1871.6 Remarks ON Masropon, ETc. OF CALIFORNIA. 

Nat. Sci. Phila., XXIII, Oct. 24, pp. 198, 199. 
Seer Papal from Stanislaus Co., and Mastodon from Contra Costa Co., 

alif. 

1871.7 Remarks ON Fossin VERTEBRATES FROM WYOMING. 

Journ. Sci., (3), Il, November, pp. 372, 373. 

1872.1 Remarks ON Mastopon From New Mexico. Proc. Acad Nat. 

Sci. Phila., XXIV, Sept. 3, p. 142. 
Molar Seopa to belong to M. obscurus; part of symphyseal prolongation of 

the j jaw containing portions of tusks, resembling the European M. angusti- 
; portion of an upper tusk, with band o enamel, descril as M. 

Sheppardi. erium of the Genoa [Geneva] Museum may equal 
. obscurus. 

1873.1 ConrTRiBUTIONS To THE Extinct VERTEBRATE FAUNA OF THE 

WESTERN TERRITORIES. Rept. U. 8. Geol. Surv. Terr., I, 4to, 

358 pp., 37 pls. 
Mastodon obscurus, figured Pls. xxt, xx11; 

shepardi in Amherst Museum. 

Proc. Acad. 

Amer. 

refigures portion of type tusk of M. 

1874.1 Remarks on Fossit ELtepHant Teetu. Proc. Acad. Nat. Sci. 

Phila., XXV, for the year 1873, Feb. 17, 1874, pp. 416, 417. 
Elephas columbi from Mexico; relation of Mastodon and Elephant tooth 

structure. 

1875.1 Remarks oN ELepHANT Remains. Proc. Acad. Nat. Sci. Phila., 

XXVII, June 1, p. 121. 
Teeth of Elephas americanus, from near Chadd's Ford, Delaware Co., Pa., and 

from California, respectively, now preserved in the cabinet of Wal 
College, Indiana. Drawings of an elephant tooth dredged at confluence of 
Monongahela and Allegheny rivers. 

1876.1 Masropon anpium. Proc. Acad. Nat. Sci. Phila., XXVIII, 

April 25, p. 38. 
From Amazon, Fragment of Leer yrs! from Tarrapota, near town of Chasuta, 

on Huallaga River, a branch of the Amazon, eastern Peru. 

1877.1 DescripTion oF VERTEBRATE REMAINS, CHIEFLY FROM THE 

PuospHate Beps or Sourm Carouina. Journ. Acad. Nat. Sei. 

Phila., 1874-1881, (2), VIII, pp. 209-261, Pls. xxx-xxxiv. 
Disposed to consider most of the elephant remains of North America, including 

molar teeth with comparative thin plates, as pertaining to a common 
species under De Kay's name E. americanus. 

1884.1 Fossi Bones rrom Louisiana. Proc. Acad. Nat. Sci. Phila., 

XXXVI, April 1, p. 22. 
M. americanus fragments from New Iberia, La. 

1884.2 VerRTEBRATE Fossits FROM FLORIDA. 

Phila., XXXVI, June 3, pp. 118, 119. 
“Young mastodon” fragments from Florida. 

1886.1 Mastopon anp LLAMA FROM FLORIDA. 

Phila., XX XVIII, March 23, pp. 11, 12. 
phodon) florida Leidy; tusk f ts indicat 

“etme! band, ES (last a party Natger then in M. eacushiina Ox aC: 
ium 

Proc. Acad. Nat. Sei. 

Proc. Acad. Nat. Sei. 

1886.2 Caries IN THE Mastopon. Proc. Acad. Nat. Sci. Phila., 

XXXVIII, April 6, p. 38. 
Inference based on certain imperfections in the tooth 

1887.1 Fossi, BONES FROM FLoripa. Proc. Acad. Nat. Sei. Phila., 

XXXIX, Dec. 13, pp. 309, 310, text fig. 
M. floridanus fragments from Florida, Mixson's bone bed, near Archer, Levy Co. 

1889.1 Fossit VERTEBRATES FROM FLORIDA. Proc. Acad. Nat. Sci. 

Phila., XLI, June 18, pp. 96, 97. 

Premolar of B. columbi, Ocala, Florida. 

1889.2 DescripTion oF MAMMALIAN ReMmarns FROM A Rock Crevice 1x 

Fiorina. Trans, Wagner Free Inst. Sci., 11, December, pp. 13-17. 
Elephas from Ocala, Florida, p.17. Milk molars, Pl. m1, figs. 6-9. 

1889.3 Descriprion or VERTEBRATE Remains FRoM Peace Creek, 

FLoripa. Trans, Wagner Free Inst. Sci., II, pp. 19-31. 
Elephas columbi, last upper molar, Pl. vu, p. 23; also a of right ramus of 

mandible containing last molar tooth, Pier fig. 2, p. 23 

1889.4 Novice or Some MAMMALIAN REMAINS FROM THE suis MINE oF 

Petite Anse, Louisiana. Trans. Wagner Free Inst. Sci., II, pp. 

33-40. 
Mastodon americanus, fragments of vertebre and other bones, also well- 

preserved molar teeth, the last two of the lower series. 

1890.1 Foss. VerTepRaTes From FLoripa. Proc, Acad. Nat. Sei. 

Phila., XLII, May 13, pp. 64, 65. 
‘astodon floridanus fragments from Florida. Confirms H. von Meyer's in- 

ference that “two premolars succeeded the series of deciduous molars.” 

1890.2 Masropon anp Capypara or Souru Carouina. Proc. Acad. 

Nat. Sci. Phila., XLII, July 29, pp. 184, 185. 
ow spaeies Mastodon rugosidens; founded on molar fragment from Beaufort 

1892.1 [List or VERTEBRATA FROM THE PLiIoceNE Beps or FvLonipa.| 

See Dall and Harris, Bull. U. 8. Geol. Surv. No. 84, Correlation 

Papers, Neocene, pp. 129, 130. 
‘astodon floridanus, Alachua clays, Archer. Elephas columbi, Ocala, Peace 

Creek, Caloosahstchie; Mastodon serridens, Equus ‘ 

Leidy, Joseph, and Frederic Augustus Lucas 

1896.1 Fossin VERTEBRATES FROM THE ALACHUA CLAYs oF FLonipa. 

Trans. Wagner Free Inst. Sei., IV, pp. vii-xiv, 15-61, Pls. 1-x1x. 
Supplementary description with type and metatype figures of Mastedon 

floridanus. 

Leney, Frank 
1902.1 A List or THE Type, Ficurep, AND Descrisep Fossits in THE 

Norwicu Castte Museum. Geol. Mag., Dec. IV, N.S., LX, pp. 
166-171, 220-231. 

Type of B. giganteus intermedius Gunn, listed as in the Norwich Museum. 

A complete and most valuable revision of the Forest-Bed fauna eg 
in the Norwich Castle Museum, by the Assistant Curator. See also 
“ Memorials of John Gunn,” 1891. 

Lenk, Hans, and Johannes Felix 
1891.1 See Felix, Johannes, and Hans Lenk. 

Lesson, René Primevere 
1842.1 Nouveau TasLeau pu Rone ANDMAL. Mamuirires. 8vo, 

Paris, 204 pp. 
aes Elephasidew, p. 156. New species: Mastodon Brasiliensis Lund, 

Lichtenstein, Karl Martin Heinrich 
1840.1 [MirrHEILUNG UBER MEHRERE IM NORDLICHEN AMERICA 

GEFUNDENE PacuYpERMEN.| Isis, [XX XIII}, Heft XII, pp. 903-906. 

Liddell, Henry George, and Robert Scott 
1883.1 A GreeK-Enauisx Lexicon. 7th edition. Harper and Brothers, 

New York. 
History of the word Elephant, p. 454. 

Lindgren, Waldemar 
1911.1 Tue Tertiary GRAVELS OF THE SreRRA NEVADA OF CALIFORNIA. 

U. S. Geol. Surv., Profess. Paper 73, 226 pp., 28 pls., 16 text figs. 

Link, Heinrich Friedrich 
1807.1 BrscurermuNG NaTuRALIEN-SAMMLUNG peR UNIVERSITAT ZU 

Rostock (4), p. 3. (Original not available; fide Sherborn, 

“Index Animalium,” 1928, Pt. XV, p. 3845.) 

Linnewus, Carolus (Karl von Linne) 
1736.1 Systema Narur#, First Edition. 

12 pp. 
Elephas placed in same division of quadrupeds with rhinoceros, see p. 10, 

Folio, Lugduni Batavorum, 
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Linnzus, Carolus (Karl von Linné)—Continued 

1754.1 Anrmatia Rariora, Imprimis, ET Exorica. 

Frid. Regis, Holmiz [Stockholm], pp. xxx+96, 33 pls. 
The specific name Elephas indicus first appears in this volume, p. 11. 

1758.1 Systema Natur, Editio Decima, Reformata, I, pp. 824+111, 

Appendix, 3 pp. 8vo, Holmix, Impensis Direct. Laurentii Salvii. 
The “Systema Natur” consists of many editions, namely, 1735, 1736, 1740, 

1744, 1747, 1748, 1753, 1756, 1758-59, 1760, 1762, 1766-68 [the last edi- 
tion personally supervised by Linnzus], 1767-70, 1772, 1773, 1788-93, 
1789-96; the English editions are dated 1802, 1806. The present edition, 
of 1758, known as the Decima, Reformata, was officially adopted by the V 
International Congress of Zoology, held at Berlin in 1901, and ‘is accepted 
as the starting point of zoological nomenclature and of the Law of Priority.” 
(Inter. Rules of Zool. Nomenclature, Art. 26, Opinions, Nos. 3, 12, 13, 15, 
16, 51, 52.) [Errata (Appendix of 3 pp.) listed at close of reprinted 
edition of 1894.] 

The present author has made photographic excerpts from the first edition (1735, 
p. 10) and from the original tenth edition (1758, p. 33). In the tenth edi- 
tion (1758) the name Elephas maximus is substituted for Elephas indicus, 
1754, p. 11. 

Linneus, Carolus, Johann Fridrich Gmelin, and Robert Kerr 
1792.1 See Kerr, Robert, Carolus Linneus, and Johann Fridrich 

Gmelin. 

Lockhart, Charles Francois 
1853 (1854) Nore suR UN NOUVEAU DBPOT D’OSSEMENTS FOSSILES DANS 

LE DEPARTEMENT DU LorRET. Bull. Soc. géol. France, (2), XI, 

pp. 50-53. 
Dinotherium, p. 50. 

Logan, William Edmond 
1863.1 GroLocicaL SurvEY or CaNnapa, Report oF PROGRESS FROM 

Irs ComMENCEMENT TO 1863, pp. xxvii +983, 498 woodcuts. Atlas 

of maps and sections. 
Cites (p. 914) Euelephas jacksoni as found north of Hamilton, and gives four 

figures on pp. 966, 967. 

Lomnicki, Aloys Maryan 
1914.1 WyKRYCIE MAMUTA I NOSOROZCA DYLUWIALNEGO W STARUNI. 

Wykopaliska Starunskie, Muzeum Imienia Dzieduszyckich we 

Lwowie, XV, pp. 3-7, 4 text figs. 

Loomis, Frederic Brewster, and James Williams Gidley 
1926.1 See Gidley, James Williams, and Frederic Brewster Loomis. 

Lorenzo, Giuseppe, De 

See De Lorenzo, Giuseppe. 
Lortet, Louis, and Ernest Chantre 

1872 [1876] Eruprs ParfonTotociques DANS LE Bassin DU RHONE. 

PéR1opE QuaTeRNAIRE. Arch. Mus. hist. nat. Lyon, I, pp. 59-130, 

Pls. 111, XI, X11, XVI-XXI, and frontispiece. 
Excellent frontispiece of mounted skeleton of Elephas intermedius Jourdan. 

1878 [1879] Erupes ParfontroLociques DANS Le Bassin pu RHONE. 

PéRIODE TERTIAIRE. RECHERCHES SUR Les MastoponTEs ET LES 

Faunes MAMMALOGIQUES QuI LES ACCOMPAGNENT. Arch. Mus. 

hist. nat. Lyon, II, pp. 285-311, Pls. 1-xrx. 
Detailed treatment of M. dissimilis, with numerous figures, also M. affinis. 

Lucas, Frederic Augustus 
1900.1 Tse Trora Aspout THE Mammora. 

February, pp. 349-355, 5 figs. 
1901.1 AnimaLs oF THE Past. S8vo, McClure, Phillips & Co., New 

York, pp. xx +258, 16 pls., 26 text figs. 
Mastodon and Mammoth. 
The dates of the seven editions of this book are: 1915, 1916, 1917, 1920, 1922, 

Bee it was reprinted in 1913 as Amer. Mus. Nat. Hist. Handbook Series 
0. 4. 

1902.1 Norra American ELEPHANTIDS. 

Apr. 4, pp. 554, 555. 
Mastodon floridanus must be known as M. obscurus, a fact which the author 

overlooked when editing Dr. Leidy's posthumous paper on fossil ver- 
tebrates from the Alachua clays. 

1902.2 Orance County Masropons. 

Oct. 24, p. 669. 
Suggests that Mr. Gordon was mistaken in supposing that the bones of last 

three mastodons discovered in Orange County were found in their proper 
relative positions. If, however, he referred to the Peale specimens, these 
were fairly complete. 

1902.3 Animats BerorE Man in NortH AMERICA: THEIR LIVES AND 

Times. 8vo, D. Appleton and Co., New York, pp. vii+291, 6 pls. 
Mastodon and Mammoth. 

1906.1 Sysrematic PALEONTOLOGY OF THE PLEISTOCENE Deposits OF 

Maryitanp. Mammalia. Maryland Geol. Surv., ‘Pliocene and 

Pleistocene,” pp. 157-169, Pls. xxxiv-xu. 4to, Johns Hopkins 

Press, Baltimore. 
Mammut americanus (Kerr), Elephas primigenius, E. columbi, E. imperator. 

Mus. Adolph 

McClure’s Mag., XIV, 

Science, N.S., XV, No. 379, 

Science, N.S., XVI, No. 408, 

PROBOSCIDEA 

1908.1 Tue Size or tHe Mammoru. 

Sept. 10, p. 443. 

Lucas, Frederic Augustus, William Bullock Clark, and Arthur Hollick 

1906.1 See Clark, William Bullock, Arthur Hollick, and Frederic 

Augustus Lucas. 

Lucas, Frederic Augustus, and Joseph Leidy 

1896.1 See Leidy, Joseph, and Frederic Augustus Lucas. 

Ludolf, Heinrich Wilhelm [? Hiob] 

1696.1 Grammatica Russica. 
Mammotovoi kost, p. 92. 

1837, p. 111). 

Lugn, Alvin L., and Charles Bertrand Schultz 

1934.1 THe GroLocy anD MAMMALIAN FAUNA OF THE PLEISTOCENE OF 

Nepraska. Neb. State Mus., Bull. 41, I, Pts. I and II, October, 

pp. 319-393, figs. 184-186, and Table A. 
Pt. I, Outline of Pleistocene Geology of Nebraska by A. L. Lugn, pp. 319-356. 
PE, ane eee Mammals of Nebraska by Charles Bertrand Schultz, 

Pp. es. . 

Lull, Richard Swann 

1908.1 Tue EvoLuTion oF THE ELEPHANT. Amer. Journ. Sci., (4), 
XXV, March, pp. 169-212, text figs. 1-27, 4 charts. 

Reprinted, after author's revision, in Smithson. Rept. for 1908, published 1909, 
pp. 641-675. 

1917.1 OrcGanic Evouutrion. A Trext-Book. S8vo, The Macmillan 

Company, New York, pp. xviii+729, 30 pls., 253 text figs. 

Lull, Richard Swann, and Charles Schuchert 

1914.1 See Schuchert, Charles, and Richard Swann Lull. 

Lund, Peter Wilhelm 

1839.1 Buik pAA BRASILIENS DyYREVERDEN FOR SIDSTE JORDOM- 

vm=LTNING. K. Dansk. Vidensk. Selskabs. Afhandl., VIII (1839- 

1841), pp. 29-144, Tab. 1-x111. 
Mastodon, see pp. 117, 129, 130, 133, 136. 

Lydekker, Richard 

1876.1 Moxar TrEetH AND OTHER Remains oF Mamaia. Mem. 

Geol. Surv. India, Palaeont. Indica, (X), I, Pt. II, pp. 19-87, Pls. 

1v-x. Appendix, 1 page. 
New species: Dinotherium pentapotamiz, p. 72. 

1876.2 DerscrIpTION oF A CRANIUM OF STEGODON GANESA, WITH NOTES 

ON THE SUBGENUS AND ALLIED Forms. Rec. Geol. Surv. India, IX, 

Pt. I, pp. 42-49. 
This specimen is in the Indian Museum, Calcutta, No. A.343. 

1876.3 Nores on THE Fosst, MAMMALIAN Faun or Inp1a AND Bur- 

MA. Rec. Geol. Surv. India, IX, Pt. III, pp. 86-101, Appendices 

A, B, pp. 101-106. 

1877.1 Notices OF NEW AND OTHER VERTEBRATA FROM INDIAN TER- 

TIARY AND SeconDARY Rocks. Ree. Geol. Surv. India, X, Pt. I, pp. 

30-43. 
Tusk of Stegodon ganesa from Biltari in the Nerbudda valley. Antoletherium 

Falconer: It is stated on page 33 that the original lower jaw was sent to 
the Indian Museum by the Asiatic Society; referred to Dinotherium. 

1877.2 Notices OF NEW OR RARE MAMMALS FROM THE SIWALIKS. 

Ree. Geol. Surv. India, X, Pt. II, pp. 76-83. 

New species: Mastodon (Trilophodon) Falconeri, p. 83. 

1878.1 Notices or SiwaLik Mammats. Ree. Geol. Surv. India, XI, 

Pt. I, pp. 64-104. 
Mastodon, Stegodon, and Dinotherium reviewed on pages 70-76. 

1879.1 Furraer Notices or Stwatik Mammats. Rec. Geol. Surv. 

India, XII, Pt. I, pp. 33-52, 1 pl. 
New species of Dinotherium (without name), p. 43; reviews the species Dino- 

therium indicum, Mastodon pandionis, M. perimensis. 

1880.1 SiwaLik anp NARBADA Prososcip1a. Mem. Geol. Surv. India, 
Palaeont. Indica, (X), I, Pt. V, pp. 182-800, Pls. xx1rx—x.Lv1. 

New species: Dinotherium sindiense, p. 196. Supplementary description of 
Dinotherium pentapotamiz and Mastodon falconeri with type figure of the 
latter, 1880, Pl. xxxir, figs. 1 and 4. Type figure of Mastodon stego- 
dontoides Pilgrim, Pl. xxx1x (figured as Mastodon (Tetralophodon) lati- 
dens), and of Mastodon punjabiensis Lydekker, Pl. xxi (figured as M. 
(Tetralophodon) perimensis). Dentition of the Elephantide. Detailed 
treatment of Mastodon pandionis, M. latidens, M. perimensis, M. siva- 
lensis, Stegodon cliftii, S. bombifrons, S. insignis, S. ganesa, Lozxo- 
don {=Archidiskodon] planifrons, Euelephas [=Elephas (Hypselephas)} 
hysudricus. Excellent table of recent and fossil Proboscidea. 

1881.1 SuppLeMENT TO SIWALIK AND NARBADA PROBOSCIDIA. 

Geol. Surv. India, Palaeont. Indica, (X), II, Pt. II, pp. 63-66. 

Occurrence of Stegodon cliftii, S. insignis, or bombifrons, and Elephas namadicus 
in Japan. 

Nature, LXXVIII, No. 2028, 

8vo, Oxonii, pp. 13-+97. 
Mammontova kost (fide Fischer de Waldheim, 1830- 

Mem. 
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Lydekker, Richard—Continued 

1884.1 (See 1886.1.) 

1884.2 AppiTionaL SrwaLik PerRIssopAcTYLA AND PROBOSCIDIA. 

Mem. Geol. Surv. India, Palaeont. Indica, (X), III, Pt. I, February, 

pp. xxiv +34, 5 pls., 6 text figs. 
New species: Mastodon (Trilophodon) angustidens Cuv. var. pale indicus. Note 

on type locality of Mastodon pandionis, namely, from Sind rather than the 
Deccan. 

1884.3 Masropon TeeTH From Perim Isutanp. Mem. Geol. Surv. India, 

Palaeont. Indica, (X), III, Pt. V, pp. 149-154, Pls. xv1, xvi. 
Mastodon perimensis may be a specialized descendant from the stock of M. 

pandionis. 

1885.1 CarTaLoGcue or THE REMAINS OF StwaLik VERTEBRATA CON- 

TAINED IN THE GEOLOGICAL DEPARTMENT OF THE INDIAN MusEUM, 

Catcurta. Pt. I. Mammalia. 8vo, Calcutta, pp. x +116. 
1885.2 Description oF A ToorH or MasTopoN LATIDENS, CLIFT, 

FROM Borneo. Proc. Zool. Soc. London, pp. 777-779, Pl. xivimi. 
{In the present Memoir made by Osborn the type of Stegolophodon lydekkeri.| 

1886.1 AppENDA TO SyNopsis or Stwatik & NarBADA MAMMALIA. 

Mem. Geol. Surv. India, Palaeont. Indica, (X), III, pp. xi-xxiv, 

text figs. 1-11. 
New species: Mastodon cautleyi. 

1886.2 CaTaLoGUE OF THE Fossit MAMMALIA IN THE British Museu 

. Pr. IV, ConraininG THE OrpER UNGULATA, SUBORDER Propo. 

scipEA. 8vo, London, pp. vii+233, 32 text figs. 
New species: Mastodon punjabiensis. 

1886.3 On THE Fosst. MAMMALIA OF MARAGHA IN NORTH-WESTERN 
Persia. Quart. Journ. Geol. Soc. London, XLII, pp. 173-176. 
Discussion, p. 181. 

Chinese molar in British Museum (No. 29007) referred to Elephas armeniacus 
by Lydekker. Range of 2. armeniacus similar to that of Rhinoceros blan- 
Sordi, i.e., from western Asia through the north of India to China. 

1900.1 THe Great AND SMALL GAME or INpIA, BURMA, AND TIBET. 

4to, Rowland Ward, Ltd., London, pp. xviii+416, 9 pls., 62 text figs. 
Elephas marimus sumatranus, p. 11. 

1906.1 THe ALBERT Nyanza ELepuant. Field, London, CVII, p. 1089. 
Original description of living African species: Elephas africanus albertensis. 

1907.1 Tue Ears as a Race-CHARACTER IN THE AFRICAN ELEPHANT. 

Proc. Zool. Soc. London, 1907, I, pp. 380-403, text figs. 105-121. 
Original description of living African species: Elephas africanus torotis, E. 

a. selousi, E. a. pe i, E. a. cavendishi, E. a. orleansi, E. a. rothschildi (type 
statuette of * Jumbo" ” "in the British Museum (Natural History); t: 
ged cena africanus albertensis and E. a. cottoni (figured as 
a. cyclotis 

1907.2 Nores on Two ArricaAaN MAMMALS. 

1907, II, pp. 782-785, text fig. 205. 
E.{Elephas) a.jafricanus] cottoni. 

1907.3 Game ANIMALS OF INDIA. 

author.) 
Elephas maximus zeylanicus, p. 15. 

1908.1 Witp Eversants in Mesoporamia. 

No. 2879, p. 366. 
1911.1 EncycLrormpi1a Britannica, Eleventh Edition, under articles: 

Elephant, Vol. IX, p. 259; Proboscidea, Vol. XXII, p. 405. 

1914.1 THe Mavay Race or THE INDIAN ELepuant. Proc. Zool. Soc. 

London, Abstract, March 17, No. 130, p. 20. 
New subspecies: Elephas marimus hirsutus [name only; see Lydekker, 1914.2). 

1914.2 Tue Mavay Race or THE INDIAN ELEPHANT, ELEPHAS MAXIMUS 

nirsuTus. Proc. Zool. Soc. London, 1914, I, Art. XVIII, pp. 285- 

288, text figs. 1-3. 
This volume contains the type figure of E. maximus hirsutus, p. 285, fig. 1. 

1916.1 CaTaLoGveE or THE UNGULATE MAMMALS IN THE British Mu- 

sEuM (NaTuRAL History), V. Proboscidea (Elephants), pp. 80-91, 

text figs. 23-31. 
Eelphas mazimus, Elephas maximus maximus, _Elephas maximus zeylanicus, 

Elephas maximus sumatranus, Elephas maximus hirsutus; also treats the 
subspecies of Elephas (Loxodonta) africanus. 

Lydekker, Richard, and William Henry Flower 
1891.1 See Flower, William Henry, and Richard Lydekker. 

Lyell, Charles 
1830-1832 Princip.es or Geovoey, I, II. S8vo, John Murray, London. 

Proc. Zool. Soc. London, 

(Original not seen by the present 

Field, CXI, Feb. 29, 
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1843.1 On THE GroLoGicaL PosiTION OF THE MASTODON GIGANTEUM 

AND ASSOCIATED Fossi, Remains at Bicpone Lick, Kentucky. 

Ann. Mag. Nat. Hist., XII, pp. 125-128. 
See also Proc, Geol. Soc. London, 1843, [V, pp. 36-39; Amer. Journ. Sci., 

1844, (1), XLVI, pp. 320-323. 

1845.1 On THE Miocene Tertiary STRATA OF MARYLAND, VIRGINIA, 

AND oF Nortu anv Sourn Carouina. Quart. Journ. Geol. Soc. 
London, I, pp. 413-429. 

Molar of Mastodon longirostris, p. 427. 

1849.1 A Seconp Visir To THE Unirep States or Norra America, 

I, Il. 8vo, New York. 
Second edition, 1850 (fide Hay, 1923.1, p. 36). 

1865.1 A Seconp Visir To Norra America. Third edition. 

John Murray, London, I, pp. xii +368; II, pp. xii-385. 
Maarel, Franciscus Hendricus, van der 

1932.1 ConrTRIBUTION TO THE KNOWLEDGE OF THE FossiL MAMMALIAN 

Fauna or Java. 8vo, Amsterdam, 208 pp., 20 pls., 29 text figs., 

2 maps, 26 tables. 
New subfamily: Tetralophodonting. New Tetralophodon bumiajuenss, 

bondolensis. Treats Archidi wim Stegodonts 
of Archidiskodon planifrons in Java (probably referable to Palzolozedon|. 

Maddren, Alfred Geddes 
1905.1 SmirHsONIAN EXPLORATIONS IN ALASKA IN 1904, IN SEARCH OF 

MamMMoTH AND OTHER Fossit Remains, Smithson. Mise. Coll., 

XLIX, No. 1584, pp. 5-117. 
1905.2 Norges on THE OccURRENCE OF MamMotrH REMAINS IN ALASKA. 

Science, N.S., XXI, No. 541, May 12, pp. 746, 747. 

Majer, Istvan 
1924.1 A TECHNIKA, A TUDOMANY &s A MOvészeT az USLENYTAN SZ0L- 

GALATABAN. Természettudoményi Kézlény, LVI, January-Febru- 

ary, Fiiz. 809. 
Reprint, pp. 1-8, text figs. 1-5. 

Major, Charles Immanuel Forsyth 
1875-1876. CoNsIDERAZIONI SULLA FAUNA DEI MAMMIFERI PLIOCENICI 

E POST-PLIOCENICI DELLA Toscana. Atti Soc. Toscana Sci. Nat., 
I, Fase. 1, pp. 7-40, and Fase. 3, pp. 223-245. Pisa. 

1883.1 Die Tyrruenis. Kosmos, XIII, Jahrg. VII, p. 1-17. 
New species: Elephas Lamarmore. 

Makiyama, Jiré 
1924.1 Caiky0—Tue Grose, I. (Original in Japanese and not available 

to the present author. Reference, fide Matsumoto, 1929.1). 
New subspecies: Elephas namadicus naumanni and Elephas namadicus namadi, 

p. 381, Pl. wie. 

1924.2 Nores on a Fossit Evepuant From SanamMa, TOrés. Mem. 
College Sci. Kyoto Imp. Univ., (B), 1, No. 2, Art. IIT, June 30, pp. 

255-264, Pls. x11—xv1. 
English description of Blephas namadicus naumanni and Elephas namadicus 
Sahel ‘eae Makiyama, 1924.1 for first description in Japanese]. 

Marschall, Augusto de 
1873.1 Nomenciator ZooLocicus. 

Mammalia, pp. 1-13. 

Marsh, Othniel Charles 
1867.1 Discovery oF ADDITIONAL MasTopon REMAINS aT Conors, 

N.Y. Amer. Journ. Sci., (2), XLII, pp. 115, 116. 
1874.1 Sati Size or THE Brain in Tertiary MamMacs. Amer. 

Journ. Sei., (3), VIII, No. 43, pp. 66, 67. 
Mastodon f the Pliocene of the western United States has larger brain than 

Brontotherium, but not equal to that of existing proboscidesns. 
1876.1 Masrovon or Ortsvitie, OnanGe County, N. Y. Amer. Journ. 

Sci., (3), IX, No. 54, p. 483. 

ng = by 

8vo, 

Svo, Vindobonae, pp. iv +482. 

of mounted skeleton 
Mus. 12600). See 

129 of it 
Yale University [Y 

1877.1 INTRODUCTION AND Succession or VertTesnate Lire in 

America. Nature, XVI, pp. 448-450, 470-472, 489-491; also Amer. 

Journ. Sci., (3), XIV, pp. 337-378. 
Mastodon, Elephas primigenius, 

1879.1 Hisrory AND Mernops or PatmontovoarcaL Discovery. 

Nature, XX, pp. 494-499, 515-521; also Amer. Journ. Sei., (3), 

XVIII, pp. 323-359. 
Cites discovery of skeleton of fossil 

and decision wd decision by Medical Faculty 
of the power of the lusus nature 

tat Tonna, near Gotha, in Germany, 
it was a freak of nature as aninstance 
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Marsh, Othniel Charles—Continued 

1885.1 Tue Gigantic MamMats oF THE ORDER Dinocerata. 5th 

Ann. Rept. U.S. Geol. Surv., 1883-84, pp. 243-302, text figs. 36-137. 

Brain growth of Mastodon americanus, fig. 107; Elephas indicus, fig. 110. 

1892.1 Restoration oF Mastopon AMERICANUS, Cuvier. Amer. 

Journ. Sci., (3), XLIV, p. 350, Pl. vim. 

This superb skeleton was exhumed May 7, 1875, at. Otisville, Orange Co., N. 
Y., “seventy-five miles from New York and within a mile and a half of 
the Erie Railroad. The bones were found on and in clay beneath a deep 
bed of muck, and are in excellent state of preservation.’’ [Yale Mus. 12600. 
Compare Marsh, 1875.1, also figure 129 of the present Memoir for view 
of cranium.] 

1896.1 VerteBRATE Fossits. In “Geology of the Denver Basin in Colo- 

rado,” by Samuel Franklin Emmons, Whitman Cross, and George 

Homans Eldridge. Monographs U. 8. Geol. Surv., XX VII, Chap. 

VII, Sec. II, pp. 473-560, Pls. xx1—xxx1, text figs. 23-102. 
Mastodon obscurus cited, p. 527. Restoration of Mastodon americanus, Pl. xxt. 

Martin, Johann Karl Ludwig 

1884.1 UrBERRESTE VORWELTLICHER PROBOSCIDIER VON JAVA UND 

Banka. Samml. Geol. Reichsmus. Leiden. Beitrige Geol. Ost- 

Asiens u. Australiens, (1), IV, Heft I, pp. 1-24, Tab. 1. 
This appears also in Jaarb. Mijnw. N.O.I., Wetensch. Ged., XIII, pp. 285-308, 

Tab.1. Verhandeling No. 20, der Pal. van Nederl.-Indié. 

1887.1 FosstLe SAUGETHIERRESTE VONJAVA UND JAPAN. Samml. Geol. 

Reichsmus. Leiden. Beitrige Geol. Ost-Asiens u. Australiens, (1), 

IV, Heft II, pp. 25-69, Tab. 11-1x. 
This appears also in Jaarb. Mijnw. N.O.I., Wetensch. Ged., XVI, pp. 1-45, 

Tab, u-rx. Verhandeling No. 21, der Pal. van Nederl.-Indié. 
New species: Stegodon trigonocephalus, p. 36. 

1888.1 Nevr WIRBELTHIERRESTE voM Pati-AJAM AUF JAVA. Samml. 

Geol. Reichsmus. Leiden, (1), 1V, Heft III, pp. 87-116, Tab. x1, xm. 

1890.1 Usser Neve Stecopon-Reste aus Java. Verh. Kon. Akad. 
Wetensch. Afdeel. Natuurk., XXVIII, pp. 1-13, Tab. 1-111. Am- 

sterdam. 
New species: Stegodon Airawana. 

Mather, William Williams 
1838.1 First ANNUAL REPORT ON THE GEOLOGICAL SURVEY OF THE 

Srate or Onto. Columbus, 154 pp., frontispiece, and 4 figs. 
This embodies the pienant of C. Briggs, Jr., Fourth Assistant Geologist, pp. 

73-109, in which he mentions the discovery of fossil remains in Jackson 
County, Ohio, on pp. 96, 97 (see fig. 3 of frontispiece, cross-section of 
type locality); subsequently (see Mather, 1838.3) these remains were 
escribed and figured under the name Elephas jacksoni. 

1838.2 First ANNUAL REPORT ON THE GEOLOGICAL SURVEY OF THE 

Srare or Ouro. Amer. Journ. Sci., (1), XXXIV, pp. 347-362. 
This is a review of the above report, quoting portions of the report by C. Briggs, 

Jr. See page 358 for description of Elephas jacksoni, but without name. 

1838.3 REMARKS IN ADDITION TO AND EXPLANATION OF THE REVIEW 

OF THE REPORT OF THE GEOLOGICAL SURVEY OF OHIO—IN A LETTER 

TO THE Eprror. Amer. Journ. Sci., (1), XXXIV, pp. 362-364, 3 text 

figs. 
New species: Elephas jacksoni, with figure. 

Matschie, Paul 

1900.1 User GroGRAPHISCHE ABARTEN DES AFRIKANISCHEN ELEFANTEN,. 

Sitz.-Ber. Ges. naturf. Freunde Berlin, No. 8, pp. 189-197. 
New subspecies of living African elephants: Elephas capensis cyclotis or E. 

(Loxodonta) cyclotis, E. (Loxodonta) oxyotis, E. (Loxodonta) knochenhaueri. 

Matsumoto, Hikoshichiro 
1915.1 Screnriric Gazette, Toxyo, III, No. 5, pp. 308-315. Published 

in Japanese. (Original not available.) 
New species: Elephas aurorx. 

1915.2 On Some Fossir MamMaLs FROM SzE-CHUAN, CHINA. Sci. Rept. 
Téhoku Imp. Univ., (2), Geology, III, No. 1, pp. 1-28, Pls. 1-x, 

text figs. 1-4. 
Stegodon fauna of Sze-chuan resembles that of India and Java, probably nearer 

Gp ee of the Siwaliks than to that of Narbada and of Java—hence 
iocene. 

1915.3 On Some Fossiz Mammats From TsuKINOoKI, Ugo. Sci. Rept. 
Téhoku Imp. Univ., (2), Geology, III, No. 1, pp. 39-49, Pls. 1-1v. 

Elephas namadicus (?). 

1916.1 List or JAPANESE MAMMALIAN Fossit Beps. Journ. Geol. Soc. 

Tokyo, XXIII, No. 275, pp. 291-299. Published in Japanese. 
Supplementary description of Elephas aurorx, p. 294. 

PROBOSCIDEA 

1918.1 On a New Arcuetypat Fossiz ELEPHANT FROM Mr. Tomuro, 

Kaaa. Sci. Rept. Téhoku Imp. Univ., (2), Geology, III, No. 2, pp. 

51-60, Pl. xx, text figs. 1-3. 
Supplementary description in English of Elephas aurore. 

1922.1 Revision or PALHZOMASTODON AND MaritHERIUM. PaLxo- 

MASTODON INTERMEDIUS, AND PHIOMIA OSBORNI, NEW SPECIES. 

Amer. Mus. Novitates, No. 51, Nov. 21, 6 pp., 3 text figs. 
New species: Palzomastodon intermedius, Phiomia osborni. Note by Osborn 

comparing Palzomastodon and Phiomia. 

1923.1 A ConTRIBUTION TO THE KNOWLEDGE OF Ma@RrITHERIUM. 

Bull. Amer. Mus. Nat. Hist., XLVIII, Art. IV, pp. 97-140, text figs. 
1-11. (Issued Sept. 21.) 

Phylogeny of the species. 

1924.1 A Revision or PALAZOMASTODON DIVIDING IT INTO Two GENERA, 
AND WITH DEscriIPTIONS OF Two NEw Species. Bull. Amer. Mus. 

Nat. Hist., L, Art. I, pp. 1-58, text figs. 1-48. (Issued July 2.) 
Supplementary description of Palzomastodon intermedius and Phiomia osborni. 

Transfers Palxomastodon minor to the genus Phiomia. 

1924.2 Pretiminary Note oN Fossit ELEPHANTS IN JAPAN. Journ. 

Geol. Soc. Tokyo, XX XI, No. 371, Sept. 20, pp. 255-272. Published 

in Japanese. 
New genus: Parastegodon, pp. 256, 257. New subgenus: Palzoloxodon, 

pp. 257, 260. New species: Huelephas protomammonteus, p. 262, Loro- 
donta (Palzolorodon) tokunagai, p. 267. 

1924.3 Pretiminary NOTES ON THE SPECIES OF STEGODON IN JAPAN. 

Journ. Geol. Soc. Tokyo, XX XI, No. 373, Nov. 20, pp. 323-340. 
Published in Japanese. 

New genus: Prostegodon Matsumoto, first description, pp. 324-327 [name 
only appeared in Osborn (1923.601, p. 2); see also Matsumoto, 1926.1, 
iopenelen text on this genus]. New subspecies: Stegodon orientalis 
shodoénsis. 

1924.4 Prevtimrnary Nores on Two NEw Spsciss or Fossin Masto- 

DON FROM JAPAN. Journ. Geol. Soc. Tokyo, XX XI, No. 375, Dec. 

20, pp. 395-414. Published in Japanese. 
New species: Hemimastodon [= Serridentinus] annectens, pp. 401, 405; Trilopho- 

don sendaicus, pp. 402, 408. 

1926.1 On Two New Mastoponts anp AN ARCHETYPAL STEGODONT 

or Japan. Sci. Rept. Téhoku Imp. Univ., (2), Geology, X, No. 1, 
pp. 1-11, Pls. 1-v. 

Supplementary description in English of Hemimastodon [= Serridentinus] annec- 
tens, Trilophodon sendaicus, and Prostegodon, also Parastegodon, geno- 
type Elephas aurore. 

1926.2 On tHE ARCHETYPAL MAMMOTHS FROM THE PROVINCE OF 

Kazusa. Sci. Rept. Téhoku Imp. Univ., (2), Geology, X, No. 2, 

pp. 43-50, Pls. xvi1i—xxiv. 

New subspecies: Parelephas protomammonteus proximus. Further description 
of Parelephas protomammonteus (Matsumoto) typicus, [first named by 
Matsumoto (1924.2) Euelephas protomammonteus]. 

1927.1 On a New Fossit Race or Toe Asiatic ELEPHANT IN JAPAN, 

Sci. Rept. Téhoku Imp. Univ., (2), Geology, X, No. 3, pp. 57, 58. 
Pls. XXVI, XXVIII. 

New subspecies: Elephas indicus Buski. 

1927.2 On Lerra-ApAmsiA SIWALIKIENSIS, A NEW GENERIC AND 

Speciric Name or ARCHETYPAL ELEPHANTS. Japanese Journ. Geol. 

and Geog., V, No. 4, Art. XII, 1 page. 
New genus: Leith-Adamsia, New species: Leith-Adamsia siwalikiensis. 

1929.1 On LoxopontTa (PALMOLOXODON) NAMADICA (FALCONER 

AND CavuTLEy) IN JAPAN. Sci. Rept. Téhoku Imp. Univ., (2), 

Geology, XIIT, No. 1, pp. 1-5, Pls. r-v1. 
New subspecies: Loxodonta (Palzolorodon) namadica (Yabei). 

1929.2 On LoxoponTa (PALHOLOXODON) TOKUNAGAI, WITH REMARKS 

ON THE Descent oF LoxopoNTINE Evepuants. Sci. Rept. Tohoku 
Imp. Univ., (2), Geology, XIII, No. 1, pp. 7-11, Pl. vir. 

New subspecies: Lozodonta (Palzolorodon) Tokunagai junior mut. 

1929.3 On ParastEGopon Matsumoro AND Its BEARING ON THE Dr- 

SCENT OF EARLIER ELEPHANTS. Sci. Rept. Téhoku Imp. Univ., 
(2), Geology, XIII, No. 1, pp. 18-15, Pl. vu. 

Parastegodon (description in English) , genot; 
stegodon. Refers Elephas planifrons ani 
stegodon. 

e, Elephas aurorz. Rise of Para- 
Stegodon mindanensis to Para- 
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Matthew, William Diller 
1899.1 A PRovIsIONAL CLASSIFICATION OF THE FRESH-WATER TERTIARY 

oF THE West. Bull. Amer. Mus. Nat. Hist., XII, Art. III, March 
31, pp. 19-75. 

Loy rer list of ena) oe of pr prone bi Pren.d formations with details 
of occurrence critical estimate of the validit di rta: f ies. 
Correlation based upon these data. Lee ee 

Proboscidea: (Loup Fork), p. 68; (Blanco), p. 75. 

1902.1 Lisror THe PLeIstoceNne Fauna FROM Hay Sprincs, NEBRASKA. 
Bull. Amer. Mus. Nat. Hist., XVI, Art. XXIV, Sept. 25, pp. 317-322. 

Elephas primigenius columbi (Hay Springs), p. 318; E. im. (7) columbi, 
Silver Lake, Ore., p. 320. sh ris ie iy eae tee 

1907.1 THe SKELETON OF THE CoLUMBIAN MAMMOTH. 
Journ., VII, No. 1, pp. 5, 6. 

Unsigned and of doubtful authorship. 

1908.1 Mammatian MIGRATIONS BETWEEN EvuRoPE AND 

America. Amer. Journ. Sci., (4), XXV, No. 145, pp. 68-70. 

1909.1 Tue Scrence-Hisrory or THE Universe. Zodlogy. Small 8vo, 
Current Literature Publishing Co., New York, VI, 194 pp. (Series 

published in ten volumes, Francis Rolt-Wheeler, Managing Editor.) 
Brief statement regarding elephants, mastodons and mammoths, with 

ancestry, etc. 

1910.1 Norges anp LiTerarurE—ScuHLosser ON FaydmM MAmMaArs. 

Amer. Naturalist, XLIV, pp. 700-703. 
Relationship of Hyracoidea to Proboscidea through Maritherium must be 

limited to common derivation from Condylarth ancestry. 

1912.1 ArricaN Mammats. Bull. Geol. Soc. Amer., XXIII, pp. 156- 
162. 

Supposed ancestors of the Proboscidea, Maritherium and Paleomastodon. No 
doubt about the position of Palwomastodon, but that of Maritherium is 
uncertain; generally regarded as ancestral to Paleomastodon, a point 
which Osborn regards as open to serious question. Conclusion gen- 
erally drawn that the Proboscidea evolved in the Ethiopian region, but 
this view is not in accord with the writer's (Matthew's) opinion. Migra- 
tion and dispersal possibly were first Ethiopian, then Asiatic, a reversal 
of the normal course. 

1915.1 News Norges. Tue Fuurron Masropon. 

XV, No. 7, p. 373. (Unsigned.) 

1915.2 Mammorus AnD Mastropons. A GuIpE To0 THE COLLECTIONS 
or Fosstz PROBOSCIDEANS IN THE AMERICAN Museum oF NarurAL 

History. Guide Leaflet Series Amer. Mus. Nat. Hist., No. 43, 
November, 26 pp., 11 text figs. 

1915.3 Curate AND Evo.urtion. 
pp. 171-318, text figs. 1-33. 

1915.4 Prosiems or AMERICAN GEOLOGY. Cxaprer VII, Toe Ter- 
TIARY SEDIMENTARY RECORD AND ITS PROBLEMS. 8yvo, Yale Uni- 
versity Press, New Haven, pp. 377-478, text figs. 1-40, map. 

This volume is in collaboration with six other authors. 
Discussion of the Tertiary sedimentary formations of the Cordilleran region, 

their character and origin. Review of the fossil record as contained therein 
showing the evolution of the Tertiary faunas, Evolution of Proboscideans, 
pp. 461-463. 

1917.1 News Nores. A PLioceNne MastTopon SKELETON. Amer. Mus. 

Journ., XVII, No. 2, p. 149. (Unsigned.) 

1917.2 Prenistoric ANIMAL Lire. The Mentor, Dept. Nat. Hist., V, 

No. 13, Aug. 15. 
Siberian Mammoth or Hairy Elephant. 

1918.1 ConrTripuTIONS To THE SNAKE CrEEK Fauna. Wits Notes 

UPON THE PLEISTOCENE OF WESTERN NEBRASKA—-AMERICAN Mv- 

seuM ExpeptTion oF 1916. Bull. Amer. Mus. Nat. Hist., XX XVIII, 

Art. VII, April 18, pp. 183-229, Pls. rv—x, text figs. 1-20. 
Zygolophodon aff. serridens (Cope). Trilophodon (=Gomphotherium) sp. 
Selection of M. tapiroides as the type of Synclophedom Vacek, p. 200. 

1918.2 Generic NOMENCLATURE OF THE Proposcipga. (Abstract.) 

Bull. Geol. Soc. Amer., X XIX, p. 141. 
uggests submission of certain names as nomina conservanda to the Committee 

2 of intee soba Zoological Congress with endorsement of Palwontological 
Society. 

1929.1 Critica OBSERVATIONS Upon Stwatik Mamas. (Exclusive 

of Proboscidea.) Bull. Amer. Mus. Nat. Hist., LVI, Art. VII, 

pp. 437-560, text figs. 1-55. (Issued Feb. 9.) 
Proboscidea, pp. 448 he a list), 450 (Dinotherium), 453 (faunal list), 455, 

457 (review of collection in Indian Museum). 

1930.1 A Priocene Mastropon SKULL FROM CALIFORNIA, PLIOMASTO- 

DON VEXILLARIUS, N. Sp. Bull. Dept. Geol. Univ. Calif., XIX, No. 

16, pp. 335-348, Pls. xi1-x iv, text figs. 1, 2. 
New species: Pliomastodon verillarius, 

Amer. Mus. 

Norts 

Amer. Mus. Journ., 

Ann. New York Acad. Sci., XXIV, 

789 

Matthew, William Diller, and Harold James Cook 
1909.1 A PLiocene Fauna From WesTeRN Nepraska. Bull. Amer. 

Mus. Nat. Hist., XXVI, Art. XXVII, Sept. 3, pp. 361-415, text 
figs. 1-27. 

First description of the Snake Creek fauna, regarded as Lower Pliocene 

Matthew, William Diller, and Edward Drinker Cope 

1915.1 Hiraerto Unrusiisnep Piatres or TerTiakyY MaAmMALia 

AND PerMIAN VERTEBRATA. PREPARED UNDER DIRECTION OF Ep- 

WARD Drinker Core ror U. 8. Geovocicat Survey or THe Ter- 

RITORIES WITH Descriptions or PiaTes py Wiiwiam Ditter 

Martruew. Published, with the Codperation of the U. S. Geological 
Survey, by The American Museum of Natural History, Monograph 
Series No, 2, Pls. 1-ciiv. 

New species: Mastodon “ ligoniferus.” 
pester Cope. 

Matthew, William Diller, and Walter Granger 

1923.1 New Foss. MamMALs FRoM THE PLioceNne or Sze-Cuvan, 

Cutna. Bull. Amer. Mus. Nat. Hist., XLVITI, Art. XVII, Dec. 10, 
pp. 563-598, text figs. 1-27. 

Review of Stegodon orientalis. 

Matthew, William Diller, and Henry Fairfield Osborn 
1909.1 See Osborn, Henry Fairfield, 1909.321. 

Maydon, H. C. 

1932.1 Bic Game Sxoorine rn Arnica. The Lonsdale Library, XIV, 
445 pp., 141 pls. 8vo, London. 

This volume is in collaboration with twenty-one other authors. 

Mayet, Lucien 

1908.1 Prupe pes Mamairéres Miocnes pes SABLEs DE L’ORLEANAIS 
ET DES FaLuns pe La Tourarne. Ann. Univ. Lyon, Nouvelle Série, 

I. Sciences, Médicine. Fase. 24, 336 pp., 12 pls., 100 text figs. 
The Sables de l'Orléanais yields three species of Mastodon, M. angustidens, 

M., turicensis, M. pyrenaicus; and one species of Dinotherium, D. curieri. 

1909.1 Erupe Sommaire pes Mamairéres Fossites pes Fatuns pe La 

Touraine. Ann. Univ. Lyon, Nouvelle Série, 1. Sciences, Médicine. 
Fasc. 26, 72 pp., 30 text figs. 

1920.1 DécouvERTE D’UN SQUELETTE D’ ELEPHAS PLANIFRONS FALCONER 

DANS LES SABLES DE CuaGny, A BeLtitecrorx pabs Cuaany (Sadne- 

eT-Lotre). Note de MM. Lucien Mayet, Pierre Nugue et J. Dareste 

de Ja Chavanne. Compt. Rend. Acad. Sci., CLXXI, pp. 308-311. 
Paris. 

1922.1 LA FAUNE VILLAFRANCHIENNE DES SABLES DE Cuaany (Saéne- 

ET-Lormre). Compt. Rend. Acad. Sci., CLXXIV, pp. 1254-1256. 

Paris. 

Mayet, Lucien, Charles Depéret, and Fredéric Roman 
1923.1 See Depéret, Charles, Lucien Mayet, and Frédéric Roman. 

McGrew, Paul O., and Ruben Arthur Stirton 
1935.1 See Stirton, Ruben Arthur, and Paul O. McGrew. 

Mercier, , Georges Léopold Chrétien Frédéric Dagobert Cuvier, 
and Charles Léopold Laurillard 

1850-1856. See Cuvier, Georges Léopold Chrétien Frédéric Dagobert, 

Refigures type of Tetralephoden cam- 

Charles Léopold Laurillard, and —--——-Mercier. 

Merck, Johann Heinrich 
1782.1 Lerrre a Monsieur pe Cruse... Sur ves Os Fossites 

p’ Ru&rpHans ET DE Ruwocéros QUI SE TROUVENT DANS LE Pays 
pe Hesse-Darmstapt. Dated Darmstadt, 31 August, 1782, 24 

pp., 2 pls. Small 4to. 
1784.1 Seconpe Lerrre «4 Monsrevr pe Cruse... Sun ves Os 

Fossites p’EL&éPHans ET DE RarNockros QUI SE TROUVENT EN 
ALLEMAGNE ET PARTICULIEREMENT DANS LE Pays pe Hesse-Dann- 

stapt. Dated Darmstadt, 15 May, 1784, 27 pp., 4 pls. Small 4to. 
1786.1 Troisitwe Lerrre sur Les Os Fossices p'Evérnans et pe 

RuINocéROS QUI SE TROUVENT EN ALLEMAGNE ET PARTICULIERE- 

MENT DANS LE Pays pe Hesse-DarMsTapT appResste 4 Monsinun 

Forster. Dated Darmstadt, 1 May, 1786, 30 pp., 3 pls. Small 4to. 

Merian, Peter 
1852.1 Urser pas VorKOMMEN pes DINOTHERIUM GIGANTEUM IM 

Devspercer THAL pes Berneriscuen Jura. Bericht ueber die 

Verhandlungen der Naturforschenden Gesellschaft in Basel, X, 

pp. 144-147. 
Dinotherium {rom Delsberg Valley in the Bernese Jura, p. 144, 
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Merriam, John Campbell 

1911.1 Tertiary Mamma Beps or Virgin VALLEY AND THOUSAND 

Creek in Nortuwestern Nevapa. Bull. Dept. Geol. Univ. 

Calif., VI, No. 11, pp. 199-804, text figs. 1-80, Pls. XXXII, XXXII. 

(Issued Sept. 16.) 

Proboscidea: Mastodun (Tetrabelodon? sp.) on pp. 271, 272, Pl. xxx, text- 

figs. 46 and 47. 

1915.1 Tertiary VeRTEBRATE Faunas oF THE NortTH CoaLiINGa 

ReGIon or Cairornta. A ConTRIBUTION TO THE Srupy OF PALAE- 

ONTOLOGIC CORRELATION IN THE GREAT BastN AND PAciFic Coast 

Provinces. Trans. Amer. Phil. Soc., XXII, N.S., Art. III, pp. 191- 

234, text figs. 1-49b. 

Proboscidea, p. 203. 

1916.1 TrrTiARY VERTEBRATE FAUNA FROM THE Crepar Mountain 

Recion or Western Nevapa. Bull. Dept. Geol. Univ. Calif., IX, 

No. 13, pp. 161-198, text figs. 1-48, Pl. vir1 (outline map). (Issued 

Feb. 23.) 

1916.2 Mammauian Remains From A Late Tertiary FoRMATION 

av Ironstpr, OrEGoN. Bull. Dept. Geol. Univ. Calif., X, No. 9, 

pp. 129-135, text figs. 1-3. (Issued Dec. 23.) 

Tetrabelodon? sp., p. 134, and fig. 3. 

Merrill, George Perkins 

1907.1 CaraLoGur oF THE TYPE AND FIGURED SPECIMENS OF FossILs, 

Mrnerats, Rocks, AND ORES IN THE DEPARTMENT OF GEOLOGY, 

Unirep States Nationat Museum. Pr. II. Foss VERTEBRATES; 

Fosstt Puants; Minerats, Rocks, AND ORES. Bull. U. S. Nat. 

Mus., No. 53, 370 pp. 
Types: Elephas imperator, Mastodon floridanus, M. mirificus, M. productus; 

referred specimens, E. columbi, M. andium, M. obscurus. Tarboro molar 

regarded by Merrill (p. 45) as the type of Leidy’s Mastodon  obscurus 

[=Ocalientinus (Serridentinus) obliquidens ref. of present Memoir]. 

Meyer, Hermann von [Christian Erich Hermann von Meyer| 

1831.1 [Nore on DinoTHERIUM GIGANTEUM AND D. BAVARICUM.] Neues 

Jahrb. Min., pp. 296, 297. 
New species: Deinotherium Bavaricum. 

1831.2 Usser MASTODON ARVERNENSIS BEI EppELsHEIM. Nova Acta 

Acad. Leop. Caro]., XV, Pt. II, pp. 1138-124. 

1832.1 BrirRAGE zUR PETREFAKTENKUNDE. . . FosstLE SAUGETHIERE. 

Nova Acta Acad. Leop. Carol., XVI, Pt. II, pp. 485-516, Tab. 

XXXIV-XXXVI. 
Dinotherium giganteum and D. bavaricum, p. 487; D. bavaricum is one quarter 

smaller than D. giganteum. 

1832.2 PaLAmoLoGIcA zUR GESCHICHTE DER ERDE UND IHRER GE- 

SCHOPFE. 8vo, Frankfurt a.M., 560 pp. 
Dinotherium maximum (Kaup MS.), p. 78; Mammut Sibiricum, p. 64. 

1839.1 Die rossILEN SAUGETHIERE, REPTILIEN, UND VOGEL AUS DEN 

Mo assre-GEBILDEN DER Scuweitz. Neues Jahrb. Min., pp. 1-9. 
Apparently first use of the form Mastodon turicensis, p. 2. 

1840.1 User UnHpE’s SAMMLUNG MEXIKANISCHER ANTIQUITATEN, 

MINERALIEN UND PETREFAKTEN. Neues Jahrb. Min., pp. 576-587. 

1865.1 Unser pin FossILEN ResTe VON WIRBELTHIEREN .. . Pale- 

ontogr. XV, pp. 1-40, Taf. 1-vir (1865-1868). 

1867.1 Srupren tiper DAS Genus Masropon. 

pp. 1-72, Taf. 1-1x (1867-1870). 
New species: Mastodon virgatidens, p. 61._ Mastodon humboldtit Cuv. (Taf. 

yi); [chosen by Cope as type figure of Dibelodon tropicus, 1884]. 

Meyer, Hermann von, and Heinrich Robert Goppert 
1848.1 Inppx PALAEONTOLOGICUS IN BRONN’s HANDBUCH EINER GE- 

SCICHTE DER Natur, III, Abth. 1, Erste Halfte, pp. viii+-Ixxxiv +-775. 
New genus: Cheirolites, p. 286. Cites Mastodon arborense Koch and Dino- 

therium angustidens Koch, p. 705; Elephas, pp. 454, 455; Mastodons, 
pp. 705-707. 

Palaeontogr., XVII, 

Miller, Hugh 
1852.1 Tue Foot-Prinis oF THE CREATOR: OR, THE ASTEROLEPIS OF 

STROMNESS Wirn A Memoir or tHe AuTHor, BY LouIS 

Agassiz. 8vo, Gould and Lincoln, Boston, pp. xlii +337, 58 text figs. 
Dinotherium possibly an aquatic quadruped, p. 317. The present author (Os- 

born) had access to the 1852 edition only. 

Moodie, Roy Lee 
1930.1 Tue ANciENT Lire or YuMA County, ARIZONA. 

XXXI, November, pp. 401-407, text figs. la, 1b, 2-9. 
Archidiskodon imperator from Rancho La Brea, as mounted in the Los Angeles 

Museum: fragments of what seem to be portions of occipital region of a 
small Mastodon. 

Sci. Monthly, 

Moreno, Francisco Josué Pascasio 
1888.1 INrorRME PRELIMINAR DE LOS PROGRESOS DEL Museo LA Puiata, 

DURANTE EL PRIMER SEMESTRE DE 1888. 8vo, Buenos Aires, 35 pp. 
New species: Mastodon bonaerensis, pp. 17, 18. 
According to the Supplement (1933) of the Catalogue of the Library, British 

Museum (Natural History), this is: ‘Marked as having formed part of 
the Boletino del Museo La Plata, but no such publication seems ever to 
have appeared.” 

Morren, Charles Francois Antoine 
1834.1 M*émorre sur LES OsSEMENS Fossites D’ELGPHANS TROUVES EN 

BELGIQUE. 8vo, Gand, 23 pp., 2 pls. 
New species: Elephas macrorynchus. 

Mossom, Stuart, and Charles Wythe Cooke 

1929.1 See Cooke, Charles Wythe, and Stuart Mossom. 

Murchison, Charles 
1867.1 and 1868.1 See Falconer, Hugh. 

Murray, James Augustus Henry 
1891, 1908 A New Enauisu Dictionary on Historical PRINCIPLES 

FouNDED MAINLY ON THE MATERIALS COLLECTED BY THE PHILO- 

LOGICAL Society. Edited by Sir James A. H. Murray. Oxford. 
Elephant (1891); Mammoth, Mastodon (1908). Mammoth: ‘The word is of 

obscure origin; the alleged Tartar word mama ‘earth’ (usually cited as 
the etymon) is not known to exist.” 

Muybridge, Eadweard 
1899.1 Animats 1n Motion. AN Exectro-PHoTroGRAPHic INVESTIGA- 

TION OF CoNSECUTIVE PHASES OF ANIMAL ProGRESSIVE MovE- 

MENTS. London, pp. x—264. 
Proboscidea, pp. 57, 99, and 101. 

Nasmyth, Alexander 
1842.1 ON THE MINUTE STRUCTURE OF THE TUSKs OF EXTINCT MastTo- 

pontorp Animas. Proc. Geol. Soc. London, III, Pt. I, No. 91, 

pp. 775-780. 
Reviews the species Tetracaulodon godmani, T. kochii, T. tapiroides, also Mis- 

sourium, of Koch's collection. 

Naumann, Edmund 
1881.1 Urper JAPANISCHE ELEPHANTEN DER VORZEIT. 

XXVIII, pp. 1-39, Taf. 1-vn. 
Comments on Stegodon cliftii, S. insignis, Elephas namadicus, and Elephas 

primigenius. 

1887.1 Fosstne ELEPHANTENRESTE von Mrnpando, SuMATRA UND 

Mauaxka. Abh. Ber. k. Zool.-Anthrop.-Ethnog. Mus. Dresden, 

No. 6, pp. 1-11, text figs. 1-6. 
New species: Stegodon trigonocephalus [mindanensis]. 

1890.1 Srecopon MINDANENSIS, EINE NEUE ART VON UEBERGANGS- 

MasroponTeN. Zeitschr. deutsch. geol. Ges., XLII, Heft I, pp. 

166--169. 
New species: Stegodon mindanensis. 

Nesti, Filippo 

1808.1 D1 Aucun® oss Fossiti pI MAMMIFERI CHE S’INCONTRANO NEL 

Vatparno. Ann. Mus. Imp. Fis. Stor. Nat. Firenze, I, 18 pp. 

PA AUER 
First description (without name) of Elephas meridionalis. 

1825.1 SULLA NUOVA SPECIE DI ELEFANTE FOSSILE DEL VALDARNO 

ALL’ ILLUSTRISSIMO SIG. Dorr. Pror. OTTAVIANO TARGIONI T02ZETTI. 

(LETTERE SOPRA ALCUNE OSSA FOSSILI DEL VALDARNO NON PER 

ANCO DESCRITTE.) Nuoy. Giorn. Lett., XI, No. 24, pp. 195-216, 

Tav. I. 
New species: El, [Elephas] meridionalis; Nesti suggests, however, three other 

names (Elephans Valdarnensis, E. Etruscus, E. Italicus), but chose meridionalis 
because of the southern or temperate climate in which this species lived. 

Neuville, Henri 

1919.1 Dr w’extTincTion pu Mammoutu. 

pp. 193-212, text figs. 1-3. Paris. 
Translation by Gerrit S. Miller, Jr., ‘On the Extinction of the Mammouth,” 

Smithson. Rept. for 1919 (published 1921), pp. 327-338, Pls. 1-111. 
Washington, D. C. 

Newton, Edwin Tulley 

1890.1 On some New Mamas From THE Rep AND Norwicu Cracs. 

Quart. Journ. Geol. Soc. London, XLVI, pp. 444-453, Pl. xviii. 

1890.2 Tasers or Fossius. Srcrion I: Fauna ANp FLORA OF THE 

Lanp, Lakes, AND Rivers. Tapie I: Vertesrata. In Clement 

Reid’s “The Pliocene Deposits of Britain,’ Appendix I, pp. 225- 

228. 

Palaeontogr., 

L’Anthrop., XXIX, July, 
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Newton, Richard Bullen 
1914.1 See Oswald, Felix, Charles William Andrews, and Richard 

Bullen Newton. 

Nicolucci, Giustiniano 
1882.1 Sv Gut ELeranri FossiLi DELLA VALLE DEL Lier. Mem. Soc. 

ital. Sei., Congress XL, (III), IV, No. 5, 16 pp., 2 Tav. Napoli. 
Euelephas primigenius, p. 5, and Lozodon meridionalis, p. 12, Tav.1; Euelephas 

antiquus, p. 8, Tav. 11. 

Niezabitowski, Edward Lubicz 
1914.1 A) SNon Maur (Evepnas Primicenrus Bium). Wykopaliska 

Starunskie, Muzeum Imienia Dzieduszyckich we Lwowie, XV, pp. 
95-184. 

Noack, Th. 

1906.1 Eve ZwerG-FORM DES AFRIKANISCHEN ELEFANTEN. Zool. 
Anz., XXIX, pp. 631-633. Leipzig. 

Type description of Elephas africanus pumilio; [see Hornaday, 1905, for type 
figure (photogs h of the animal in life); type now in The American Mu- 
seum of Natural History]. 

Nomenclature 

1910-1916 Opinions RENDERED BY THE INTERNATIONAL ComMISSION 

on ZooLoGicaL NOMENCLATURE. 8vo, Smithson. Instn. Publ., Wash- 
ington, D. C. 

Opinions Nos. 1 to 67 inclusive. 

1916.1 Tue INTERNATIONAL RULES or ZooLoGicAL NOMENCLATURE. 

Wits APPENDIX AND SUMMARIES OF Oprnions No. 1 To No. 56. 

Extract Proc. 9th Internat. Zool. Cong., Monaco, 1913. Pub. T. O. 

Smallwood, Washington, D. C., 30 pp. September, 1916. 
The above is an amplification (in mimeographed form) of the rules adopted by 

the successive International Congresses held at Berlin in 1901 (Proceedings 
poprenes 1902), at Boston in 1907 (Proceedings published 1912), and at 
{onaco in 1913 (Proceedings published 1914), and constitutes the First 

Impression. The Second Impression is dated September, 1916, and con- 
tains eleven additional Opinions, namely, Nos. 57 to 67 inc., of which Nos. 
58 to 67 were copied from the publications of the Smithsonian Institution. 

Nordenski6éld, Erland 

1903.1 User pre SAuGEeTrerRFossILieN DES TARIJATALS, SUDAMERIKA. 

I. Masropon Anprum Cuy. K. svenska Vetensk. Akad. Handl., 
XXXVII, No. 4, pp. 1-30, Taf. 1-v1. Stockholm. 

Oken, Lorenz 

1816.1 Lrnreuca per Naturcescuicute, Theil III, Abth. 2. Leipzig 

and Jena. (Original not seen by the present author.) 
Apparently the first use of the form Mastodon for Cuvier’s Mastodonte, p. 789. 

Orbigny, Alcide D’ 
1842.1 See D’Orbigny, Alcide. 

Osborn, Henry Fairfield 

1892.67 Foss, MAMMALS OF THE WAHSATCH AND WIND River Beps. 

CoLuLecTION oF 1891. Bull. Amer. Mus. Nat. Hist., IV, Art. XI, 
Oct. 20, pp. 81-147, PJ. rv, text figs. 1-19. (With Jacob L. 

Wortman.) 
Principles of phylogeny. 

1894.91 FromtTHe GREEKS TO Darwin. AN OUTLINE OF THE DEVELOP- 

MENT OF THE Evo.tuTion IpEA. S8vo, The Macmillan Company, 
New York, pp. x+259. (Second edition in 1929, 8vo, Charles 

Scribner’s Sons, New York, pp. xvi+398). 

Quoted in present Memoir (p. 6). 

1894.92 On Crerrarn PrincipLes OF PROGRESSIVELY ADAPTIVE VARIA- 

TION OBSERVED IN Fossit Series. Rept. Brit. Assoc. Adv. Sci., 
1894, p. 693 (title only). Nature, L, No. 1296, Aug. 30, p. 435. 

1900.181 THe ANGULATION OF THE Limes or PRoBoscrDIA, DINOCERATA, 

AND OTHER QUADRUPEDS IN ADAPTATION TO WeiGutT. Amer. 

Naturalist, XXXIV, No. 398, February, pp. 89-94, text figs. 1-7. 
1900.182 THe GEoLoGiIcaL AND Faunat Revations or Evrore anp 

AMERICA DURING THE TERTIARY PERIOD AND THE THEORY OF THE 

Successive INVASIONS OF AN AFRICAN Fauna. Science, N.S., XI, 
No. 276, April 13, pp. 561-574, Charts I-V. 

Theory of the Ethiopian region or South Africa as a t center of independent 
evolution and as the source of successive northward migrations of mam- 
mals, some of which ultimately reached even the extremity of South 
America—referring to the Mastodons, p. 8. 

1900.187 CorreLation Between Tertiary MamMat Horizons or 

Europe ANp America. Ann. New York Acad. Sci., XIII, No. 1, July 
21, pp. 1-72. 

Theory of successive invasions of an African fauna into Europe, p. 56, also 
of Africa as the center of origin of the Proboscidea, Sirenia, ete., p, 57. 

1900.192 PxyLoceny or THe Rutwocreroses or Evrore. Bull. Amer. 
Mus. Nat. Hist., XIII, Art. XIX, Dec. 11, pp. 229-267, text figs. 
1-16 

Principles of phylogeny. 

1902.208 Tue Four Puayta or Oxicocene TrraNorueres. Bul! 
Amer. Mus. Nat. Hist., XVI, Art. VIIT, Feb. 18, pp. 91-109, text 
figs. 1-13. 

Principles of phylogeny. 

1903.224a Evoturion or Tur Proposcipea in Norra AMERICA. 
Science, N.S., XVII, No. 424, Feb. 13, p. 249. 

“From the oldest certainly known form, Palzomastedon of Egypt, through the 
Lower Miocene M. angustidens of Europe, the Pr migrated to 
America.” 

1905.266 Recent ZooraLeontroLocy. [Abstract.] Science, N.S., XXI, 
No. 530, Feb. 24, pp. 315, 316. 

se Nortk toawlons, fetta erties of de mee ee 
: elephants, horses, rhinoceroses, camels, titanotheres. 

1905.267 Ten Yeans’ ProGress In THE MAMMALIAN PALMONTOLOGY OF 

Nortu America. Compt. Rend. 6me Congrés intern. de Zoologie, 

Session de Berne, 1904, May 25, 1905, pp. 86-113, Pls. 1-xv, text 
figs. 1-7. Amer. Geologist, XXXVI, October, 1905, pp. 199 
229. 

Phylogeny and correlation. 

1905.270 Recent VERTEBRATE PALEONTOLOGY. Foss. MAMMALS oF 

Mexico. Science, N.S., XXI, No. 546, June 16, pp. 931, 932. 
Elephas columbi in National Museum. Fine skull and tusks of EZlephas im- 

perator, collection of Geological Survey of Mexico. 

1907.295 A Mounrep SKELETON oF THE CoLUMBIAN Mamoru 

(EverHas coLtumst). Bull. Amer. Mus. Nat. Hist., XXIII, Art. 

XII, Mar. 30, pp. 255-257, text fig. 1. 
This skeleton was subsequently made the type of Blephas jeffersonii by Osborn 

(see Osborn, 1922.555). 

1907.299 A Masropon “At Home.’”’ The Evening Post, New York, 

Saturday, Aug. 3, p. 2. 

1907.302 Huntinc THe ANcesTRaAL ELernant IN THE Faytém Desert. 

Discoveries or THE Recent Arrican Expeprtion or Tas Ameni- 

cAN Museum or Naturat History. The Century Maguzine, 
LXXIV, No. 6, October, pp. 815-835. 

Abstracts: Nature, LXXVI, No, 1981, Oct. 17, p. 622, “Hunting the Two 
Million Year Old E! it,” Illus. London News, Supplement, CX XXII, 
No. 3504, Mar. 7, 1 iy 

Maritherium, Palaomastodon. 

1907.303 EvoLuTIon As IT APPEARS TO THE PALEONTOLOGIST. Science 
N.8., XXVI, No. 674, Nov. 29, pp. 744-749. 

First use of the word “rectigradation” with definition, p. 747. 

1909.321 Cenozoic Mammat Horizons or Westenn Norra Amenica. 

Wirs Faunav Lists or tae Tertiary MamMauia or THe West 

spy WituiamM Ditter Matrsew. Bull. 361, U. 8, Geol. Surv., pp. 
1-138, text figs. 1-15, 1 map. 

Proboscidea, pp. 76-78, 80-90, 114, 116, 119, 120. 

1909.332 Tue eepine Hasitrs or MaerirHeRiuM AND PALMOMASTODON, 
Nature, LX XXI1, No. 2074, July 29, pp. 139, 140, text figs. 1, 2. 

1910.346 Tue Ace or Manmats in Evrors, Asia AND Nortu Amenica. 

8vo, The Macmillan Co., New York, pp. xvii +635, 220 text figs. 
New subfamilies: Dinotheriinw, Mastodontinw, Elephanting. 

1910.347 A Mrans or EstimaTine THe AGE oF THE MasTopoN AND 
Orner Proposcrpra. [Abstract.] Separates issued in 1910. Proc. 
Seventh Intern. Zool. Congress (Boston Meeting, Aug. 19-24, 1907), 

1912, pp. 782-784, text figs. 1-3. 
1914.409 Recent Resvits IN THE PHYLOGENY OF THE TITANOTHERES, 

Bull. Geol. Soc. Amer., XXV, Sept. 15, pp. 403-405, text fig. 1. 
Abstract: Bull. Geol. Soc. Amer., XXV, No. 1, March, 1914, p. 139. 
Principles of phylogeny. 

1914.411 Restoration or THe Wortp Sexms or ELervants ANp 

Mastopons. Bull. Geol. Soc, Amer., XXV, Sept. 15, pp. 407-410, 

text figs. 1, 2. 
Six models (one-eighth scale) by Charles R. Knight. 

1915.418 Review or THE PLerstocenr or Evrore, Asta ano Nouru- 

ern Arnica. Ann. New York Acad. Sci., XXVI, July 30, pp. 215- 

315, text figs. 1-20. 
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1918.468 A Lone-JaAwep Masropon SKELETON FROM SoutH Dakota 

AND PHYLOGENY OF THE ProposcipEA. [Abstract.] Bull. Geol. Soc. 

Amer., X XIX, March, pp. 133-137, 1 chart. 
New families: Dinotheriide, Mastodontide, 
New subfamilies: Bunomastodontine, Stegodontine, Loxodontine, Longi- 

rostrine, Rhynchorostrine, Brevirostrinz. 
New species: Rhynchotherium tlaxcalz [ =tlascalz]. 

1918.473 Equip® or THE OLIGOCENE, MIocENE, AND PLIOCENE OF 

Nortu America, [conocrapuic Tyee Revision. Mem. Amer. 

Mus. Nat. Hist., N.S., IT, Pt. I, June 10, 330 pp., 54 pls., 173 text figs. 

Correlation of Tertiary horizons. 

1919.492 PatmomasTtopon, THE ANCESTOR OF THE LOoNG-JAWED 

Mastopons Onty. Proc. Nat. Acad. Sci., V, Aug. 26, pp. 265, 266, 

text fig. 1. 

1921.515 Tue Evo.turion, PHYLOGENY, AND CLASSIFICATION OF THE 

ProposcipeEa. Amer. Mus. Novitates, No. 1 [Dated Jan. 31, 1921— 

Issued Feb. 3, 1921], 15 pp., 4 text figs. 
New superfamilies: Mceritherioidea, Dinotherioidea, Mastodontoidea, Ele- 

phantoidea. New family: Bunomastodontide. New subfamily: Mam- 
montine. New species: Trilophedon giganteus, Tetralophodon barbouri. 
Neotype of Rhynchotherium tlascale [made by Osborn in the present 
Memoir the type of R. browni). 

1921.522 Firsr APPEARANCE OF THE TRUE Mastopon IN AMERICA. 

Amer. Mus. Novitates, No. 10, June 15, pp. 1-6, text figs. 1, 2. 
New species: Mastodon tapiroides americanus (Schlesinger in Osborn), Mastodon 

matthewi, Mastodon merriami. 

1921.523 Tur First APPEARANCE OF THE TRUE MASTODON IN AMERICA. 

Science, N.S., LIV, No. 1388, Aug. 5, p. 108. 
Correction of statement made in 1921.522: Mastodon merriami of Middle 

Miocene rather than of Middle Pliocene age. 

1921.524 Heaps or ArricAN ELEPHANTS—DIsPARITY IN SIZE BETWEEN 

THAT OF THE MALE AND THAT OF THE Femate. Nat. Hist., XXI, 

No. 3, May—June, pp. 244, 245, 1 text fig. 

Lozxodonta africana. 

1921.526 Evonution, PHYLoGENy, AND CLASSIFICATION OF THE MAs- 

TODONTOIDEA. Bull. Geol. Soc. Amer., XXXII, pp. 327-332 [Dated 

Sept. 1, 1921—TIssued Oct. 5, 1921]. 
New subfamilies: Serridentine, Notorostrine. 

1921.532 ApapTivE RapIaATION AND CLASSIFICATION OF THE PROBO- 

scipEA. Proc. Nat. Acad. Sci., VII, No. 8, pp. 231-234, text fig. 1. 

[Dated Aug. 1921—Issued Dee. 19, 1921]. 
Diagram showing principle of adaptive radiation of the Proboscidea, June, 1921. 

1922.553 CLosr or THE AGE oF Mammats. [Abstract only.] Science, 

N.S., LV, No. 1432, June 9, p. 627. (With H. E. Anthony.) 

1922.555 Species or AMERICAN PLEISTOCENE Mammorus, ELEPHAS 

JEFFERSONH, New Species. Amer. Mus. Novitates, No. 41, July 8, 

16 pp., 12 text figs. 
New species: Elephas jeffersonii. 

1922.663 Puriocene (TERTIARY) AND Earty PLEISTOCENE (QUATER- 

nary) MamMatta oF East ANGLIA, GREAT BRITAIN, IN RELATION 

TO THE APPEARANCE OF Man. Geol. Mag., LIX, No. 700, October, 

pp. 433-441, folding table. 
List of Vertebrata found in the ‘ Forest Bed”’ Series of Norfolk and Suffolk. 

1922.564 DrBELODON EDENSIS (FRICK) OF SOUTHERN CALIFORNIA, 

Mromasropon or THE MripptE Miocene, New Genus. Amer. 

Mus. Novitates, No. 49, Oct. 23, 4 pp., 1 text fig. 
New genus: Miomastodon. 
Reference of Trilophodon (Tetrabelodon) shepardi edensis Frick to Dibelodon. 

1922.566 MicraATIONS AND AFFINITIES OF THE Fossit PROBOSCIDEANS 

or Eurasia, NortH AND South America, AND AFRica. Amer. 

Naturalist, LVI, No. 646, pp. 448-455, text fig. 1. [Issued Oct. 24.] 
Eocene adaptive radiation into four great primary stocks. 

1922.568 Crose or THE AGE or Mammats. Journ. Mamm., III, 

No. 4, pp. 219-237. (With H. E. Anthony.) [Issued Nov. 4.] 
1922.569 Note... (ro) Revision or PAL@omMAsSTODON AND Mcmri- 

THERIUM ... BY H. Matsumoto. Amer. Mus. Novitates, No. 51, 

Nov. 21, p. 6. 
1922.570 Oxp anp New STANDARDS OF PLEISTOCENE DIVISION IN RELA- 

TION TO THE PREHISTORY OF MAN IN Europe. Bull. Geol. Soc. Amer., 

X XXIII, pp. 411-490, text figs. 1-14. (With Chester Albert Reeds.) 
Correlation table (cf. Osborn, 1930.820, fig. 3, for revised table). 

PROBOSCIDEA 

1923.574 Mastopons of THE Hupson Hicuuanps. Nat. Hist., XXIII, 
No. 1, January-February, pp. 3-24, frontispiece and 14 text figs. 

{Issued Feb. 5.] Abstract, Illus. London News, CLXIT, No. 4390, 

June 9, 1923, pp. 992, 993. 
Early history of the Hudson River mastodonts. 

1923.601 New Susramity, GENERIC, AND SPECIFIC STAGES IN THE 

EVoLuTIoN OF THE ProposcipEA. Amer. Mus. Novitates, No. 99, 

Dec. 27, 4 pp. 
New subfamilies: Meceritheriing, Zygolophodontine. 
New genera: Cuvieronius, Serridentinus, Prostegodon Matsumoto (in Osborn). 
New species: Serridentinus simplicidens, Trilophodon progressus, Tetralophodon 

precampester, Rhynchotherium rectidens, Rhynchotherium falconeri, Elephas 
washingtonii. Correction as to paratype of Hlephas jeffersonii. 

1923.603 LinnArAN CLASSIFICATION AND PHYLOGENETIC CLASSIFICA- 

TION OF THE ProposcipDEA. Palaeontologia Hungarica, I (1921— 

1923), pp. 35-54, text figs. 1-5. Budapest. 
Principles of phylogenetic classification. 

1924.630 SmRRIDENTINUS AND BatucuitHEertumM, Lon Formation, 

Moneoura. Amer. Mus. Novitates, No. 148, Nov. 11, 5 pp., 

2 text figs. 
New species: Serridentinus mongoliensis. 

1924.632 F'acToRSIN THE EVOLUTION AND PHYLOGENY OF THE PROBO- 

sciwEA. [Abstract.] Anat. Record, XXIX, No. 2, pp. 114, 115. 

1924.633 PARELEPHAS IN RELATION TO PHYLA AND GENERA OF THE 

Famrity ELeEpHANTIDa. Amer. Mus. Novitates, No. 152, Dec. 20, 

7 pp., 2 text figs. 
New genera: Sivalikia, Pilgrimia, Parelephas. 
New subspecies: Mammonteus primigenius compressus, Parelephas jeffersonit 

progressus. 

1924.634 AppITIONAL GENERIC AND SpEcIFIC STAGES IN THE Eyouu- 

TION OF THE ProposcipEA. Amer. Mus. Novitates, No. 154, Dec. 
24,5 pp., 2 text figs. 

New subgenera: Morrillia, Lydekkeria. New species: Stegomastodon texanus, 
Stegomastodon aftoniz, Stegomastodon nebrascensis [=Serridentinus ne- 
brascensis]. 

1925.637 THe ELepHants AND Mastoponts ARRIVE IN AMERICA. 

Nat. Hist., XXV, No. 1, January-February, pp. 3-23, frontispiece 

and 17 text figs. [Feb. 27, 1925.] Reprinted as Guide Leaflet No. 62, 

Amer. Mus. Nat. Hist., 1926. 

1925.662 Fina ConcLusions ON THE EVOLUTION, PHYLOGENY, AND 
CLASSIFICATION OF THE PRoBosctpEA. Proc. Amer. Phil. Soc., 

LXIV, No. 1, Aug. 7, pp. 17-35, text figs. 1-3. 

1925.670 Mammats AnD Birps OF THE CaLirorNIA Tar Poots. Nat. 

Hist., XXV, No. 6, November—December, pp. 527-543, text figs. 1-13. 
[Issued Dee. 23.] 

Includes remains of Mastodon americanus and Archidiskodon imperator. 

1926.706 AppiTIONAL NEw GENERA AND SPECIES OF THE MASTODONTOID 

ProposcipEaA. Amer. Mus. Novitates, No. 238, Noy. 30, 16 pp., 

12 text figs. 
New genera: Pliomastodon, Turicius, Cordillerion. New species and sub- 

species: Mastodon americanus plicatus, Zygolophodon pyrenaicus aurelia- 
nensis, Turicius turicensis simorrensis, Serridentinus brownt, S. republi- - 
canus, S. obliquidens, S. anguirivalis, S. brewsterensis, S. guatemalensis, 
Rhynchotherium anguirivalis, Anancus falconeri. 

Nature, CXXI, 1928.749 Mammorus AND MAN IN THE TRANSVAAL. 

No. 3052, Apr. 28, pp. 672, 673, text figs. 1, 2. 
New species: Archidiskodon subplanifrons, A. broomi. 

1929.769 Tur Revivat or Central Asiatic Lire. Nat. Hist., X XTX, 
No. 1, [Jan. 29], pp. 3-16, frontispiece and 16 text figs. 

New speciens Amebelodon grangeri [subsequently referred to Platybelodon 
grangeri]. ‘ z 

Translation (by Dr. Ahrens), “Die Wiederweckung ausgestorbener Tier- 
Beals: Zentralasiens.”” Der Naturforscher, 6 Jahrgang, 1929, pp. 
6-16. 

1929.795 Ancient Micration Rovurres or Cuntrat ASIA. 

N.S., LXX, No. 1826, pp. 638, 639, Charts I, II. 
Chart I—Migration lines of Sauropoda (Mesozoic), of Proboscidea (Cenozoic). 

Chart I[—World centers of mammalian origin in order of discovery. 

1929.797 New Eurasiatic AND AMERICAN PRoBoscIDEANS. Amer. Mus. 

Novitates, No. 393, Dec. 24, 23 pp., 22 text figs. 
New genus: Synconolophus. 
New species and subspecies: T'rilophodon angustidens gaillardi, Serridentinus 

bifoliatus, S. hasnotensis, S. metachinjiensis, S. chinjiensis, S. prochin- 
jiensis, S. florescens, Rhynchotherium paredensis, R. chinjiensis, Syncono- 
lophus dhokpathanensis, S. ptychodus, S. propathanensis, Stegolophodon 
nathotensis, S. cautleyi progressus, Steyodon insignis birmanicus, S. ori- 
entalis grangeri, S. pinjorensis, Archidiskodon sonoriensis, Parelephas 
floridanus, P. columbi cayennensis, Elephas platycephalus, and Elephas 
platycephalus angustidens. 

Science, 
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Government Printing Office, Washington. 
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HicHuLANps. WITH AN APPENDIX ON THE VERTEBRATE REMAINS, 
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The Appendix by Charles W. Andrews is entitled “‘Lower Miocene Vertebrates 
from British East Africa, Collected by Dr. Felix Oswald," pp. 163-186, 
Pls. xxviI-xx1x, in which he refers a ramus from near Karungu to 
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Figure of the Mammoth of Siberia, p. 217. 

8vo, 

1859.1 ApprEss OF THE PresIDENT. Rept. Brit. Assoc. Adv. Sci., 28th 

Meeting, Leeds, pp. xlix-ex. 
[Elephas texianus (name only); 

for description.] 

1866-1868 ON THY ANaTomy or VertTeBRATEs, I-III. 8vo, London. 
Proboscidea, Vol. II (skeletal description), pp. 437-444; Vol. III, Proboscidea 

(dental formule, also Dinotherium), pp. 358-366. 

1870.1 On Fossiz REMAINS OF MAMMALS FOUND IN CHINA. Quart. 

Journ. Geol. Soc. London, XXVI, Pt. I, pp. 417-434, Pls. xxvm- 

2.0.40. 
New species: Stegodon sinensis, S. orientalis. 

1882.1 DescripTion OF THE Fossit TUSK OF AN EXTINCT PROBOSCIDIAN 

Mammat (NOTELEPHAS AUSTRALIS, Ow.), FROM QUEENSLAND, 

AvustRALIA. Proc. Roy. Soc. London, X XXIII, p. 448 (abstract). 
New genus: Notelephas | =Diprotodon australis}. 

1883.1 DescrIpTION OF PORTIONS OF A TUSK OF A PROBOSCIDIAN 

Mammat. (NOTELEPHAS AUSTRALIS, Owen.) Phil. Trans. Roy. Soc. 

London, CLX XIII, Pt. II, pp. 777-781, Pl. x1. 

Pallas, Peter Simon 

1777 (1780) Oxsservatio pe Dentisus Movartisus Fossitisus Ienori 
ANIMALIS, CANADENSIBUS ANALOGIS, Er1AM ap URALENSE IvGUM 

Reprertis. Acta Acad. Sci. Imp. Petropol., pp. 213-222, Tab. 
I-x1v. [Commonly dated 1777, although title-page gives for the 
year 1777, date 1780.] 

Molar regarded by Pallas as related to the ‘‘Mastodonte de l'Ohio,” but later 
referred by Hichwald and De Blainville to Mastodon tapiroides (probably 
Zygolophodon|). 

Palmer, Rupert William 

1924.1 An INcompLete SkuLt or DINoTHERIUM, wiTH NOTES ON THE 

InpIAN Forms. Mem. Geol. Sury. India, Palaeont. Indica, N.S., 

VII, Mem. No. 4, pp. 1-18, Pls. ram. 

Agrees with Weinsheimer (1883) that D. indicum and D. pentapotamiz are not 
true species but are based on the remains of casual variations of the Euro- 
pean form [D. giganteum|]. 

see Charles Carter Blake (1862.1, p. 58) 
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Palmer, Theodore Sherman 

1904.1 Inppx GENERUM Mammatium. North American Fauna, No. 23, 

Jan. 23, 984 pp. S8vo, Washington, D. C. 

Patte, Etienne 

1931.1 A propos D’UN ELEPHAS NAMADICUS SIGNALE EN ANNAM. 

QUELQUES MOTS SUR LA FREQUENCE LAMINAIRE. Bull Soc. géol. 

France, (5), I, pp. 743-750, Pl. xumr. 

Paulli, Simon, and Johan Erik Vesti Boas 

1908-1925 Sce Boas, Johan Erik Vesti, and Simon Paulli. 

Pavlow, Marie (Pavlova, Marija Vasil’evna) 

1894.1 Les MastopontEes DE LA RussiE 5T Leurs Raprorts AVEC 

Lys Mastopontes prs Autres Pays. Mém. Acad. Imp. Sci. St. 

Pétersb., (8), I, No. 3, pp. 1-48, Pl. ram. 
Mastodon ohioticus, M. borsoni treated at length; remarks on the geologic age 

and geographic distribution of the Zygolophodonts. 

1901.1 NovuvELLES TROUVAILLES DE Mastropon Borsont Lart. Au 

suD DE LA Russm. Annuaire Géo!. Min. Russie, V, Livr. 2-3, pp. 

9-18, Pl. 1. 
Mastodon Borsoni, M. ohioticus, and M. brevidens. 

1909.1 Les BLAPHANTS POSTTERTIAIRES DE DIVERSES LOCALITHS EN 

Russie. Annuaire Géol. Min. Russie, XI, Livr. 6-7, pp. 171-174, 

PIS: 
New species: Elephas wiisti, p. 172, Pl. v, figs. 1, 2. 

1910.1 Lxs ExépHants FosstLes pe LA Russre. Nouv. Mém. Soc. Imp. 

Nat. Mosecou, XVII (forming XXII of the collection), Livr. 2, pp. 

1-60, Pls. 1-111. 
Supplementary description in detail of Elephas wisti. 

1931.1 Lms ErppHaAnts FosstLes pu Sup DE L’USSR. 

Acad. Sci., II, pp. 67-85, Pls. 1, 11, text figs. 1, 2. 
Treats the species Elephas planifrons, E. meridionalis, E. wisti. 

1931.2 Les RestEs DES OsSEMENTS DES MasTopONTES PROVENANT 

DE L’ANCIEN GOUVERNEMENT DE Kuerson. Inst. Paléozool. 

Acad. Sci. l’USSR, I, pp. 69-79, Pls. 1, 11. 

Pearson, Helga Sharpe 

1928.1 Curnesr Fossit Suip#. Pal. Sinica, (C), V, Fase. 5, Septem- 

ber, 75 pp., 4 pls., 37 text figs. Peiping (Peking). 

Pennant, Thomas 

1771.1 Synopsis or QUADRUPEDS. 
American Elephant. 

1793.1 Hisrory or QuapRUPEDs. 3d edition. I, pp. xxx+306, Pls. 
1-uxa; II, pp. 324+ Index, Pls. ux1-crx. R.8vo, London. 

Elephant, Vol. I, pp. 165-176. 

Perry, George 

1811.1 Arcana: or THE Museum or Natura History: CONTAINING 

THE Most Recent DiscoverRED Oxssects. Embellished with Col- 

oured Plates, and Corresponding Descriptions; with Extracts re- 

lating to Animals, and Remarks of Celebrated Travellers, combin- 

ing a General Survey of Nature. Vols. I and II, 8vo, London. 
This work appeared in twenty-one monthly installments (1810-1811) and 

is without page or plate numbers. Mathews and Iredale give an excellent 
résumé of this work under the title ‘‘‘Perry’s Arcana’'—an Overlooked 
Work,” The Victoria Naturalist: The Journal & Magazine of the Field 
Naturalists’ Club of Victoria, XXIX, 1912, May, pp. 7-16, in which 
they have assigned to the Plates, the numbers I-LXxxIv. 

New species: Elephas gigas |=Elephas indicus], description of four pages, PI. 
li (Pl. uxt of Mathews and Iredale). Elephas socotrus also mentioned 
(but without figure) as residing in Thibet, being much smaller than E. 
gigas and of ‘‘an opposite form.” 

Peters, Carl Ferdinand 
1871.1 Usrser Reste von DINOTHERIUM AUS DER OBERSTEN MI0cAN- 

STUFE DER SUDLICHEN STEIERMARK. Mitt. naturw. Ver. Steier- 

mark, II, Heft III, pp. 367-398, Taf. 1-111, 2 text figs. 

Peterson, Olof August 

1928.1 Tur Brown’s Park Formation. Mem. Carnegie Mus., XI, 

No. 2, pp. 87-130, Pls. 1x—xv, text figs. 1-24. (Issued Apr. 8.) 
Referred Parelephas 

All Ukrainian 

8vo, Chester, pp. xxv +382, 31 pls. 

New species: Serridentinus fricki [= Trilophodon fricki]. 
washingtonii from Colorado. 

Petronievics, Branislav 

1923.1 ReMARKS UPON THE SKULLS OF M@RITHERIUM AND PALOMAS- 

topon. Ann. Mag. Nat. Hist., (9), XII, pp. 55-61, Pl. mu, text figs. 

1, 2. 
New species: Meritherium ancestrale, p. 57. 
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Important Correlation Table. 

1912.1 THe VERTEBRATE FAUNA OF THE GAJ SERIES IN THE BuerT! 
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795 

Plate, Ludwig 

1925.1 Dre ApsTAMMUNGSLEHRE, TATSACHEN, THEORIEN, EINWANDE 
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1887.1 Urner ELerpHasS TROGONTHERIT UND Rutnoceros Mercen 

von RrxporF BEI Bern. Zeitschr. deutsch. geol. Ges., XXXIX, 

Heft IV, pp. 798-807, text fig. 
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1888, 1891 DenriTion uNp Kranovocie pes Evernas anriguus Fare. 

mit BeIrriGeN UBER ELerHas PRIMIGENTUS Buom. UND Evernas 
MERIDIONALIS Nesti. Nova Acta Leop. Carol., LILI, LVIL. Halle. 
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1892.1 Werrerer NacuTraG zv DER DentiTION von ELEerHas ANTI- 

quus. Anhang in “Cerviden des thiringischen Diluvial-Traver- 

tines.”” Palaeontogr., XX XIX, pp. 259-261. 
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XXVI, XXvuI, text figs. 1-6. 
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Zeits. Siugetier- 

PLISTOCAEN, INS- 

Sitz.-Ber. niederrhein. Ges. Bonn, pp. 

New species: 
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Pomel, August—Continued 
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Dinotherium remains. 

Portis, Alessandro 
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Prime, A. J., and Ebenezer Emmons 
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HocHLAND VON 
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(Fide 
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GENERIS. 12mo, Londini: Impensis 8. Smith & B. Walford Soci- 
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Unsigned article, but believed to be the first mention of the species Bunolophodon 

ayore of Spillmann, also of the * Mastodonte de Alangasi"’ [=Curieronius 

Zhe 

1928.2 Ex Masroponre pe Axanaasi. El Ecuador Comercial, Ato VI, 

March, No. 57, pp. 74, 75. Quito, Ecuador. 
Unsigned article. 
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1929.1 Das LeTzTe Mastopon von StipamerrKa. Natur und Museum, 
LIX, Heft II, February, pp. 119-123, text figs. 1-4. 

**Mastodon aus Alangasi.”’ 

1929.2 Das sitDAMERIKANISCHE MAasTODON ALS ZEITGENOSSE DES 
MENSCHEN MAJOIDEN Kutrurxreises. Palaeont. Zeitschr., XI, 
Nr. 2, July 22, pp. 170-177, text figs. 14. 

“Mastodon aus Alangasi.”’ 

1931.1 Dre Skuceriere Ecvapors in WANDEL vex Zerr. 
Central, Quito, Ecuador, Erster Teil, 112 pp., 25 figs. 

Supplementary description of Bunolephedon |Curieronius] ayore (p. 67) 
and Bunolophodon |Curieronius| postremus (p. 73). a: 7 

Spock, Leslie Erskine 

1929.1 Priocene Beps or THe Inen Gost. 

No. 394, Dec. 26, 8 pp., 6 text figs. 
Horizon name Tung Gur derived by reversing Gur Tung (Gur Tung Khars Usu 

being the name of an important well). 

Stanley, George M. 

1935.1 See Case, Ermine Cowles, and George M. Stanley. 

Stauffer, Clinton Raymond 

1924.1 THe Fossit EverHants or Minnesota. 

No. 1541, July 11, pp. 40, 41. 

Stearns, Robert Edwards Carter 

1873.1 (Report OF A FOSSIL ELEPHANT TOOTH FOUND ON Sawra Rosa 

Istanp.| Proc. Calif. Acad. Sei., V, p. 152. 

Stefanescu, Gregoriu 
1878.1 Découverte p’UNE MOLAInE DE Dinotruéxium gn Roumanie. 

Ann. Soc. Acad. Roumanie, (1), XI, pp. 101-104, 2 figs. 

Original not available. 

Svo, Univ. 

Amer. Mus. Novitates 

Science, N.S., LX, 

1892.1 On THe Existrence oF THE DinorHenium tn RouMANtIA. 

Geol. Soc. Amer., III, pp. 81-83, text fig. 24. 
New species: Dinotherium gigantissimum 

Bull. 

1895.1 DiNnoTHERIUM GIGANTISSIMUM. Anuar. Mus. Geol. Pal., for the 

year 1894, pp. 126-199, Tab. 1-v. 

1899.1 DinorHEeriuM GiGANTIssimumM Ster. Anuar. Mus. Geol. Pal., pp. 
110-145, Tab. 1-v, text figs. 1-6. 

1910.1 DrNorHeriuM GIGANTIssimUM. Anuar. Muzeului Geol. Paleont., 
IV, pp. 1-43, Tab. -xur. Bucharest. 

Stefanescu, Sabba 
1918.1 Sur UNE NOUVELLE VOIE A SUIVRE POUR ETUDIER LA PHYLOGENIE 

DES MASTODONTES, STEGODONTES BET ELEPHANTS. Compt. Rend. 
Acad. Sci., CLXVI, pp. 739-741. Paris. 

1919.1 Sur LES FOSSES ALVEOLAIRES, LES PERIODONTES, LES LOGES 
ALVEOLAIRES ET LES ALVBOLES DES ELEPHANTS ET DES MASTODONTES. 

Compt. Rend. Acad. Sei., CLXIX, pp. 148-151. Paris. 
1924.1 Sur va Présence ve cL’ ELePHAS PLANIFRONS ET DE TROIS MUTA- 

TIONS DE L’ELEPHAS ANTIQUUS DANS LES COUCHES GROLOGIQUES DE 

Roumanie. Compt. Rend. Acad. Sei., CLXXIX, pp. 1418, 1419. 
Paris. 

New subspecies: Blephas antiquus rumanus and EB. antiques germanicus. 

1927.1 30 Nores suR L’ORGANISATION DES MOLAIRES ET SUR LA Puyio- 

Génre pes EvérHants er pes Masroponres. Patsenrées A 
L’ACADEMIE DES Scrences Panis pe 1913 A 1924 er accomraantes 
DE 80 PLANCHES Dé&MONSTRATIVES. 4to, Univ. Bucarest, Laboratoire 

de Paléontologie, 101 pp., 80 pls. 

Tt eee ee a ee 
Stehlin, Hans Georg 

1899-1900 Urner pie Gescuicere pes Surpen-Genrsses. Abh. 
schweiz. pal. Ges., XXVI, Erster Teil (1899), pp. v-vu, 1-336; 

XXVII, Zweiter Teil (1900), pp. 337-527. Zurich. 
African origin of European fauna, XXVII, pp. 478-488. 

1926.1 (‘ser MivcHincisiveN MIocAkNER Prososcrpier. Ecioge geol. 

Helvetiw, XIX, No. 3, pp. 693-700, text figs. 1-5. 
Ecloge 1930.1 Dre Skucetierrauna von Lerre (Prov. Bencamo). 

geol. Helvetiw, XXIII, No. 2, pp. 648-681, text figs. 1-9. 

Maples mevidionslin, p. 650, Blephas antiquus, p. 673, Mastodon arvernenris, 

Pp. . 
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Sternberg, Charles Hazelius 

1903.1 ELEPHAS COLUMBI AND OTHER MAMMALS IN THE SWAMPS OF 

WuitMaANn County, WASHINGTON. Science, N.S., XVII, No. 430, 

Mar. 27, pp. 511, 512. 
Skull of Elephas columbi [ =Parelephas washingtonii ref.] 

Sternberg, Charles M. 
1930.1 New Recorps or Mastopons AND MaAmMmorus IN CANADA. 

Canad. Field-Naturalist, XLIV, March, pp. 59-65, 1 pl., 1 map. 

Sternberg, George F., and Erwin Hinckley Barbour 

1935.1 See Barbour, Erwin Hinckley, and George F. Sternberg. 

Stirton, Ruben Arthur 
1934.1 A New Species or AMBLYCASTOR FROM THE PLATYBELODON 

Beps, Tuna Gur Formations, oF Mongoura. Amer. Mus. 

Novitates, No. 694, Feb. 21, 4 pp., 6 text figs. 

Stirton, Ruben Arthur, and Paul O. McGrew 
1935.1 A Pretimmary Notice oN THE MioceNE AND PLIOCENE 

MamMALIAN FauNnas NEAR VALENTINE, NeBrRAskA. Amer. Journ. 

Sci., (5), XXIX, No. 170, February, pp. 125-182. 

Stock, Chester 
1935.1 Exitep Evepsants or THE CHANNEL ISLANDS, CALIFORNIA. 

Sci. Monthly, September, pp. 205-214, figs. 1-9. 
Archidiskodon exilis and E. imperator. 

Stock, Chester, and Eustace L. Furlong 

1928.1 THe PLersrocENE ELEPHANTS oF SANTA Rosa IsLAND, CaLi- 

FORNIA. Science, N.S., LX VIII, No. 1754, Aug. 10, pp. 140, 141. 
New species: Elephas erilis. 

Strauss, Friedrich Carl Joseph von 
1837.1 CoNSIDBRATIONS SUR LE GENRE DE VIE DU DINOTHERIUM ET 

SUR LA PLACE QU’IL CONVIENT DE LUI ASSIGNER DANS UNE DISTRIBU- 

TION NATURELLE DES MAMMIFERES. Compt. Rend. Acad. Sci., 1V, pp. 

529-532. Paris. 
Dinotherium an aquatic animal. 

Stremme, Herman 
1911.1 Dre Skucetiere mir AUSNAHME DER Prozoscipier. In “Die 

Pithecanthropus-Schichten Auf Java.” Herausgegeben vom M. 

Lenore Selenka und Prof. Max Blanckenhorn, pp. 82-150, Taf. xv1- 

xx, text figs. 1-10. 
See especially pages 142-148, 

Stromer, Ernst 
1903.1 Unser AFRIKA ALS ENTSTEHUNGSZENTRUM FUR SAUGETIERE. 

Zeitschr. deutsch. geol. Ges., LV, Protokoll, pp. 61-67. 
1934.1 GrIBT ES ZEITGENOSSISCHE ABBILDUNGEN VON MAsToDONTEN? 

Palaeont. Zeitschr., XVI, June 30, pp. 85-90, text fig. 1. 

Stur, Dionys 
1864.1 UsnBER DIE NEOGENEN ABLAGERUNGEN IM GEBIETE DER Mirz 

unD Mor IN OBERSTEIERMARK. Jahrb. geol. Reichsanst., XIV, 

pp. 218-252. Wien. 
Dinotherium bavaricum, p. 226. 

Suess, Eduard 
1863.1 User pie VERSCHIEDENHEIT UND DIE AUFEINANDERFOLGE DER 

TERTIAREN LANDFAUNEN IN DER NIEDERUNG VON WIEN. Sitz.-Ber. 

Akad. Wiss., XLVII, Abth. I, pp. 306-331. Wien. 
Dinotherium and Mastodon. 

1864.1 Brricut tper Masropon-Reste voN FRANZENSBAD. Jahrb. 

geol. Reichsanst., XIV, Heft IV, [Verh.], December, pp. 237-239. 

Wien. 

Sunamoto, Etsujiro 

1931-1932 A Résumé or ‘THe Evepnant,’ I, I]. 8vo, Osaka. Illus- 

trated. (Published in Japanese with English translation of Table of 

Contents.) 
A remarkable compendium of the living Staten pp. 1917-1929. Mammoth 

and prehistoric proboscideans, pp. 1930-19 

Szalay, Tibor, and Julius Ehik 

1930.1 See Bhik, Julius, and Tibor Szalay. 

Targioni-Tozzetti, Giovanni 
1775.12 ReLaziIoNti D’ALCUNI VIAGGI FATTI IN DIVERSE PARTI DELLA 

TOSCANA PER OSSERVARE LE PRODUZIONI NATURALI E GLI ANTICHI 

PROBOSCIDEA 

MonvuMENTI pI ESSA. Firenze, 1751-1754, 6 volumes, 8vo; 1768- 

1779, 12 volumes, 8vo, (Germ. C. J. Jagemann): Reisen durch 

verschiedene Gegenden des Gross-Herzogthums Toskana, in einem 

Auszuge. Leipz. 1787, 2 volumes, 8vo.—Boéhm, Bibl. I, 1, p. 564.— 

(Gall.) Voyage minéralogique, philosophique et historique en Tos- 

cane. Par. 1792, 2 volumes, 8vo. 
Elefante Indiano, Ed. 2% (1768-1779), Vol. VIII, Firenze, 1775?, p. 391 et seq. 

(reference fide Weithofer, 1890, p. 133). 

Temminck, Coenraad Jacob 

1847.1 Coup-p’@IL GENERAL SUR LES POSSESSIONS N®#ERLANDAISES 

DANS L’INDE ARCHIPELAGIQUE. Leiden, I-III (1846-1849). 
New species: Elephas sumatranus, Vol. IT, p. 91. 

Teilhard de Chardin, Pierre, and Chung-Chien Young 

1931.1 Fossm Mammats rrom THE Late CENozoic oF NORTHERN 

Cuina. Geol. Surv. China, Palaeont. Sinica, (C), IX, Fasc. 1, pp. 

1-88, Pls. 1-x, text figs. 1-23, sketch map; also 5 pages in Chinese. 
Mastodon sp., p 56, Pl. vit, fig. 101. 

Tentzelius, Wilhelmus Ernestus (William Ernest Tentzel) 

1698.1 WitHetmr Ernest1 TENTZELIT HISTORIOGRAPHI DvUCALIS 

Saxonict EpistoLA DE ScELETO ELEPHANTINO TONN#% NUPER 

EFFOSSO, AD VIRUM TOTO ORBE CELEBERRIMUM ANTONIUM MaGLia- 

BECHIUM, SERENISSIMI MaGni Herruri# Ducts BIBLIOTHECARIUM 

& Consiuiarium. Phil. Trans. Roy. Soc. London, XIX, for the 

years 1695, 1696, and 1697, No. 234, November, pp. 757-776. 
The ane Burg Tonna skeleton, subject of controversy between Tentzelius 

anda sees Faculty of Gotha [see Vol. II, Chap. XVIII of the present 
emoir 

Terra, Paul de 

1911.1 VeRGLEICHENDE ANATOMIE DES MENSCHLICHEN GEBISSES UND 

DER ZAHNE DER VERTEBRATEN. §8vyo, G. Fischer, Jena, pp. xiii+ 

451, 200 text figs. 
Proboscidea, pp. 333-338. 

Theobald, William 

1860.1 ON THE TERTIARY AND ALLUVIAL DEPOSITS OF THE CENTRAL 

PORTION OF THE NeERBUDDA VALLEY. Mem. Geol. Surv. India, II, 

Pt. II, pp. 279-298, 1 text fig. 
For fossiliferous deposits, see page 280. Elephas Ganesa (?) below Birman Ghat 

near village of Bilthari; Elephas Namadicus near village of Patrora. 

Thevenin, Armand 

1920.1 See Boule, Marcellin, and Armand Thevenin. 

Thomas, Michael Rogers Oldfield 
1893.1 SuGGESTIONS FOR THE MORE DEFINITE USE OF THE WORD 

““Typr’’ AND ITS COMPOUNDS, AS DENOTING SPECIMENS OF A GREATER 

OR LESS DEGREE OF AUTHENTICITY. Proc. Zool. Soc. London, March 

14, pp. 241, 242. 

1911.1 Tae Mammats or THe Tents Epirion or Linnxus; AN AtT- 
TEMPT TO FIX THE TYPES OF THE GENERA AND THE EXACT BASES 

AND LOCALITIES OF THE SPEcrEs. Proc. Zool. Soc. London, pp. 120- 

158. 
Genus Elephas, 

Ceylon. 
“Type E. maximus (EH. indicus auctorum).”” Type locality: 

Thomas, Philippe 
1884.1 RecHERCHES STRATIGRAPHIQUES ET PALBHONTOLOGIQUES SUR 

Que ques Formations p’Eau Douce ve L’Auefrie. Mém. Soc. 

géol. France, (3), III, No. 2, pp. 1-51, Pls. vir—x. 

Tilesius von Tilnau, Wilhelm Gottlieb 
1815.1 Dr SKELETO MAMMONTEO SIBIRICO AD MARIS GLACIALIS LITTORA 

ANNO 1807, EFFrosso, Cur PRAEMISSAE ELEPHANTINI GENERIS 

Specierum Distinctionres. Sectio Primo. . . . Conventui exhi- 

buit die 10 Jan. 1810. Mém. Acad. Imp. Sci. St. Péterbs., (V), V, 

for 1812, pp. 406-513, Tab. x, x1. 

Description of the “ Adams skeleton,”’ with figure. 

Tokunaga [Yoshiwara], Shigeyasu 

1906.1 Fossits rrom THE ENvrirons oF ToKyo. 

Imp. Univ. Tokyo, XXI, Art. II, pp. 1-96, 6 pls. 
1933.1 Fossm ExnerHants rounp In Toxyo. Journ. Geog., XLV, 

No. 535, pp. 419-426, Pls. v, vr 
Elephas indicus Buski, Paleoloxodon namadicus, Loxodonta naumanni, Palzxo- 

loxodon sp. 

Journ. Coll. Sci., 
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Udden, Johan August, and Netta C. Anderson 
1905.1 See Anderson, Netta C., and Johan August Udden. 

Uhle, Max 

1930.1 SpAdre Masroponten in Ecuapor. Proc. Twenty-third Inter- 

nat. Cong. Americanists, September, 1928, pp. 247-258, text figs. 

1-10. 
Confirmation of the relatively recent prehistoric age of the Mastodon of Alan- 

gasi, as evidenced by the presence of obsidian flints, carved bone imple- 
ments, etc. 

Bull. Geol. Soc. Amer. 

Unsigned articles (see under Anonymous) 
Vacek, Michael 

1877.1 User OsrerrercHiscHe MASTODONTEN UND IHRE BEZIEHUNGEN 

zU DEN MASTopONARTEN Evuropas. Abh. geol. Reichsanst., VII, 
Heft IV, pp. 1-45, Taf. 1-vu. Wien. 

New genera: Zygolophodon and Bunolophodon, p. 45. 

Van der Maarel, Franciscus Hendricus 
1932.1 See Maarel, Franciscus Hendricus van der. 

Vaufrey, Raymond 
1929.1 Les Enéraanrs Nains pes Ines MépirerRANGENNES ET LA 

QueEsTION DES IstHmes PLirsrockNnes. Arch. Inst. Pal. Humaine, 
Mém. VI, 220 pp., 9 pls., 45 text figs. 

An exhaustive treatment of Elephas antiquus race Falconeri, race melitensis, 
race mnaidriensis. 

Vaughan, Thomas Wayland 
1924.1 CrireRIA AND Stratus OF CORRELATION AND CLASSIFICATION OF 

Tertiary Deposits. (Presidential Address before Palseontological 
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Verri, Antonio 
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Villada, Manuel Maria 

1903.1 Apruntes Acerca DE LA Fauna Féstt DEL VALLE DE Mexico. 
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Wagner, George 

1899.1 TeTrRacAULopON (TEeTRABELODON) SuHeparpu, Copp. 
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A second edition of this book was published in 1855, in which new matter was 
_ introduced, old matter corrected, and three important plates added 
[The" Baltimore mastodon" tooth figured by Warren, PL. xxv, is not the original 
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On 
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1913.1 TrrTiIAER UND UMGELAGERTE Kreipe Bet Orretn (OpeR- 
SCHLESIEN). 

1-35. 
New subspecies: Mastodon angustidens var. austro-germanica. 
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Morph. Jahrb., XIV, pp. 507-516. 
1889.1 Usrser pie TERTIAREN LANDSAUGETHIERE ITALIENS. 

geol. Reichsanst., XX XIX, Heft I, pp. 55-82. Wien. 
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PROBOSCIDEA 

Zalensky, Vladimir Vladimirovich 
1903.1 Zur PHYLOGENIE DER ELEPHANTIDEN. 

No. 24, pp. 793-803, text fig. 

1903.2 OsrEoLOGICAL AND ODONTOLOGICAL RESEARCHES ON THE MaAm- 

MoTH (ELEPHAS PRIMIGENIUS BLUM.) AND ELEPHANTS (E. inpicus L. 

AND EL. AFRICANUS BuiuM.). Scientific results obtained by the 

expedition, sent out by the Academy [Acad. Imp. Sci. St. Pétersb.] 

to dig for Mammoths, on the River Berezovka in 1901. I, II, Mlus- 

trated. 4to, St. Petersburg. (In Russian.) I, 124 pp., 25 pls. 

Zdarsky, A., and Adolf Hofmann 

1905.1 See Hofmann, Adolf, and A. Zdarsky. 

Zittel, Karl Alfred von 

1891-1893 HanpsucH DER PALAEONTOLOGIE. Palwozoologie. Verte- 

brata (Mammalia), IV, pp. xi+799, 590 text figs. Svo. Miinchen u. 

Leipzig. 
1901.1 History or GroLocy AND PaLawonToLoagy. To THE END OF 

THE NINETEENTH CrenTURY. Translation by Maria M. Ogilvie- 

Gordon, D.Sc. (London), Ph.D. (Munich). 8vo, Charles Scribner’s 

Sons, New York, pp. xiii+562, 13 portraits. 

Zuffardi, P. 
1913.1 Exerantr Fosstu1 pet Piemonte. Palaeont. ital., XIX, pp. 

121-187, Tav. vi—x11. 
New subspecies: Elephas antiquus Fale. var. trogontherioides. 

Biol. Centralb., XXIII, 

Zukowsky, Ludwig 
1924.1 Brrrrac zuR KENNTNIS DER SAUGETIERE DER NORDLICHEN 

TeIte DerutrscH-SiDWESTAFRIKAS UNTER BESONDERER BERUCK- 

SICHTIGUNG DES GRosswiLpEs. Arch. Naturges., XC, Abth. A, 

Heft I, pp. 29-164, text figs. 1-12. Berlin. 

New subspecies: Lozodonta africana Zukowskyi Strand (in Zukowsky), p. 68. 

ERRATA 

Page 28, line 32, Palzomastodon should be removed from the Mastodontine; in the Appendix (p. 691) it is made the type of the 

new subfamily Paleomastodontine. 

Page 29, caption to figure 6, substitute Johnston, 1898, for Johnston, 1907 (see Bibliography). 

Page 160, lines 13 and 14, left column, cotypes of Pliomastodon americanus praetypica, substitute the following: Originals of 

figure 1 in the Ungarische Reichsanstalt of Budapest; of figures 2 to 5 

National Museum of Budapest. 

inclusive in the Hungarian 

Page 264, lines 24 and 27, right column, Gaudry, 1862, should read Gaudry, 1862-1867. 

Page 283, lines 1 and 4, under Trilophodon pontileviensis, Fig. 138A, B, should read Fig. 138B. 

Page 317, Fig. 272. This figure, with caption, has been corrected and is repeated as figure 679 on page 733 of the Appendix. 

Page 334, supercaption to figure 286, line 3, after Amebelodon retain B and omit E. 

Page 385, line 30 (No. 27c), Ocalientinus emmonsi of the marl beds of North Carolina, determined as of Pliocene age, redeter- 
mined (p. 733 of Appendix) as of Miocene age. 

Page 457, bottom of right column, under Serridentinus lydekkeri, substitute for Shansi(?), North China, the localities 
Tientsin, Honan, ete., North China. 

Page 484, caption to figure 454, molar from Tambla (c) is described in Leidy, 1869, p. 242, not p. 424. 

Page 554, line 17, Cope, 1892.2, p. 227, should read 1892.4, p. 227 (see Bibliography). 

Page 664, top of left column, Amer. Mus. 19462 is not referable to Synconolophus dhokpathanensis but to S. hasnoti (see Fig. 
628, p. 660). 
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